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S u m m a r y  

The modif ica t ion  of  the trapping propert ies  for oxidizing equivalents 
(holes) within the waterspli t t ing enzyme system Y by chemicals (ADRY 
agents) has been investigated. It is shown: 

(1) The ADRY agents decrease significantly the storage life t ime of  
the higher t rapped  hole accumulat ion states. 

(2) The acidic NH- or OH-group is a funct ional  indispensable e lement  
for substances to be able to act as ADRY agents. 

(3) The trapping efficiency of  the waterspli t t ing enzyme system Y for 
holes is no t  correlated with the t ransmembrane electrochemical  gradient.  

(4) As electron donor  for the discharge of the t rapped holes acts an 
andogeneous  carrier o f  the electron t ranspor t  chain located ei ther  
be tween  the pho tosys tems  I and II respectively or on the reducing side of  
system I. A special electron donor  is no t  required for the ADRY effect .  

Based on these propert ies  of  the ADRY effect  the nature of  the traps 
for the storage of  holes within the waterspl i t t ing enzyme system Y is 
discussed. 

Copyright �9 1973. Plenum Publishing Company Limited. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, 
mechanical, photocopying, microfilming, recording or otherwise, without written permission of 
Plenum Publishing Company Limited. 
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Introduct ion 

Within the photosynthetic electron transport chain of the photo- 
autotrophic organisms the watersplitting enzyme system Y plays a 
central role, since it allows the use of water as the natural electron source 
for the reduction of NADP +. From the work of Joliot  et al [1] and of 
Kok et al [2] two essential properties of this system Y were unequivo- 
cally proved: 

(1) In respect to the cooperation of four positive charges which is 
required for the wateroxidation to molecular oxygen the systems Y 
act as functionally independent units. 

(2) Each watersplitting enzyme system Y has its own trapping device 
which allows the accumulation of positive charges by sequential 
events until after the storage of four positive charges the water- 
oxidation takes place. 

In the following these stored charges are designated as trapped holes [3]. 
Because of its functional role the trapped holes can be suggested as to 

be the chemical intermediates for the photosynthetic wateroxidation. 
The reactivity of the trapped holes is unequivocally determined by the 

nature of their traps. In the photosynthetic watersplitting enzyme 
system Y two different reaction types of the trapped holes can be 
generally distinguished: 

(a) The fast (r�89 < 10 -3 s [4, 5] ) cooperative reaction of four trapped 
holes with water leading to the evolution of molecular oxygen 

4 | + 2 H 2 0  -+ 4 | + 4 H § + 02 (1) 

This formulation does not imply the detailed mechanism of the 
charge cooperation [6]. 

(b) The slow (r�89 > 1 s, s. ref. 7-9) discharge reactions of the trapped 
holes 

| + e ~ �9 

A variation of the properties of the traps by a chemical or physical 
effector should imply a definite change of this reaction behaviour. 

Hence, information about the nature of these trapped holes should be 
obtainable if one could modify the traps in a well defined way. This 
analysis can be performed in two steps: 

(1) One has to search for suitable tools for the variation of the traps. 
(2) Then from the properties of these tools it should be possible to infer 

on the nature of the traps itself. 
Recently it was found, that in chloroplasts the trapped holes can be 
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destabilized by a number of substances [10-13]. This effect has been 
called the ADRY effect [12]. 

Joliot  et al [1] and Kok et al [2] have shown, that the states $1, S~ 
and S 3 which represent specific accumulation states of the trapped holes 
are characterized by different life times. The state $1 is very stable in 
comparison to $2 and $3. Therefore, firstly the question arises, in which 
way the ADRY agents influence the stability of the various trapped holes 
accumulation states. 

Secondly, in the next step of our consideration we will look for a 
possible mechanism of the ADRY effect and for the nature of the traps. 

Materials and Methods 

Preparation of  Chloroplasts 

The chloroplasts were prepared according to the method of Winget et al 
[14],  except that 10-2M ascorbate were present during the grinding of 
the spinach. For the storage in liquid nitrogen 5% dimethylsulfoxid was 
added. After thawing, the activity of the stored chloroplasts was nearly 
the same as for freshly prepared chloroplasts. 

Reaction mixture 

The reaction mixture, except that for Fig. 1 (this mixture is given in 
the legend of Fig. 1), contained chloroplasts (5.10-SM chlorophyll), 
10-4M K~[Fe(CN)6I +10-4M K4[Fe(CN)6] as electron acceptor, 
10-2M KC1, 2.10-3M MgC12,2.10-2M MES-buffer, pH = 6.5. 

J~leasure m e n  t s  

The deactivation of the active states in the watersplitting enzyme 
system Y described in Fig. 1 was analyzed in cooperation with B. 
Bouges-Bocquet in the same way as is described by Joliot  et al [1].  For 
the measurements of the oxygen yield of each flash the highly sensitive 
oxygen polarographic method developed by Joliot  [ 15, 16] was used. 

The other oxygen measurements (Fig. 3-5) were performed with a 
Clark-type electrode (IL 125 B Instrumentation Laboratory Inc., Water- 
town) by a repetitive technique as is described in ref. 12. For the flash 
lamp device see ref. 17. The absorption change at 704 nm was measured 
with a repetitive flash spectroscopic technique similar to that published 
in 1. c, 18. 256 signals were averaged in a FABRI-TEK 1072. The 
electrical bandwidth ranged from 0-30 kHz. The DC component was 
eliminated by a suitable compensation. 

The optical path length was 1 mm, the band-width of the monitoring 
light (X = 704 nm, intensity < 50 erg.cm-~.s -1) was 5 nm. The exciting 
flashes (20/Is duration) were passed through a Schott filter BG 28. 
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The Preparation of the N-methylederivatives of  2-anilino- 3,5-dinitrothio- 
phenes 
by  Dr.  K. H. Bfichel  

The  synthes is  o f  A D R Y  agents  o f  t he  2 - a n i l i n o - 3 , 5 - d i n i t r o t h i o p h e n e  
t y p e  I has b e e n  a l r eady  desc r ibed  e l sewhere  [ 2 2 ] .  A t t e m p t s  to  p r epa re  
the i r  N - m e t h y l d e r i v a t i v e s  II  us ing C H a J  u n d e r  a lkal ine  c o n d i t i o n s  or  via 
the  s o d i u m  salts o f  I fai led,  poss ib ly  because  of  d i f f e r e n t  t a u t o m e r i c  
f o r m s  of  s t ruc tu re  I, w h i c h  exis t  at pH-ranges  ~ 8 (s. ref .  22).  H o w e v e r ,  
the  m e t h y l a t i o n  w i t h  d i a z o m e t h a n e  in e ther  p r o v e d  to  be  a sui table  
p r o c e d u r e :  

NO2 NO2 

O2 N - -  C H z N 2 / e t h e r >  02  N - -  

H CH 3 

I II 

i I  a R x = 3 ' , 4 ' - C 1 2  
c R x = 3 ' - C 1 , 4 ' - C F 3  

b R x = 4 ' - C 1  
d R x = 3 , 5 - ( C F 3 ) 2  

Experimental: 
2-(N-methyl-3', 4'-dichloroanilino)-3,5-dinitro-thiophene (IIa) 

3,3 g 2-(3P.,4'-dichloroanilino)-3,5-dinitro-thiophene [22] are dispersed in 50 ml of 
dry ether in an open flask. Under stirring 50 ml of a freshly prepared solution of 
diazomethane in ether are added. After 50 rain of stirring the precipitate is filtered of 
and recrystallized from acetonitrile, yielding 2,3 g (66% of theory) of IIa, pale yellow 
solid, m.p. 202-204~ CuHTClaN304S (348,2) 

Calc. :C 37.7 H 2.0 N 12.0 
Found : C38.5 H 2 . 1 N  12.0 

UV: Xn~ 251 nm, 400 nm (log e 4.20 and 4.24) 
IR: Thiopenic CH-stretching vibr. 3106 cm -1 asym. and sym. NO2-stretching vibr. 
1535 and 1352 cm -1 thiophenic and arom. C-H out of plane deformation vibr. 
830 cm -a, 755 cm71and 728 cm -1. 
In an analogous manner, the following N-methytderivatives have been prepared: 

2-(N-methyl-4'-chloroanilino)-3,5-dinitro-thiophene (Ilb) = NMANT 2a 
IIB: m.p. 155-157~ 
CxIHsC1NaO4S (313.7) 

Calc. : C 42.1 H 2.5 N 13.4 
Found : C 4 2 . 3 H 2 . 6 N  13.3 

UV: )kma x 254 nm. 398 nm (log e 4.26 and 4.22) 
IR: Thiopenic stretching vibr. 3104 cm -1 

NO2 stretching vibr. 1535 cm -1 and 1348 cm -1 
C-H out of plane deformation vibr. 836 cm -1 and 720 cm -1. 
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2-(N-rnethyl-3'-chloro-4'-trifluoromethyl-anilino)-3,5-dinitrothiophene 
(IIc)= NMANT 2p_ 
IIc: m.p. 137-139~ 
C12Ha C1F3NaO4S (381.7) 

Calc. : C 37.8 H 1.8 N 11.0 
Found : C 3 7 . T H 1 . 8 N  10.8 

UV: kmax 248 nm, 402 nm (log e 4.21 and 4.27) 
I R: Thiophenic stretching vibr. 3 t 05 cm- 1 

No 2 stretching vibr. 1535 and 1345 cm -x 
C-H out of plane deformation vibr. 830 cm -1 and 720 cm -1 

2-(N-methyl-3',5'-ditrifluoromethyl-anilino)-3,5,dinitrothiophene (lid) 
IId: m.p. 155-157~ 
Ca 3H7 F6N304 S (413.3) 

Calc. : C 38.5 H 1.7 N 10.1 
Found :C 37.8 H 1.8 N 9.8 

UV: Xmax 251 nm and 394 nm (log e 4.20 and 4.24) 
IR: Thiophenic stretehing vihr. 3110 cm- 1 

NO~ stretchingvibr. 1535 cm-land 1340 cm -a 
C-H out of plane deformation vibr. 845 cm -1, 728 cm-iand 702 cm -a 

Results and Discussion 

The discharge of  the different trapped hole accumulation states in the 
watersplitting enzyme system Y by ADR Y agents 

Exper iments  to clar i fy the effect  of  the A D R Y  agent A N T  2p on the 
d i f ferent  accumula t ion  states of the t r apped  holes were carried ou t  in 
coopera t ion  wi th  B. Bouges-Bocquet .  The ob ta ined  results  are dep ic ted  
in Fig. 1 (s. ref. 19). In the upper  par t  of  the semilogar i thmic  p lo t  the  
decay of  the oxygen  yie ld  Y1 of  the first flash in a short  flash sequence 
after  two pre i l lumina t i0n  flashes, which is p ropo r t i ona l  to $3, is shown 
in the absence and in the  presence of  1 0 - 6 M  ANT 2p. 

In the  lower par t  of  the figure the  same curves are d rawn for the  
oxygen  y ie ld  Yz of  the second flash in the sequence af ter  one flash 
pre i l luminat ion .  This represents  the decay of  $2. 

By compar i son  one can see that  the A D R Y  agent A N T  2p accelerates  
the decay  of $2 and $3 by  near ly  the same degree. A similar effect  for Sa 
was no t  found  (unpubl i shed  results)  indica t ing  tha t  S~ is s t rongly  
di f ferent  in its na ture  compared  to $2 and $3. This is in agreement  wi th  
recent  results  for the r edox  po ten t i a l  of  the equi l ibr ium S o ~ Sa [20] .  
Up to now we have discussed which accumula t ion  states of  the  t r apped  
holes are changed by  the A D R Y  agents in their  s tabi l i ty ,  i.e. we have 
character ized the ac t ion  of the A D R Y  agent tool .  Now it remains  to 
gather  f rom the phys ica l  and chemical  proper t ies  of  the A D R Y  agents on  
the na ture  of  the traps.  
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Figure la  (top). Oxygen yield of the first flash Y1 in a sequence of short  flashes as 
a funct ion of the time At between the flash sequence and the second flash of two 
preillumination flashes in chloroplasts. 

The time between the two preillumination flashes was 160 ms in the presence of  
ANT 2p and 320 ms in its absence. Between the flashes of the sequence also a t ime 
of 160 ms was used in the presence of A N T 2 p  and 320 ms in its absence. 
Chlorophyll concentrat ion of the chloroplasts suspension: 4.10-4M. The buffer  
solution flowing through the cuvette contained: 10-4M NADP + and 5.10-VM 
ferredoxin as electron acceptor, 0,4 M saccharose, 10-2M NaC1, 5 .10-2M Tris-HC1- 
buffer,  pH = 7,5 The ANT 2p content  of the buffer  solution is indicated in the 
figure. 

Other experimental conditions are as described in Materials and Methods. 
Ordinate: logarithmic. 
Figure lb  (bot tom).  Oxygen yield of  the second flash Y2 in a sequence of short  

flashes as a funct ion of the time At  between the flash sequence and one 
preil lumination flash in chloroplasts. Experimental  conditions are as in Fig, la. 

Ordinate : logarithmic. 
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The Properties of the ADR Y Agents 

The ADRY agents so far known are compiled in Fig. 2. All of these 
substances are characterized by an acidic NH- or OH-group [2]-23] and 
by the presence of delocalizable 1r -orbitals favoring the solubility of the 
negatively charged anion form in low dielectric media [24]. Because of 
these properties the ADRY agents act in biological systems as more or 
less potent uncouplers of phosphorylation and are proton translocators 
across artificial and biological membranes [25-27]. 

X 

N-= Cc =N_N_ ~ CARBONYLCYANIDE - PHENYL- 
N--- C H ~ HYDRAZONES 

R X 
o--'c 

~C=N -N - < ( 0 > :-ACYL ct - CYANOCARBONYL- 
NEC ~ ~ /  PHENYLHYDRAZONES 

. NO t X 
~ .  . ~ 2-ANILINO-3,5-DINITROTHIO- 

02N" ~ PHENES 

O~N, 
H O - ~ - N O  2 NI TR OPHENOL S 

X Y 

IND OPHENOL S 

Figure 2. Compilat ion of the ADRY agents. The ADRY-effect  o f  the different  
substances has been described in: Carbonylcyanidephenylhydrazones :  ref. 3, 10, 11,42 
a-Acyl 0~cyanocaxbonylphenylhydrazones:  G. Renger (unpublished) 
2-Anil ino-3,5-dinitrothiophenes:  ref. 3, 6, 12, 30 
Nitrophenols :  ref. 13, 30 
Indophenols :  ref. 13 
X, Y = Subst i tuents  of the ~ o m a t i c  or chinoidic rings (e.g. --C1 or --CF 3 ) 

The Role of the Acidic Proton for the ADR Y effect 

By comparison of the pK-values of 2-anilino-3,5-dinitrothiophene- 
derivatives and carbonylcyanidephenylhydrazones with the power of any 
ADRY effect induced by these substances the conclusion has been drawn 
that the acidic NH-group is an important functional element [12]. The 
role of an acidic NH-group for the activity of biological effectors was 
clearly shown by the use of N-methylderivatives for different uncouplers 
[28] and inhibitors [29].  Hence, by the use of N-methylderivatives of 
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A D R Y  agents it should be possible to decide whether  the acidic p ro ton  is 
a functional  indispensable element for substances acting as A D R Y  agents 
[301. 

In  Fig. 3 the effect of two N-methylderivatives of  2-anilino-3,5- 
dini trothiophenes (s. Materials and Methods) on the relative average 
oxygen yield per flash ~ (td) (s. ref. 12) is compared  with the act ion of  
the corresponding acidic NH-group derivatives. 

The results clearly show, that the A D R Y  effect cannot  be induced by  
substances which do not  contain an acidic proton.  The next step in our 
consideration is to look for a possible role of the uncoupling activity of  
the A D R Y  agents. 
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Figure 3. Relative average oxygen yield per flash ~(td) as a function of the time t d 
between the flashes. 

The addition of the 2-anilino-3,5-dinitrothiophene-derivatives (10-6M) is as 
indicated in the figure. 

Other experimental conditions are as described in Materials and Methods. 

Comparison between the Electrochemical Ion Gradient across the 
Thylahoid Membrane and the Stability of  the Trapped Holes 

It is well known,  that  by  the light reactions a p ro ton  gradient [31, 32] 
and an electrical field [33] axe established across the thylakoid 
membrane.  These t ransmembrane phenomena  could influence the 
stability of the trapped holes. In  Fig. 4 the effect of  a number  of  
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uncouplers on the relative average oxygen yield per flash indicating the 
ADRY effect is compared with the stimulating effect of these agents on 
the Hill reaction rate which is a measure for the uncoupling activity 
[34]. The results show, that in respect to the ADRY effect two different 

s ,o-6,., 

?, ,~ ideM rd~ Ai r 's  
,:, ~ , ,~, ,o, ,oo t 1 L I L l l t ~ ,,,-o,-,,,~,d,,, I 
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~1~ ~ 

"~ ~ * \  \ l 2 3 s 

t i m e  t d b e t w e e n  t h e  f l a s h e s  

Figure 4. Compar i son  be tween  the A D R Y  effect  and the uncoup l ing  activi ty for 
d i f ferent  subs tances .  

Left :  relative average oxygen  yield per  flash ~P(td) as a f unc t i on  of  the  t ime  t d 
be tween  the flashes. 

Exper imen ta l  condi t ions  are as descr ibed in Materials and Methods .  
Ordinate :  logar i thmic.  
Right:  Hill-reaction rate in the presence of  uncouple rs  related to the  Hill-reaction 

rate o f  the  control .  
Exci ta t ion:  con t i nuous  whi te  light, sa tura t ing  in tens i ty .  
Other  expe r imen ta l  condi t ions  as above men t ioned .  

Act ivi ty  o f  control :  110 eq uiv" O2 
MChl �9 h 

types of uncouplers can be distinguished. One class of uncouplers 
(anilinothiophenes, carbonylcyanide-phenylhydrazones) is able to induce 
an ADRY effect, the other class (ammonium-type, gramicidin) does not 
destabilize the trapped holes. In this respect it is very interesting to note 
the results of Hardt and Malkin [35] who found that the luminescence 
emission of isolated chloroplasts stimulated by organic solvents (meth- 
anol) was totally inhibited by the ADRY-type uncouplers CCCP or 
FCCP, but was not influenced by the uncouplers gramicidin, valino- 
mycin, NH 4C1 or atebrine. It is now well established, that the delayed 
luminescence of chloroplasts and algae is strongly related to the 
oxidizing side of System II [1, 36]. Recently we found a strong decrease 



500  G. RENGER, B. BOUGES-BOCQUET AND KARL-HEINZ BUCHEL 

of the delayed luminescence in the presence of the ADRY agent ANT 2p 
[ 19]. Hence, the inhibition of the organic solvent triggered luminescence 
by the ADRY-type uncouplers is explainable in the light of the ADRY 
effect. The action of the different uncouplers on the triggered 
luminescence is in agreement with the results presented here for the 
destabilization of the trapped holes. 

The fact, that not all types of uncouplers act as ADRY agents leads to 
the conclusion, that the proton gradient across the thylakoid membrane 
is not directly related to the trapped hole stability. 

In respect to a possible influence of the electrical field on the stability 
of the trapped holes it has been found recently, that pure ionophores 
(nonactin) do not exert an ADRY effect [6].  Hence, it can be inferred, 
that the nature of the traps within the watersplitting enzyme system Y is 
not significantly influenced by the electrochemical transmembrane 
gradients. 

The Electron Donor for the ADR Y Effect 

For the discharge of the trapped holes electrons are required. The 
electron donor for the natural discharge reactions is unknown [1, 2]. 
For the ADRY agent induced enhancement of the deactivation rate of 
the trapped holes generally two possibilities can be discussed: 

(a) The ADRY agents act as irreversible electron donors which 
directly discharge the trapped holes. 

(b) The ADRY agents build up a shunt between reduced components 
in the electron transport chain and the traps of the holes located 
in the watersplitting enzyme system. 

It has been shown earlier that the first mechanism can be excluded for 
stoichiometrical reasons [6],  so that only mechanism (b) has to be 
considered. From fluorescence measurements the conclusion has been 
drawn, that the ADRY agent ANT 2p really induces an electron cyclic 
flow in chloroplasts [19].  In this respect the question arises whether this 
cycle includes both  photosystems or whether this cycle is restricted to 
system II. This problem can be answered by investigations of the 704 nm 
absorption change, which is a measure for the electrons flowing from 
system II through system I [37-39]. 

In Fig. 5 the amplitude of the 704 nm absorption change at different 
times t d between the flashes is compared with the corresponding relative 
average oxygen yield per flash. As can be seen, the oxygen evolution 
dramatically decreases between 100 ms and 1 s, whereas the 704r im 
absorption change is practically not changed. If on the other hand the 
electron f low-e i ther  in the absence (s. ref. 40) or in the presence of 
ADRY agen t s - f rom system II is suppressed by DCMU, the 704 nm 
absorption change is strongly inhibited. The small remaining'amplitude 
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Figure 5. Comparison between the relative average oxygen yield per flash ~(Td) 
and the relative adsorption change at 704 nm as a funct ion of the time between the 
flashes in the presence ot 10 -6 M ANT 210. 

Experimental  conditions are as described in Materials and Methods. 

characterized by a very slow kinetics may be caused by another 
bleaching process [41]. 

Thus from the results of Fig. 5 an ADRY agent induced cycle around 
system I can be excluded. Hence, these results provide evidence for an 
ADRY agent mediated cycle including both photosystems. Earlier similar 
results were obtained for CCCP [42].  But recent experiments with 
system I inhibitors [43] show, that the system I activity is not an 
indispensable prerequisite for the ADRY effect [44]. In addition Vater 
[45] has shown that there exist ADRY agents which induce a cyclic 
electron flow including only the plastoquinone pool, but not system I. 

From these results it can be inferred, that a special electron donor of 
the electron transport chain is not required for the ADRY effect. 

The Nature o f  the Traps and the Mechanism of  the ADR Y Effect 

The functional importance of the manganese for the oxygen evolving 
system is well known [46-48]. Hence, it has been postulated, that 
manganese is the central part of the traps [49-51]. Essential for the 
storage efficiency of these traps is the potential barrier surrounding the 
manganese center. The chemical components building up the barrier and 
their structural organization is not known, but the high sensitivity 
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Figure 6. Scheme of a matrix array of the electron transport chains within the 
thylakoid membrane. 

Upper part: top view. 
Lower part: side view. 
The negative and the positive charges represent the primary electron acceptor and 

the primary electron donor of both light reactions respectively. 
E = energy barrier between the system I--acceptor side of one array of electron 

transport chains (connected by a common plastoquinone pool) with the donor side 
of system II of a contiguous array of electron transport chains. 

W = potential wall surrounding the storage device of the holes within the 
watersplitting enzyme system Y. 

A represents the back reaction of system II. 
B symbolizes an artificial intra-transport-ehain induced by ANT 2p. The electron 

donor for this cycle is located between plastoquinone and P 700. 
C aymbolizes an artificial inter-transport-chain across the barrier E induced by 

ANT 2p. 
The intermetiates between the light reactions and the plastoquinone pool (e.g. 

plastocyanin) are omitted in the scheme. 

against  d e n a t u r a t i o n  t r e a t m e n t s  [52-55]  favors  the  a s s u m p t i o n  of  
p r o t e i n a c e o u s  c o m p o n e n t s .  In  the  f o l l o w i n g  the  above  m e n t i o n e d  
p o t e n t i a l  bar r ie r  wi l l  be  des igna ted  as the  wal l  W. Hence ,  t he  t rap 
p rope r t i e s  are d e t e r m i n e d  by the  cen t ra l  manganese  and  the  wal l  W. 

I t  is a s sumed  here  tha t  the  A D R Y  agents  m o d i f y  the  w a l l W .  In  
respec t  to the  e l e c t r o n  t ransfer  p r o b a b i l i t y  to  the  traps this can o c c u r  in 
t w o  ways :  

(1) The  A D R Y  agents  o p e r a t e  as m o b i l e  e l e c t r o n  carr iers  t h r o u g h  the  
wal l  t h e r e b y  c o n n e c t i n g  the  e n d o g e n e o u s  e l ec t ron  source  w i t h  ho les  
s t o r e d  at the  manganese  centers .  
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(2) The A D R Y  agents reduce  the  po ten t i a l  wall  W by  a f ixed place 
mechanism.  

Pre l iminary  exper imen t s  favor a mobi le  carrier  mechanism [44] .  If  one 
takes in to  account  the  facts,  that  the e lec t ron  t r anspor t  chains are no t  
func t iona l ly  isola ted ent i t ies  [56, 57] and tha t  they  are an i so t rop ica l ly  
arranged wi th in  the t hy l ako id  membrane  [58, 59] the cyclic pa thways  
shown in Fig. 6 (s. ref. 19) can be discussed:  

(a) A short  cycle  f rom the reduced  p r imary  acceptor  of  sys tem II to 
the t raps in the watersp l i t t ing  enzyme  sys tem Y. This cycle  is 
symbol i zed  in Fig. 6 by  " A " .  F r o m  recent  exper iments  this cycle  
can be exc luded  as to be main ly  responsible  for the A D R Y  effect  
(s. ref. 19). 

(b) A longer cycle f rom an e lec t ron  donor ,  loca ted  be tween  the 
p r imary  acceptor  of system II and P 700, to  system Y. This cycle 
is symbol i zed  by  "B" .  

(c) A long cycte be tween  the accep tor  side of  sys tem I and the 
watersp l i t t ing  enzyme  system Y th rough  an add i t iona l  energy 
barr ier  E. This cycle  is indica ted  in Fig. 6 by  "C" .  

Based on the results  p resen ted  in this paper  it is argued, tha t  b o t h  
pa thways  ( "B"  and "C")  are real izable by  the A D R Y  agents. 
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