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Summary 

The redox state of the secondary electron acceptor B of Photosystem II was 
studied using fluorescence measurements. Preillumination of  algae or chloro- 
plasts with a variable number of short saturating flashes followed rapidly by the 
addition of 3-(3,4<lichlorophenyl)-l , l-dimethylurea induces oscillations of the 
initial level of fluorescence. The phase of these oscillations is characteristic of a 
given B/B- ratio in the dark-adapted samples. 

We conclude from our results that  about 50% of the secondary electron 
acceptors are singly reduced in the dark in Chlorella cells, but that  more than 
70% are fully oxidized in the dark adapted chloroplasts. 

Benzoquinone treatment  modifies this distribution in Chlorella leading to 
the same situation as in chloroplasts, i.e. more than 70% of the secondary 
acceptors are oxidized in the dark. 

The same ratio is observed if these algae are illuminated and then dark- 
adapted, unless an artificial donor (hydroxylamine) is added before this illumi- 
nation. In that  case about 50% B- is generated and stabilized in the dark. 

Introduction 

Variable fluorescence is controlled by the redox state of the primary accep- 
to t  and the primary donor of Photosystem II [1,2]. Fluorescence yield is high 
only when both are in a reduced state. In addition, the two following charge 
storage systems modify,  either directly or indirectly, the fluorescence yield: 

(i) The "S"  states, involved in the oxygen-evolving mechanism on the donor 
side, which induce changes of the initial level of fluorescence as well as changes 
in its maximum level [ 3--5 ]. 

Abbreviat ion:  DCMU, 3-(3,4-dichlorophenyl)-l,l-dimethylurea. 
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(ii) The secondary acceptor B (or R) which, after addition of DCMU, induces 
changes of the initial level of fluorescence [6]. 

In the present paper, we analyse the initial level of fluorescence after a 
variable number of preilluminating flashes followed by the addition of DCMU. 
We studied the redox state of the secondary acceptor assuming the following 
hypotheses: 

The charge storage system on the donor side is described according to the 
"S"  state model [7]. Thus only So and S~ are stable in the dark. The ratio 
S~/S0 depends on the biological material studied. 

The secondary acceptor is a 2 electron carrier [8]. It is stable in states B and 
B-; it transfers reducing equivalents to the plastoquinone pool in state B = only. 

The addition of DCMU, which inhibits Photosystem II, changes the relative 
redox potential of Q and B, displacing the equilibrium QB- ¢ Q-B to the right 
[6]. 

Thus, in the absence of DCMU, there are only four possible redox states in 
the dark: SoQB, SoQB-, S1QB, S1QB-. 

Materials and Methods 

Fluorescence induction was detected at room temperature under continuous 
illumination in a 56 pl cuvette to which was connected a mixing apparatus. 200 
~l of both the inhibitor and the sample studied were mixed for each measure- 
ment. The incident light was filtered by two blue Schott  BG 38 filters and the 
emitted fluorescence was detected through complementary filters: Wratten 70 
(k > 650 nm) and Ulano Rubylith. Preillumination was performed with Stro- 
boslave flashes (General Radio, model 1539A) with a 3 ps width at half height. 
All flashes were saturating. Fluorescence induction was followed on a Tek- 
tronix oscilloscope or a CAT 400C. 

Chlorella pyrenoidosa were grown in the usual medium previously described 
[9]. Prior to use, the cells were suspended in 0.1 M phosphate buffer at a final 
chlorophyll concentration of 40 pg/ml. 

Chloroplasts were prepared from market spinach according to the method of 
Avron [10] and stored at --70°C in 0.05 M Tris • HC1 buffer, pH 7.8, contain- 
ing 0.01 M NaC1, 0.4 M sucrose, 1% albumin and 5% dimethylsulfoxide. Prior to 
use they were suspended in 0.1 M phosphate buffer, pH 7, containing 0.4 M 
sucrose, 0.01 M NaC1, at a final chlorophyll concentration of 40 ~g/ml. 

Results 

The procedure is the same for all the experiments discussed in this paper. It 
can be summarized as follows: 

preilluminating 
a l g ~  60" analysis flashes (3,3 Hz) Preilluminated 300 ms sample plus ) 
fchloroplasts~ sample 10- s M DCMU of F i 

Our results were analysed with the aid of two additional hypotheses which 
permit the best fit between the theoretical and experimental curves: A back 
reaction occurs between Q- and $2 and $3 only. This is supported by lumines- 
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cence experiments [ 11]. Since there is a damping in the oscillations we are study- 
ing, as is the case with the oscillations of the oxygen yield for  a series of  saturating 
flashes [7],  we assume that  there are "misses" responsible for these phenomena 
with the same origin, which is consistent with Bouges-Bocquet's results [8]. As 
an example,  the redox successive states resulting from flash excitation of S,QB 
would be: 

dark 
1 flash 
2 flashes 
3 flashes 

initial state state after state after the -- 
addition of DCMU back reactions T 

/ 
$1QB + $1QB quenching states 
S:QB- - -  S E Q - B -  + SIQB I 
S3QB + S3QB --  ± 
SoQB-  - - -  S o Q - B - -  ~ S o Q - B  non quenching state 

Distribution of  B/B-  in Chlorella intact cells in the dark 
As shown in a previous paper [12],  some secondary acceptors are singly 

reduced in the dark. 
Fig. l b  shows that  after addition of DCMU, the initial level of fluorescence 

(Fi) oscillates as a funct ion of the number  of preilluminating flashes with a 
periodicity of 4. These oscillations, 180 ° out  of phase with those due to the 
"S"  states alone [4] are similar to one of the computed oscillations in Fig. la .  
The theoretical  curves, resulting from the interaction between the donor  and 
the acceptor side, differ in their initial B/B- dark ratios. They have been com- 
puted with given values of  S1/S0 ratio and misses (data from Bouges-Bocquet). 
It is assumed that  the reduction of  Q by B- is quantitative after addition of  
DCMU. Thus, changes in F i are mainly due to changes in B/B- ratio after each 
flash. When compared with the experimental  oscillations, they indicate that  

' F i 
( r e l a t i v e  un i t s )  

Io1 

g 
1 2 3 4 

F i 

(relative units) 

Ib} 

o { ~ ~ ~ . 
N u m b e r  o f  p r e i l l u m i n a t i n g  f l ashes  

Fig .  1. O s c i l l a t i o n s  of  the initial level  o f  f luorescence  F i in C b l o r e l l a  after  a v a r i a b l e  n u m b e r  o f  p r e i l l u m i -  

n a t i n g  f lashes  f o l l o w e d  by the addi t ion  of  1 0  -5 D C M U .  (a) T h e o r e t i c a l  o s c i l l a t i o n s  ca lculated  for dif fer-  
ent  fract ions  o f  [ B - l -  using ~ = 22%,  S O = 28%,  S 1 = 7 2 %  (data  f r o m  BougesoBocquet ) .  1 [ B - l -  = 0%;  

2 [ B - l -  = 1 0 0 % ;  3 [ B - l -  = 50%. (b)  A l g a e  dark-adapted  for  1 0  ra in ,  we re  p r e f l l u m i n a t e d  w i t h  a v a r i a b l e  

n u m b e r  o f  s a t u r a t i n g  S t r o b o s l a v e  f l a shes ,  3 0 0  m s  a p a r t .  T h e y  were  then  i n c u b a t e d  for  1 r a i n  i n  t h e  d a r k  

w i t h  1 0  - 5  M D C M U .  T e m p e r a t u r e  = 2 0 ° C .  
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Fig. 2. F i s equence  in Chlorella i n c u b a t e d  in the da rk  in the  p resence  of  10 -2 M N H 2 O H .  O the rwi se ,  the  
p r o c e d u r e  is the s a m e  as in Fig.  l b .  The  F i of  the  d a r k  a d a p t e d  algae var ies  w i t h  the  d a r k  a d a p t a t i o n  t ime  
w h e n  the  cells are f i rs t  i l l umina t ed  w i t h  10 s a tu r a t i ng  f lashes  ( a  3 m i n i  o 5 m i n :  X, 10 rain) .  The  evolu-  

t ion  of  the  0 f lash yie ld  does  n o t  change  the  s u b s e q u e n t  osci l la t ions .  ~, c o m p u t e d  ini t ia l  level o f  f luor-  
escence  of  d a r k  a d a p t e d  algae for  ~ = 19%~ see h y p o t h e s e s  in the  t ex t ,  

about  50% of  the total number  of secondary acceptors are singly reduced in the 
dark. 

If this were the case, one would expect  to observe only very small oscilla- 
tions of periodicity 2, or even no oscillations at all, when the oxygen evolving 
site is replaced by an artificial donor.  This experiment  is shown in Fig. 2 where 
10 -2 M hydroxylamine  is used. As expected,  we observed an oscillation of small 
amplitude of periodicity 2, whose phase indicates a slight excess of B- in the 
dark. 

The F i level of  algae dark-adapted for at least 10 min, is lower than would be 
expected from the phase of the subsequent oscillations. As these oscillations 
have misses (a) of  about  19% (computed from the damping between the 1st 
and the 6th flash), it was possible to compute  the expected level of F i for dark 
adapted algae. Thus, the observed rise of F i between 0 and 1 preilluminating 
flash indicates that  some quenching species which could be different from Q 
(see Fig. 8b) disappear upon illumination. 

When the algae were left for a short time in the dark (3 min) the F i after the 
addition of DCMU was closer to the theoretical value we have computed than 
it is when the time of dark adaptation is increased to 10 min. Therefore,  the F i 
decreases to a limiting value which we take as the F i of dark-adapted algae. 

Distribution o f  B/B-  in spinach chloroplasts in the dark 
Bouges-Bocquet has measured the quanti ty of methyl  viologen reduced by 

System I under flash illumination when the plastoquinone pool is oxidized [8].  
An oscillation of periodicity 2 demonstrates that  in the dark in spinach chloro- 
plasts B/B- >>  1. 

Using Tris-washed chloroplasts with p-phenylenediamine as an artificial 
donor,  Velthuys and Amesz arrived at the same conclusion. When DCMU was 
added after a variable number  of preilluminating flashes, they saw an oscillation 
of a periodicity 2 of the Fi indicating a major fraction of B oxidized in the dark 
[61. 
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F i g .  3 .  F i s e q u e n c e  i n  c h l o r o p l a s t s  w h e n  no  art i f ic ial  d o n o r  is  a d d e d .  (X X), c u r v e  1 :  s a m e  p r o c e d u r e  

as  in  F i g .  l b ;  (o  o) ,  c u r v e  2 : 2  • 1 0  -4  M b e n z o q u i n o n e  is  a d d e d ;  ( . . . . . .  ), F i l eve l  o f  i n  d a r k  
a d a p t e d  c h l o r o p l a s t s  b e f o r e  t h e  a d d i t i o n  o f  D C M U .  

F i g .  4 .  F i s e q u e n c e  in  c h l o r o p l a s t s  in  t h e  p r e s e n c e  o f  1 0  -2  M N H 2 O H .  (X X), c u r v e  1:  s a m e  p r o c e -  

d u r e  as  in  F i g .  l b ;  ( o  o) ,  c u r v e  2 :  c h l o r o p l a s t s  a r e  i n c u b a t e d  5 rain in  t h e  p r e s e n c e  o f  2 • 1 0  - 4  M 
b e n z o q u i n o n e  b e f o r e  the  a d d i t i o n  o f  1 0 -  2 M N H 2 O H .  F m a  x = 9 5 . 5  ( r e l a t i v e  u n i t s ) .  

We checked this distribution with our experimental procedure using both 
untreated chloroplasts where the "S"  states are the .natural donors (Fig. 3, 
curve 1) and chloroplasts with hydroxylamine as an artificial donor (Fig. 4, 
curve 1). Fig. 4 confirms that  there is a large excess of B in the dark. The dif- 
ference between the Fi after one preilluminating flash and the Fmax level indi- 
cates that  part of the secondary acceptors must be reduced in the dark. The 
average number of misses of this sequence is about 12%. 

The sequence shown in Fig. 3, curve 1, peaks on the 3rd and the 7th flashes. 
It is consistent with 100% oxidation of B in the dark 70% oxidation of B, for 
example, would give rise to oscillations which more closely resemble those 
of Fig. l a  (50% oxidations of B). This discrepancy between the analysis of 
Figs. 3 and 4 will be discussed in the last part of this paper. 

This figure shows also that  the addition of the inhibitor induces an increase 
of Fi of about 5% of the variable fluorescence. 

Modification o f  the redox state o f  B in the dark by addition o f  benzoquinone 
A number of properties of algae are modified by benzoquinone treatment.  

Their fluorescence is quenched [13,14], they show fewer misses [15] and the 
permeability of the membranes surrounding the thylakoids is increased. These 
last two properties are shared by untreated broken chloroplasts. As the mid- 
point potential of benzoquinone is 320 mV at pH 7, while it is close to 0 for 
the System II acceptors [16], we at tempted to see if B could be oxidized by 
such treatment.  

Fig. 5, curves 3 and 1, shows the effect of 2 • 10-4 M benzoquinone with and 
without  10 -2 M hydroxylamine.  It shows that  the secondary acceptor has been 
oxidized relative to the situation described in Figs. 1 and 2. It is not ,  however, 
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Fig .  5. F i s e q u e n c e  in  Chlorella t r e a t e d  w i t h  b e n z o q u i n o n e  b e f o r e  f l a sh  i l l u m i n a t i o n  a n d  a d d i t i o n  o f  

D C M U .  (X X), c u r v e  1: cel ls  were  d a r k  a d a p t e d  5 m i n  w i t h  2 • 1 0 - 4  M b e n z o q u i n o n e ;  (~ ~) ,  

c u r v e  2: ce l l s  were  d a r k  a d a p t e d  5 m i n  w i t h  1 0  -3 M b e n z o q u i n o n e ~  (o o) ,  cu rve  3:  cel ls  were  d a r k  

a d a p t e d  5 r a i n  w i t h  2 - 1 0  -4 M b e n z o q u i n o n e  b e f o r e  a d d i t i o n  o f  10  -2 M N H 2 O H .  F m a  x = 107 .  

F ig .  6. F i s e q u e n c e  in  Chlorella w a s h e d  o u t  w i t h  b e n z o q u i n o n e  2 • 10  -4 M. (X X), cu rve  1: ce l l s  

were  i n c u b a t e d  5 m i n  in  t he  d a r k  w i t h  2 • 1 0 - 4  M b e n z o q u i n o n e ;  the  o x i d i z i n g  a g e n t  is  t h e n  r e m o v e d  b y  

c e n t r i f u g a t i o n  a n d  1 0  s a t u r a t i n g  f l a shes  are g i v e n  t o  t h e  a lgae  f o l l o w e d  b y  10  m i n  d a r k  a d a p t a t i o n .  

(u o) ,  cu rve  2:  s ame  p r o c e d u r e  as c u r v e  1. 10  -2 M N H 2 O H  is a d d e d  2 m i n  b e f o r e  p r o c e e d i n g  to  
f l a sh  p r e i l l u m i n a t i o n  f o l l o w e d  b y  a d d i t i o n  o f  D C M U .  

possible to discriminate between a total and a partial oxidation since we are 
faced with the same discrepancy as for chloroplasts (the remaining difference 
between the 1st flash yield and Fma x ). Neither an increase in the incubation 
time nor an increase in the concentrat ion of the oxidizing agent changes the 
amplitude of these oscillations in the presence of hydroxylamine (curve 3). 
However, the oscillations in the absence of an artificial donor  (curve l ) change 
when the concentrat ion of benzoquinone is increased to 10 -3 M. This change 
is shown by curve 2 where the oscillations have still a periodicity of: 4 but  no 
maximum on the 3rd flash. They are similar to oscillations due to the "S"  
states only [3], indicating that  the acceptors are oxidized by benzoquinone 
before the back reaction with the donors occurs. 

We checked to see if the secondary acceptor remained oxidized after wash- 
ing out  the benzoquinone.  Three washings via centrifugation corresponding to a 
dilution 104 times were used. Ten actinic flashes were then given to the algae 
to reduce the benzoquinone in case some of it was bound to  the thylakoi'd 
membrane. After 10 min of  dark adaptation, we performed the experiment  
shown in Fig. 6. The secondary acceptor is still oxidized in the dark. Thus, an 
irreversible change in the redox state of the acceptors has occurred after treat- 
merit with benzoquinone.  

Figs. 3 and 4, curve 2, show the effect of benzoquinone t reatment  on chloro- 
plasts, which causes no further  oxidation of B. Use of 10-4M ferricyanide, 
produces the same result (not shown). It was thus not  possible to destroy the 
remaining quenching revealed by one preilluminating flash in the presence of 
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Fig.  7. E f f e c t  o f  the  a d d i t i o n  of  10  --4 M ferr i cyan ide  and  2 • 1 0  --4 M b e n z o q u i n o n e  on  the  i n d u c t i o n  o f  
f l u o r e s c e n c e  o f  c h l o r o p k a s t .  (~ G), 1 0  -S  M D C M U ;  h a l f - t i m e  = 2 2 . 5 .  (~  ~ ) ,  1 0  - 4  M ferr icya-  
h ide .  ( e  =) ,  2 • 1 0 - 4  M b e n z o q u i n o n e .  Ha l f - t ime  = 3 0  ms.  There  is an increase  of  a b o u t  30% of  the  

h a l f - t i m e  o f  t h e  f l u o r e s c e n c e  rise in t h e  p r e s e n c e  o f  the  o x i d i z i n g  agents .  ( T h e  curves  are n o r m a l i z e d  to  the  
s a m e  variable f l u o r e s c e n c e ) .  

hydroxylamine either in Chlorella cells treated with benzoquinone or in chloro- 
plasts. 

Nevertheless, benzoquinone as well as ferricyanide slow down the fluores- 
cence induction curves of chloroplasts in the presence of  DCMU (Fig. 7). These 
treatments increase by 30% the half-time of the fluorescence rise which is con- 
sistent with Joliot's previous results [17] but less then the 100% increase 
reported by Ikegami [18].  

4O 

x 

C / / ~ ~F, (do r k l ~ ' &  

5 I 0  t ( r n i n l  D 

1 

o i ~ ~ 4 ~ -- 
Number o f  p r e i L L u m i n a t l n g  f l a s h e s  

Fig.  8 .  E f f e c t  o f  an i l l u m i n a t i o n  b y  1 0  ac t in ic  f lashes  f o l l o w e d  b y  a variable t i m e  o f  darkness  b e f o r e  the  
p r o c e d u r e  o f  f lash i l l u m i n a t i o n  f o l l o w e d  b y  a d d i t i o n  o f  D C M U .  (a) The  i l l u m i n a t i o n  is g iven in t h e  pres- 
e n c e  o f  1 0  - 2  M N H 2 O H  f o l l o w e d  b y  1 0  m i n  o f  darkness .  T h e  s a m e  p r o c e d u r e  as in Fig.  l b .  A b o u t  50% of  
B -  has  b e e n  g e n e r a t e d .  Curve 1 : 2  • 10  - 4  M b e n z o q u i n o n e .  Curve 2 : 2  • 1 0  - 4  M b e n z o q u i n o n e  w a s h e d  
o u t  via e e n t r i f u g a t i o n .  (b )  T h e  i l l u m i n a t i o n  is g iven in the  a b s e n c e  o f  N H 2 O H .  T h e  F i l eve l  o f  d a r k - d a p t e d  
algae decreases  in the  first 1 0  m i n  o f  darkness .  T h e  s u b s e q u e n t  osc i l la t ions  ( n o t  s h o w n )  are n o t  c h a n g e d ,  
i .e . ,  t h e  r e d o x  s tate  o f  B is n o t  m o d i f i e d  b y  this  i l l u m i n a t i o n .  (4  A), Chloroplas ts .  (-" e ) ,  Chloro-  
plasts  t r ea ted  w i t h  2 • 1 0  -4 M b e n z o q u i n o n e .  (o o) ,  Chlorcl la  t r ea ted  w i t h  2 • 1 0 - 4  M b e n z o q u i -  
n o n e .  (L ~ ) ,  Chlorel la  w a s h e d  o u t  w i t h  2 • 1 0 - 4  M b e n z o q u i n o n e .  
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Effect of  an illumination in the presence of hydroxylamine 
Algae treated with benzoquinone were illuminated by 10 flashes in the 

presence of 10 -2 M hydroxylamine.  After 10 min of dark adaptation we per- 
formed the experiment of flash preillumination followed by the addition of 
DCMU. Fig. 8a shows that  about half the secondary acceptors are now singly 
reduced in the dark adapted samples (cf. with Fig. 6). When the dark incuba- 
tion time was increased to 30 min, the results were the same. This effect is 
similar to that  described by Bennoun and Li [19]. They preilluminated with 
continuous light chloroplasts which had been treated with hydroxylamine.  
After dark incubation times of 5 and 40 min, they observed the same reduced 
area between the fluorescence induction curve and its Fma x asymptote. 

Thus, when the natural donors are replaced by hydroxylamine,  an illumina- 
tion irreversibly changes the redox state of the secondary acceptors. This does 
not  happen in the absence of hydroxylamine,  i.e., when the "S"  states can 
interact with the acceptor side. In this case, only the Fi decreases to a limiting 
value reached after 10 min of dark adaptation (Fig. 8b). There are no changes 
in the subsequent oscillations (not shown), which indicate that  the redox state 
of B has not  been modified. 

Discussion 

The experiments described in this paper allowed us to study the redox state 
of the secondary acceptor without  having to modify the donor side. This made 
it possible to verify several hypotheses proposed in the recent years concerning 
the characteristics of the two charge storage systems and the action of inhib- 
itors like DCMU. 

The mere comparison between the phase of the experimental oscillations in 
the absence of an artificial donor and that  of the oscillations computed for vari- 
ous B/B- ratios permits us to estimate the redox state of the secondary accep- 
tor. This estimated B/B- ratio is then approximately confirmed by the oscilla- 
tions of a period 2 obtained with hydroxylamine as an artificial donor. 

In Chlorella the inhibitor closes about half of the centers, those which are 
linked to acceptors in the state QB-. The subsequent acceleration of the induc- 
tion curve has been shown by Joliot and Joliot [17] in an experiment which is 
in fact an independent proof of the 50% B- found in the dark adapted algae. 
They observed a decrease of about 50% of the half-time of the fluorescence 
induction rise at low temperature after the addition of DCMU. It is now clear 
that  in addition to the inhibition of electron transport between Q and B due 
to the lowering of temperature, DCMU closes about half of the centers, i.e., 
that  there is about 50% B- in the dark. 

The B/B- ratio in Chlorella is very different from that  of spinach chloro- 
plasts, since the latter contains a major fraction of oxidized B. We therefore 
tried to induce changes in the redox state of the secondary acceptor. Benzo- 
quinone has the ability to oxidize the acceptors in Chlorella cells placing B in 
the same redox state as in chloroplasts. 

Two conditions seem to control the changes in the B /B- r a t i o  from 1 
(Chlorella, intact cells) to more than 2.3 (Chloroplasts, Chlorella treated with 
benzoquinone). 
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The loss o f  an endogenous reductant 
Since the outer  membranes of the chloroplasts are damaged during prepara- 

t ion, it is likely that  the chemical composit ion of the interthylakoid space is 
modified. It is then possible that  an endogenous reductant  is lost at that  time. 

In Chlorella benzoquinone may oxidize this endogenous reductant  or B 
directly.  In any case, this t rea tment  produces exactly the same fraction of 
oxidized secondary acceptors as in chloroplasts. 

The integrity o f  the donor side 
When chloroplasts or algae treated with benzoquinone are illuminated and 

then dark adapted for 10 min, the addition of  DCMU reveals that  they still 
contain a high ratio of B/B-. On the other  hand, about  half of the centers con- 
tain B- if hydroxylamine is added before the preillumination. This shows that  
once B is singly reduced it is stable unless reoxidized by a pathway involving 
the " S "  states. 

We computed  the average misses from the oscillations observed in the pres- 
ence of  hydroxylamine,  with algae or chloroplasts. This leads to values 
of 19% for Chlorella cells, 12% for chloroplasts, 13% for quinone treated 
algae. These results are consistent with the values computed  from oscillations 
in the oxygen field for a series of  saturating flashes [11,20].  Thus the similar- 
ity in the percentage of misses seen in the oscillations due to the donors and 
the acceptors successive states, make it likely that  the mechanism responsible 
for the damping is common to both sides of the chain. 

With reference to Lavorel's analysis of damping phenomena [21],  our results 
favour unconservative misses rather than conservative ones. The latter would 
induce differences between the damping of the oscillations due to the acceptor 
and to donor  side activities. 

It is of interest to note that  this computat ion of misses is done on oscilla- 
tions produced by 10 -2 M hydroxylamine treated chloroplasts or algae. As mis- 
ses from the donor  side are computed  without  an artificial donor,  it is likely 
that  the photochemical  primary reaction has the same efficiency with and 
wi thout  hydroxylamine.  

There is a good agreement, in Chlorella, between experiments done in the 
presence and in the absence of hydroxylamine.  In both cases, we conclude that  
there is about  the same proport ion of B q and B in the dark. However, the case 
of  chloroplasts is different.  When the " S"  states are the natural donors, F i 
peaks after the 3rd and the 7th flashes of  preillumination which is consistent 
with 100% of  B oxidized in the dark. The addition of hydroxylamine should 
then lead to the reduct ion of about  90% of  the primary acceptors on the first 
flash (for ~ = 10%). This was not  observed. After one preilluminating flash, 
there remains about  30% of  the total area, bounded by the fluorescence induc- 
tion curve and its Fmax asymptote  [22,23].  

Several observations are consistent with a partial reduct ion of B in dark 
adapted chloroplasts: 

A rise of  F i representing about  5% of  the variable fluorescence is observed 
after the addition of DCMU to chloroplasts. This should be produced by some 
B- which is stable in the dark and which is sensitive to the action of  DCMU. 

When the low temperature  experiment  of Joliot  and Joliot  (described 
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Fig.  9. C o m p u t e d  osc i l la t ions  of  the  ini t ia l  level o f  f l uo re scence  us ing  the  fo l lowing  h y p o t h e s e s :  In  th is  

e x a m p l e ,  there  are in the  d a r k :  100% S 1 , 12% c~ and  B / B -  = 4 20% double  h i t s  (~) o c c u r  on the  f i rs t  f lash.  
T h e y  involve  an aux i l i a ry  a c c e p t o r  w i t h  the  s a m e  q u e n c h i n g  p r o p e r t i e s  as Q1,  h u t  t h e y  do  n o t  a f f e c t  the  
o x y g e n  e v o l u t i o n  ( i .e . ,  t h e  " S "  s t a t e s  s e q u e n c e ) .  T h i s  p r o d u c e s  o s c i l l a t i o n s  w h i c h  h a v e  a p h a s e  s im i l a r  t o  

t h a t  r esu l t ing  f r o m  B, 100% o x i d i z e d  in the  da rk .  T h e y  are p r o d u c e d  by  the  s u p e r i m p o s i t i o n  o f  a change  

b e t w e e n  t h e  q u e n c h i n g  s t a t e  o f  d a r k  a d a p t e d  a n d  i l l u m i n a t e d  c h l o r o p l a s t s  ( . . . . . .  ) a n d  o sc i l l a t i ons  d u e  
t o  8 0 %  o x i d i z e d  B in t h e  d a r k  ( . . . . .  ). 

already in the first part of this section) is performed on chloroplasts, it yields 
a half-time of  fluorescence rise up to 40% faster [17] after addition of  DCMU. 
Therefore, some centers blocked at low temperature must be linked to a singly 
reduced secondary acceptor revealed by the action of  DCMU. 

If a change in Fi between dark-adapted and illuminated algae is superim- 
posed on oscillations corresponding to 70% B and 30% B- in the dark, we 
expect,  in the absence of hydroxylamine,  oscillations which peak on the 3rd 
and the 7th flash as shown in Fig. 9. 

This change in Fi may involve an auxiliary acceptor  with the following char- 
acteristics: (a) at least part of  this auxiliary acceptor is oxidized in the dark; (b) 
it is reduced on the first flash in addition to the main acceptor Q; {c) it is 
reoxidized within 10 min of darkness thus protected from rapid reoxidation via 
$2 or $3. 

(a) and (b) are consistent with Joliot  and Joliot 's results [24],  (c) gives a life 
time similar to that found by Diner [25] with Tris-washed chloroplasts. 

However, partial contribution of other phenomena to the remaining quench- 
ing in chloroplasts and in quinone-treated algae, after one preilluminating flash 
in the presence of  hydroxylamine,  cannot be excluded. They are based on the 
following hypothesis:  

(i) The equilibrium constant between QB- and Q-B, which is about  18 [26],  
might be changed after addition of DCMU without  becoming infinite. Thus a 
fraction of  the secondary acceptors would remain singly reduced in the pres- 
ence of  the inhibitor. This hypothesis would also explain why the amplitudes 
of  the oscillations presented in this paper are surprisingly small although their 
phase fit with our theoretical model. This is expected if only a fraction of  the 
centers linked to QB- is involved in the oscillations. 

(ii) There might be two types of  centers both  of  which are blocked by 
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DCMU, one where Q is linked to B and the other where electron transfer after 
Q bypasses B. These are then not sensitive to the action of DCMU on QB equi- 
librium. 

However, it will not be possible to evaluate the relative contribution of 
hypothesis (i) and (ii) to the quenching properties of Photosystem II in the 
presence of DCMU until better characterisation of a possible auxiliary acceptor 
is provided. 
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