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SUMMARY 

1. Chloroplasts have been preilluminated by a sequence of n short saturating 
flashes immediately before alkalinization to pH 9.3, and brought back 2 rain later 
to pI-I 7.8. The assay of Photosystem II activity through dichlorophenolindophenol 
photoreduction, oxygen evolution, fluorescence induction, shows that part of the 
centers is inactivated and that this part depends on the number of preilluminating 
flashes (maximum inhibition after one flash) in a way which suggests identification 
of state $2 as the target for alkaline inactivation. 

2. As shown by Reimer and Trebst ((1975) Biochem. Physiol. Pflanz. 168, 
225-232) the inactivation necessitates the presence of gramicidin, which shows that 
the sensitive site is on the internal side of the thylakoid membrane. 

3. The electron flow through inactivated Photosystem II is restored by artificial 
donor addition (diphenylcarbazide or hydroxylamine); this suggests that the water- 
splitting enzyme itself is blocked. The inactivation is accompanied by a solubili- 
zation of bound Mn 2+ and by the occurrence of EPR Signal Ii "fast". 

4. Glutaraldehyde fixation before the treatment does not prevent the inacti- 
vation which thus does not seem to involve a protein structural change. 

INTRODUCTION 

The photochemical activity of Photosystem II in chloroplast lamellae is highly 
dependent upon structural organization of the photosynthetic membrane. Many 
chemical agents or physical treatments which disturb membrane structure (chao- 
tropic agents [1], Tris washing [2], heat treatment [3], enzymatic iodination [4]) 
cause a concomitant loss of water oxidation activity. Protection against some of 
these inactivations is obtained by glutaraldehyde prefixation [4, 5] showing that some 
protein conformation change is involved. 

Several studies have indicated that, on the other hand, photoinduced function- 

Abbreviations: I)CMU, 3-(3',4'-dichlorophenyl)-l,l-dimethylurea; DPC, diphenyl carbazide; 
I)CPIP, dichlorophenolindophenol. 
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ing of the photosynthetic apparatus causes structural changes of the membrane 
which may involve Photosystem II components. Giaquinta and Dilley [6, 7] reported 
a light-induced increase in membrane reactivity to diamino benzidine sulfonate 
(DABS) which was dependent upon electron flux through Photosystem II. Bouges- 
Bocquet [8] has found evidence for conformational changes in the water-oxidizing 
enzymes: her studies of Kok's S states [9] turnover rates showed that one kinetic 
component is inhibited by prior glutaraldehyde fixation of the membrane proteins. 
It has also been reported that there is a light-induced inactivation of the oxidizing 
side of Photosystem II at alkaline pH [I0]. Reimer and Trebst [11 ] suggested that 
some photoinduced conformational change in Photosystem II makes the water- 
splitting enzyme more labile at high pH. 

In order to obtain further information about the mechanism of alkaline pH 
inactivation of Photosystem I1, and especially to determine whether the accumulation 
of positive charges at the level of the water-oxidizing enzyme could be involved, we 
used short saturating flashes to induce the inactivation. It will be shown that the S 2 
state of Photosystem II is specifically sensitive to high pH inactivation. 

MATERIALS AND METHODS 

Chloroplasts preparation. Broken chloroplasts were isolated from spinach, 
lettuce or peas, according to a procedure previously described [4], and were then 
resuspended in 0.4 M sorbitol, 10 -2 M NaCI, 10 -2 M MgC12 and 10 -2 M Tricine, 
pH 7.8. They were stored in the dark at 0 °C, at a concentration corresponding to 
1-3 mg chlorophyll per ml. 

Photoinactivation treatment. The chloroplasts are initially in a 10 mM buffer, 
pH 7.8 (either Tricine or sodium phosphate) with or without 10-6 M gramicidin D. 
In order to bring the pH at about 9.25, one adds a small volume of a molar basic 
solution, either NaOH, glycine or carbonate buffer, pH 9.5. Then, to restore to pH 
7.8, one uses again a molar buffer at pI-I 7.0 (Tricine or phosphate). For each experi- 
ment, a preliminary test is done to determine the quantities of buffers necessary to 
induce transitions to pI-I 9.25 and back to 7.8. The allowed range for alkaline treat- 
ment lies between 9.0 and 9.35. Below 9.0, no inactivation occurs, whereas at higher 
pH, a dark inactivation interferes, which becomes severely dependent on the incu- 
bation time above 9.35. This dark inactivation (pH < 9.35) varies between 10 and 
50 % and has to be taken into account when photoinhibitions are calculated. The 
time of incubation and illumination conditions are described in the text. A General 
Radio Strobotac is used for flash illumination (8 ~ts duration). The chloroplasts at a 
concentration of 10 #g chlorophyll/ml are exposed to the flash light in a glass vessel 
with 4 mm optical path. This corresponds approximately to a monolayer of chloro- 
plasts, and the flash saturation was checked in this geometry by oxygen yield experi- 
ments. For measurements requiring a high concentration of chloroplasts (oxygen 
and EPR experiments) a continuous illumination was used for photoinactivation 
instead of the flash which could not saturate large or concentrated samples. 

Glutaraldehyde fixation. Glutaraldehyde is added in the chloroplasts suspen- 
sion at pI-I 7.8, 1 min after the addition of gramicidin; it remains in the suspension 
during the alkaline treatment and the activity measurements. 

The fixation of chloroplasts was assayed according to Zilinskas and Govindjee 
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[5], by the inability to undergo any osmotic change. Complete fixation was ob- 
tained for a concentration of 0.05 ~ glutaraldehyde in a 10 9g chlorophyll per ml 
chloroplasts suspension. This glutaraldehyde to chlorophyll ratio is in agreement 
with that found by Zilinskas and Govindjee [5] for complete fixation. 

Activities measurements. The rate of the Hill reaction is measured spectro- 
scopically by the photoinduced changes of DCPIP absorbance at 580 nm in a Cary 
14 spectrophotometer with lateral illumination, in presence, when mentioned, of 
5 • 10 -4 M diphenyl carbazide (DPC) as an artificial donor. The actinic light is red 
light (Corning 2-61 filter); a blue filter (Corning 4-96) protects the photomultiplier 
from the actinic light. 

Fluorescence induction at 685 nm is determined, at room temperature either 
in the absence of any addition, or in the presence of 10 -5 M DCMU, or 10 -2 M 
NH2OH. 

The yield of oxygen evolved at each flash (8 ~ts duration) of a series was mea- 
sured with a rate electrode. Chloroplasts are used at a concentration of 500 pg chloro- 
phyll/ml. 

EPR measurements. A Bruker B-ER 420 spectrometer was used. Instrument 
settings : 3.2 Gauss modulation, 25 mW microwave power for Signal II spectra, 16 
Gauss and 100 mWfor  Mn 2+. Chloroplasts were used at a concentration of about 4 
mg chlorophyll/ml in a flat quartz cell. 

RESULTS 

Illumination at high p H  
The experiment is basically the same as Reimer and Trebst's [11 ] except for 

flash instead of continuous illumination. Chloroplasts (I0 #g chlorophyll/ml) with 
gramicidin D 10- 6 M are brought from pH 7.8 to 9.25 (see Materials and Methods). 
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Fig. 1. Inhibition of  the I-I20-DCPIP reaction in limiting light, as a function of the number of flashes 
during the pretreatment (see text). 
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I rain later they are exposed to n short saturating flashes, then, after two more 
minutes, brought  back to p H  7.8. Fig. 1 shows the inhibition of  the Hill reaction as a 
function of n, for two time intervals between flashes (At, 1 and 20 s). For  At ~ 1 s the 
maximum inhibition ( ~  65 ~ )  occurs after the first flash. The inactivation then 
decreases with the subsequent flashes. 

A similar situation where one or two flashes induce a larger effect than 3 or 4 
has already been described by Babcock and Sauer [12] showing that EPR signal I I  is 
formed f rom states $2 and $3 of Photosystem II  charge accumulating device and not  
f rom states So and S 1. Taking K o k  et al. [9] scheme, neglecting double hits and 
misses, and assuming that 25 ~ of  the dark-adapted centers are in the So state, 75 
in the S~ state, one gets after one flash: 25 ~ $1, 75 ~ $2; after two flashes, $2 ~- 
25 ~ ,  S 3 ---- 75 ~ ;  after three flashes S 3 = 25 ~ S O ---- 75 ~ ,  and so on. Therefore, 
the result of  Fig. 1 for At --~ 1 s strongly suggests that state S 2 is the target of  high p H  
inactivation. 

When the time between flashes is 20 s, a large inactivation has had time to 
develop on the S 2 centers between the first and second flash. To these inactivated 
centers, the second flash adds its contribution (centers initially in So, plus these $2 
centers which escaped inactivation and had time to deactivate to S~ before the second 
flash). Thus when the At is long enough, the inactivation builds up during the se- 
quence contrary to the pattern observed at short At values. 

Actually, at pH 9.3 the S states distribution during a flashes sequence certainly 
differs f rom the one we assumed above. At alkaline pH,  according to Wraight et al. 
[13], no oxygen is evolved, thus showing that some reaction between S 3 and oxygen 
evolution is inhibited. 

In order to avoid this difficulty and to handle the S states in better known 
conditions we changed the experimental procedure to that described in Fig. 2, where 

Chloroplasts, diluted to 10/zg Chlorophyll/ml 
in 10 -z M Tricine, pH 7.8, 0.4 M Sorbitol, 
5.10 -3 M MgCI2, 10 -6 M Gramicidin D 

+ ~ - -  Glutaraldehyde 0.05 
10 min in dark 

~ series of 8/~s flashes 
Alkalinization to pit 9.3 ~ I dark time between 

(Addition immediately [ flashes is 1 s 
after last flash) 

2 min in dark 

+Tricine • i 
/ 

to pI-[ 7.8 1 
¥ 

1 rain in dark 

Measurement of activities 

Fig. 2. Experimental procedure for the alkaline treatment. 
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the chloroplasts are given suitable preillumination at pH 7.8 just before injecting the 
alkaline buffer. Thus, in most of the following experiments the procedures involving 
light occur at pH 7.8, while the alkaline excursion takes place in complete darkness. 

Flashes preillumination at p H  7.8 
Following the experimental procedure described in Fig. 2, Fig. 3a shows the 

inhibition of the H20 ~ DCPIP reaction in saturating light vs. the number of preil- 
lumination flashes. Fig. 3b gives tile oxygen evolved at flash nq-2 in an experiment 
with an untreated sample. This oxygen yield Y, + 2 is an approximate measurement of 
the amount of state $2 present after the n th flash, i.e. just before injecting the alkaline 
buffer in the experiment of Fig. 3a. The similarity of the sequences of Figs. 3a and 3b 
confirms that the high pH inactivation involves state $2. If state S 3 was equally sensi- 
tive, the maximum inhibition would occur after two preiUuminating flashes. Fig. 3a 
shows, however, a greater inhibition after two flashes than would be expected from 
the Yn+2 sequence. A likely explanation is that Sa centers formed after two flashes 
deactivate through $2 during high pH incubation thus yielding some additional in- 
activation. 

Reimer and Trebst [11 ] have shown that high pH inactivation does not affect 
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Fig. 3. (a) Inhibition of  the H20-I)CPIP reaction in saturating light as a function of  the number of  
preillumination flashes, according to procedure of  Fig. 2. (b) Oxygen evolved at flash n + 2  in an 
untreated sample. (c) t~. of  the FI--F= phase of  fluorescence induction as a function of  the number of  
preillumination flashes, according to the procedure shown in Fig. 2. 
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TABLE I 

RATE OF DCPIP PHOTOREDUCTION 

Flash number Rate of DCPIP photoreduction 

I'{20 +DPC 

0 100" 100 
1 35 75 

* 100 = 600/~mol DCPIP reduced per h per 1 mg chlorophyll. 

the Hill reaction when the artificial System II donor diphenylcarbazide (DPC) is used. 
This is confirmed by the data of Table I which shows that DPC addition increases the 
rate of DCPIP  photoreduction in the inactivated samples, although not restoring 
100 ~ of  the activity. This is consistent with the assumptions that DPC is a less effi- 
cient donor than water and that it does not replace the natural donor unless the water- 
oxidizing system has been damaged, e.g. by alkaline inactivation. 
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Fig. 4. Rate of DCPIP photoreduction for 0 and 1 preillumination flash samples as a function of the 
light intensity during the assay. 
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When no gramicidin D is added, preillumination by one flash does not cause 
any inactivation, which shows that only the internal p i t  of the thylakoid is involved. 

In Fig. 4 is shown the rate of  DCPIP photoreduction for 0 and 1 preillumi- 
nation flash samples as a function of the light intensity during the assay. It can be 
seen that the inhibition is roughly constant in limiting or saturating light intensity 
conditions. 

Oxygen yield sequence of a partially inactivated sample 
,For this experiment, instead of  using preilluminating flashes (which might be 

non-saturating for a concentrated chloroplasts suspension), a 1 min continuous 
illumination with strong white light was used before the p i t  rise. One expects then to 
reach the steady state 25 % concentration for every S state and thus a percent in- 
activation between 25 and 50 if S 3 states deactivate to S 2 during the alkaline in- 
cubation. After 1 min at high p i t  the sample was brought back at pH 7.8, and then 
assayed for oxygen evolution during a sequence of  flashes. Compared to an untreated 
control, the sequence displayed a 50 ~ inactivation but otherwise the oscillating 
pattern was essentially the same, showing no change in periodicity or damping 
characteristics. 

Deactivation of the pH-sensitive state 
When the time between one flash illumination and the alkalinization is varied 

one obtains the deactivation curve (in darkness, at pH 7.8) of the high p i t  inactivation 
sensitive state (Fig. 5). The kinetics of this deactivation has a t½ of 45 s which fits 
nicely $2 deactivation measured on these chloroplasts (as the yield of 02 evolved at a 
second flash of a series of 2 vs. the dark time interval after one flash). 

Kinetics of the alkaline inhibition 
We have so far implicitly assumed that the inactivation kinetics of state $2 

at p i t  9.25 is fast compared to $2 natural deactivation. That this is so is shown in 
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Fig. 6. Kinetics of the alkaline inactivation. 

Fig. 6 in which the incubation time at high pH is varied (for convenience, the one 
flash illumination is given here at pH 9.3). Every point is calculated by comparing the 
activity of the illuminated sample to that of a dark sample which has remained for the 
same time at pH 9.3. The maximum inactivation is reached in about 40 s, the half- 
time is about 7 s. 

Effect of o-phenanthroline 
Reimer and Trebst [11 ] reported that o-phenanthroline caused some protection 

against the alkaline inactivation. This would be surprising if $2 is the pH-sensitive 
state for it is well known that with this inhibitor as with DCMU, Photosystem II 
cycles around a unique photochemical step: 

light 

SiQ <---+ Si+ 1 Q- 
d a r k  

where Q stands for the primary acceptor (DCMU-type inhibitors block its normal 
reoxidation by plastoquinones), and S i is the S state of the center in the dark when 
DCMU is added. As the reverse dark reaction is slow, a moderate light intensity is 
sufficient to maintain a high steady-state concentration of centers in the S/+IQ- 
(high fluorescent) state. Thus if in the presence of DCMU one illuminates con- 
tinuously a sample at high pH, one expects an inactivation of those centers which 
were in state $1 in the dark, i.e. about 75 ~o. 

We did such an experiment illuminating for 1 min at pH 9.3 samples with or 
without o-phenanthroline. After pH neutralization, all the samples are centrifuged, 
resuspended in a medium with 0.2 M zinc acetate (in order to complex any remaining 
o-phenanthroline [14] and the DCPIP photoreduction is then assayed. A 92 ~o inhi- 
bition was obtained for samples without o-phenanthroline, and 60 9/0 for these with 
o-phenanthroline, which is thus pretty close to the expected dark concentration of 
state $1. 

Fluorescence induction 
Fig. 7 shows the fluorescence kinetics for 0 and 1 flash-pretreated samples 
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Fig. 7. Fluorescence induction for 0 and 1 ftash-pretreated samples (according to Fig. 2). Chlorophyll 
concentration, 10/*g chlorophyll/ml. 

(according to Fig. 2 procedure again). One has the usual fast phase from the Fo dark 
adapted level to Fi, followed by the slower Fi--Fp (here called "Fro" ) rise which 
accompanies the plastoquinone pool reduction. It can be seen that high pH inacti- 
vation affects strongly the rate of this phase, leaving otherwise the fast phase and the 
levels Fo, Fi and F m mainly unchanged. This holds too with a greater number of 
preilluminating flashes, and Fig. 3c shows a plot of the t¢ of the slow fluorescence 
rise vs. the number of flashes. The rate of this fluorescence phase behaves quite 
similarly to that of the DCPIP photoreduction (Fig. 3a). 

When the artificial donor NH2OH is added (10 -2 M), no difference is ob- 
served between the 0 and 1 flash samples (Table II). Hydroxylamine is (like DPC) 

TABLE II 

EFFECT OF 10 -2 M NH2OI-[ ADDITION ON THE RATE OF THE FI--Fm PHASE 

Flash number t~; FI--Fra phase (s) 

No addition + N H 2 O H  (10 -2  M)  

0 0.65 0.42 
1 0.92 0.42 

TABLE III 

FLUORESCENCE CHARACTERISTICS IN 10 -5 M DCMU-POISONED CHLOROPLASTS 

The F values are in arbitrary units. 

Flash number  Fo Fm L} (ms) 

0 100 297 20 
1 100 300 23.5 
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a less good donor than the endogenous one, but (unlike DPC), it replaces this 
natural donor. This explains why NH2OH cancels the oscillating inactivation pattern 
although DPC could only damp it. 

In the presence of DCMU (10-5 M) the kinetics of the 0 and 1 flash samples 
are essentially the same (see Table III). The well known effect of DCMU on fluores- 
cence kinetics is to suppress the slow phase by extending the fast one up to the 
maximum level: this fluorescence rise displays essentially one photochemical act 
(reduction of the primary a(ceptor) whereas the slow phase involves about 10 times 
more photochemical turnover (reduction of the secondary acceptor pool when the 
DCMU block is absent). 

Effect of #lutaraldehyde fixation 
In Table IV are reported the activities and fluorescence characteristics (with- 

out any addition) in unfixed and fixed chloroplasts. The fixation is done before the 
inactivating treatment (Fig. 2). An inhibitory effect of flash is still observed, but 
fluorescence inductions show that in glutaraldehyde-fixed chloroplasts maximum 
fluorescence F m is greatly decreased. In glutaraldehyde-fixed chloroplasts as in un- 
fixed chloroplasts, the addition of 10 -2 M NH2OH suppresses the inactivation, and 
so does 10 -5 M DCMU. 

TABLE IV 

EFFECT OF GLUTARALDEFIYDE PREFIXATION 

Glutaraldehyde (~)  0 0.05 

0 flash 1 flash 0 flash 1 flash 

H20 ~ I)CPIP rates 100 ~ 27 ~ 41 Y/oo 12 
Inhibition (~o) 73 71 

Fo 100 100 100 100 
Fm 280 275 280 175 

EPR measurements 
Most treatments which affect the Photosystem II donor side between water 

and the site(s) for artificial donation by DPC, hydroxylamine, etc., are known to 
cause solubilization of Mn 2+ which seems to play a key role in the water-splitting 
mechanism. Tris washing [2], heat [3], NI-I2OH washing [ 15], low pH treatment [16] 
inhibit water oxidation (but not Photosystem II activity with an artificial donor), 
collapse the EPR Signal II u (according to Babcock and Sauer [17] nomenclature), 
cause a new light induced EPR Signal II ("fast") and solubilize some Mn z+ which 
becomes EPR detectable. The loss of Mn 2+ is thought to explain the water-splitting 
enzyme inactivation which in turn accounts for the occurrence of Signal II f that 
Babcock and Sauer [17] attribute to an oxidized intermediate on the donor side of 
Photosystem II. 

In order to check whether alkaline photoinactivation behaves in a similar 
way, we ran EPR spectra of inactived and control samples. However, the buffers 
used for the pH transitions proved to have a quenching effect on lhe Mn 2+ EPR 
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signal and we therefore used the following procedure: a fresh chloroplasts batch with 
10- 6 M gramicidin D is parted into three samples that we shall call C, D and L. D and 
L are alkalinized for 5 min, D in darkness, L with continuous light on. D and L are 
brought back to pH 7.8 and the three samples are spun down. They are washed once 
in the usual suspension medium except for low (1 mM) Tricine concentration, in 
which they are resuspended. The concentrations and DCPIP photoreduction activity 
of the three samples are then measured and they are assayed in EPR for Signal II (in 
darkness, with continuous light on, and in darkness again), and for the Mn 2+ signal. 
The samples are then heated at 58 °C for 30 min and Mn 2+ EPR spectra run again. 
The difference AMn between the EPR detected Mn 2÷ after and before heating is 
taken as the amount  of  bound Mn 2÷ present in each sample before heating. 

The results are shown in Fig. 8 where AMn, and the amplitude of  Signal II f 
are plotted versus the activity. The inactivation is indeed accompanied by a loss of  
bound Mn 2+ and by the appearance of Signal II f, but unexpectedly, whereas AMn 
and Signal II f are linearly correlated to each other (not shown), they are not 
linearly dependent on the activity. 
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Fig. 8. A M n  2+ and  Signal  II f versus  activity ( H 2 0  ~ DCPIP) .  (3, control;  0 ,  5 rain at  pFI 9.3 in 
the  dark;  I ,  20 min  a t  pI-I 9.3 in the  dark ,  * ,  5 m i n  at  pI-[ 9.3 in the light. The  three  sets o f  curves  
represent  three different exper iments .  

In the same figure the result of  a similar experiment is shown except that no 
sample has been photoinactivated,' only the alkalinization duration varied (5 and 20 
min). A very similar dMn vs. activity dependence is found, suggesting that the role of  
light is to merely accelerate the alkaline inactivation. 

D I S C U S S I O N  

The evidence presented in this paper shows that light causes a dramatic in- 
crease in the rate of  inactivation of Photosystem II donor side at pH 9.3 and that this 
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increase can be explained by the specific sensitivity of state $2 to alkalinization. We 
cannot rule out that state S a may be alkaline sensitive to some extent too, but an 
analysis of  data such as those of  Fig. 3 shows that S 3 should be about three times less 
sensitive than $2. This is by far an upper limit because the S a centers may deactivate 
to S 2 and be inactivated in this state. 

It is not clear whether the $2 sensitivity could account even for the (slower) 
inactivation in darkness at pI-I 9.3. The occurrence of oxygen on the second flash of  a 
sequence may not be entirely due to double hitting and may imply that centers have 
a non-zero probability to be found in state $2 in the dark adapted state. 

The degree of  inhibition seems to depend upon the number of  inactivated 
centers rather than on a degree of inhibition on all centers. This is suggested by the 
fact that the 02 flash sequence is only modified by a factor of scale, and by the insen- 
sitivity of  the inhibition to the light intensity during the assay (Fig. 4). In first approxi- 
mation, the percent inactivation can be interpreted like a percent inactivated centers' 
the other centers being unaffected. 

The fact that inactivation necessitates the presence of gramicidin (if the 
alkaline incubation time is to be short) locates this process on the internal side of the 
thylakoid membrane, which is to be expected for a phenomenon involving Photo- 
system II donor  side. The inactivation does not appear in the D P C -  DCPIP re- 
action, nor  in the NH2OH - plastoquinones reaction studied through the fluorescence 
slow rise. The inhibition thus strikes between the charge accumulating device and 
Photosystem II centers. The following considerations allow a slightly more precise 
functional localization: inactivation does not cause a significant change of the fluores- 
cence rise in the presence of  DCMU. Thus a one step photochemical reaction is un- 
affected, whereas the inactivation appears in reactions which involve several oxi- 
dation steps on the donor  side: oxygen evolution, steady-state Hill reaction, or 
reduction of  the plastoquinone pool. The inactivated centers therefore still possess 
at least a one equivalent secondary donor (generally denoted Z) and most likely a 
second one (Y), for centers with only Z would probably undergo a fast charges re- 
combination ( Z + Q - - ~  ZQ) which does not occur in our D C M U  experiment, 
whereas Y would allow a better stabilization of  the oxidizing equivalent. 

An interesting point appears in the fluorescence curves such as in Fig. 7, that 
is, the constancy of  the maximum level even though the half-time to reach this level is 
controlled by the alkaline inactivation. This means that even the Q belonging to in- 
activated centers become eventually reduced. Three possible explanations can be 
envisaged: 

(i) The acceptor Q of  inactivated centers is reduced by the active centers' 
Q -  through interaction with the plastoquinone pool, which is a thermodynamically 
likely situation. Probably because of  the secondary acceptor B [18] role in the redox 
exchanges with plastoquinones, the reduction of  Q through plastoquinones is known 
to necessitate light (which is of course present in our fluorescence experiment). It is 
well known that although no direct interaction takes place between the Q's of differ- 
ent centers, a communication between the electron transfer chains occurs through the 
plastoquinone pool [19-21]. 

(ii) One may on the contrary involve the donor side, if the active/inactive 
donor  systems are not rigidly bound to each center's chlorophyll-acceptor complex 
but can visit several centers, contrary to Kok's  model. Such an hypothesis is not 
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untenable (Lavergne, J., unpublished, and ref. 22). A consequence of the inactivation 
would be to remove some "donor particles" from the p001, which in such models 
should induce a modification of the damping characteristics of the oxygen sequence. 
As mentioned, no modification of this kind was observed. 

(iii) The assumption of an all or none inactivation can be questioned. In- 
activated centers may have a secondary electron donation slowed down which 
favours the competition by the back reaction (Y+Q- ~ YQ). These centers would be 
functional but with a lower probability than normal centers (a quite low probability 
indeed to fit our data). They would thus be able to reduce their Q provided a suffi- 
cient time of illumination is given. 

Although hypothesis i seems the more likely, a participation of mechanism iii 
cannot be ruled out. 

The apparently similar location of the alkaline inactivation with that of other 
treatments led us to check whether any Mn 2+ released and Signal IIf  occurrence 
accompanied the inactivation. We found that such was the case although the amount 
of Mn 2+ released and number of active centers are not linearly related, whereas 
Signal IIf  and Mn 2+ are (to each other). The Mn 2+ result may be interpreted on the 
grounds that there are several Mn 2+ per Photosystem II centers, some of which not 
strictly required for Phostosytem II activity. However, the lack of a linear relationship 
between inactivation and Signal IIf  is more difficult to understand if the Babcock and 
Sauer [17] interpretation of Signal IIf is correct. Further experiments are obviously 
needed to clarify this point. 

Alkaline (photo) inactivation thus appears essentially similar to other tr¢ at- 
ments, in that it seems to be caused by a solubilization of bound Mn 2+ required for 
the water-splitting enzyme activity. It has been reported [23] that illumination ac- 
celerates the inactivation by Tris and it would be interesting to check whether a 
sensitivity of $2 is implied there too. 

The cause of the specific sensitivity of the $2 state to alkaline inactivation 
remains to be discussed. It does not seem to involve a protein structural change, as 
glutaraldehyde prefixation does not prevent inhibition. However, a structural change 
of lipids, caused by a certain distribution of +charges and entailing exposure of the 
water-splitting enzyme to alkaline attack, may be involved. A similar action on lipid 
rather than on protein structure may explain the comparatively low temperature 
(40 °C) sufficient to cause thermal inactivation of the water-oxidizing system. 

Eventually another hypothesis is that of a direct sensitivity of the twice oxidized 
form to high pH, without involving a structural change: S 2+ + O H -  yielding an in- 
active form. 
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