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SUMMARY 

Iso la ted  chloroplasts  from pokeweed (Phytolacca americana) were used in s tudies  
of the  act ions of t e t r apheny lboron  on pho tosyn the t i c  electron t ranspor t .  Any  effects 
on sites which couple electron t r anspor t  to pho tophosphory la t ion ,  could be e l iminated  
by  the use of uncoupled chloroplasts .  

Very  low concentra t ions  of t e t r apheny lboron  were found to s t rongly  inhibi t  
the  reoxida t ion  in the  da rk  of the  reduced p r ima ry  acceptor  Q in chloroplasts  poisoned 
with  3-(3 ,4-dichlorophenyl) -z ,z-dimethylurea .  Apparen t ly ,  the t e t r apheny lbo ron  
anion has  a high affinity to the  oxygen evolving react ion complex where it is readi ly  
photoxidized.  

Sl ight ly higher concentra t ions  of t e t r apheny tboron  inh ib i ted  s t eady-s ta te  ra tes  
of oxygen ew)lution measurably ,  and  induced rap id  and i r revers ible  photodes t ruc t ions  
of Pho tosvs tem I I .  Svstem I med ia t ed  electron t r anspor t  was not  affected by  these 
pho to inh ib i to ry  processes. 

In m a n y  respects,  the  effects were similar  to those observed in the  presence 
of desaspidin or ca rbony lcyan ide  m-chlorophenylhydrazone .  However ,  much lower 
concent ra t ions  of t e t r apheny lbo ron  were required,  and  i ts  act ions were more  res t r ic ted  
to Pho tosvs t em I I .  These proper t ies  m a y  make  t e t r apheny lboron  a va luable  tool in 
s tudies  on the react ion mechanism of the  oxygen-evolving appara tus .  

I NTRODUCTION 

Te t r apheny lbo ron  is widely used as ana ly t ica l  agent  in de t e rmina t ions  of pot-  
assium in aqueous solutions,  because i t  b inds  this  alkal i  ion ra the r  specifically to form 
a salt  with a very  low solubi l i ty  ~, 2. In  biological  systems,  t e t r apheny lbo ron  has also 
been used in a t t e m p t s  to select ively affect K+-dependen t  processes. PACKER and 
co-workers a,* have s tud ied  its effect on energy- t ransfer  react ions  in chloroplasts  and  
mi tochondr ia .  They  observed tha t  t e t r apheny lboron  was a powerful inh ib i tor  of 
e l ec t ron- t ranspor t -dependen t  phosphory la t ion .  In  chloroplasts ,  ve ry  small  concentra-  

Abbreviations : CCC1 ), carbonylcyanide m-chlorophenylhydrazonc ; DCMU, 3- (3,4 -dichlor°- 
phenyl)- ~, i-dimcthylurea; I)CIP, 2,6-dichlorophenolindophenol ; EGTA, cthylenebis(oxyethylene- 
uitrilo) tetraacetate; Fo, the invariable fluorescence, FDe.~m and Frea, the fluorescence emission 
in the presence of DCMU or hydrosulfite, respectively; HOQNO, 2-heptyl-4-hydroxyquinolinc-~V- 
oxide; Q, the primary electron acccptor in Photosystem [I, the "quencher". 
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tions of this agent prevented light-induced volume changes, and destroyed proton 
gradients across the thylakoid membranes. Since an addition of K + did not reverse 
the effects of tetraphenylboron, the investigators concluded that  it did not act by 
preventing K + from participating in some process essential to phosphorylation. They 
suggested 4 that  tetraphenylboron might have disturbed the normal function of the 
organelle membranes by binding to exposed positive charges as provided, for example, 
by protonated amino groups of structural proteins. 

Recent research on the problem of photosynthetic oxygen evolution has further 
supported the contention that  this process, like phosphorylation, is very intimately 
dependent on the structure in which it occurs (see ref. 5 for review). Consequently, 
it was of interest whether tetraphenylboron would affect the photosynthetic oxidation 
of water in isolated chloroplasts. 

I t  will be shown in this paper that  low concentrations of tetraphenylboron 
rather specifically interfered with electron transport  in the oxygen-evolving photo- 
system of isolated chloroplasts. The site and mode of action appeared to be quite 
similar to those of certain electron donors to System II,  and of the two uncouplers 
carbonylcyanide m-chlorophenylhydrazone (CCCP) and desaspidin 8. Tetraphenyl- 
boron, however, was effective at concentrations lower than those required of any 
other agent. 

MATERIALS AND METHODS 

Chloroplast preparations 
Chloroplasts were prepared from pokeweed (Phytolacca americana) leaves. 

Normal coupled chloroplasts, and chloroplasts uncoupled by washing with 0.5 mM 
EDTA, were prepared as previously described ~. For reasons unrelated to the subject 
of tlfis present work, we often replaced EDTA by ethylenebis(oxyethylenenitrilo) 
tetraacetate (EGTA). No difference was noted in the uncoupling action of these two 
chelators. 

"C1--deficient" chloroplasts were obtained by the method of Izawa el al. 7. 
Artificial inactivations of Photosystem I I  were achieved by either washing with 
o.8 M Tris-HC1 buffer (pH 8.o), or by a washing with 5 mM Tricine in the absence 
or presence of o.5 mM EGTA at pH 9-3, or, in some cases, by incubating the chloro- 
plasts for 6 rain in the presence of I mM hydroxylamine as described by CHEXlAE A.XI) 
MARTIN ~. A partial restoration of the oxygen evolving activity by ascorbate and 
2,6-dichlorophenolindophenol (DCIP) 9 was possible only with Tris washed, but not 
with hydroxylamine-treated 8 or pH-shocked chloroplasts. 

The final suspension medium for the chloroplasts, and the reaction media, 
contained: 4oo mM sucrose, 5o mM Tricine-NaOH (pH 7.4), zo mM NaC1, and 
5 mM MgSO 4. NaC1 was omitted from all solutions used for C1--deficient chloroplasts. 

Measurements 
The methods used for measuring oxygen evolution, NADP + photoreductions, 

fluorescence characteristics, and chlorophyll concentrations, were those described 
earliern, 1°. The absorbance decrease during DCIP photoreductions was recorded 
continuously using a setup in which actinic light from a IOoo-W projection lamp was 
passed through a cell with running tap water, several glass lenses, a red plastic sheet 
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and, finally, a 65o-nm long-wave pass filter (Optics Technology) ; our weak measuring 
illumination at 595 nm was selected with a Bausch and Lomb monochromator, 
detected by a Hamamatsu i P i z  phototube, and amplified by an Aminco micro- 
photometer. All measurements were carried out at room temperature (e5"). 

For calculations of the concentration of DCIP in our reaction media we used 
an extinction coefficient of i. 9. IO 4 1. cm -~-mole 1 at 595 nm. When saturated with 
air, our chloroplast suspensions were assumed to contain o.20 ffmole 02 per ml at 
25 ° (ref. II).  

Reagents 
The chemicals were of reagent grade. From the available brands, only Tricine 

from Calbiochem was found to have a C1- content low enough for use in the prepara- 
tions of C1--deficient chloroplasts. Tetraphenylboron was purchased as sodium salt, 
pmissimum, from Aldrich Chemical Comp., CCCP and valinomycin were obtained 
from Calbiochem, and desaspidin, phloridzin, antimycin A, and 2-heptyl-4-hydroxy- 
quinoline-N-oxide (HOQNO) were kindly provided by Dr. H. Gaffron. The Hoffmann- 
LaRoche antibiotic X464 was generously supplied by Dr. R. L. Harned from the 
Commercial Solvents Coip. Supposedly this compound is closely related, or even 
identical to nigericin 12, la. Solutions of NaaFe(CN)~ ~ were prepared by passing solutions 
of the potassium salt through a column of Dowex 5 ° in its Na-+ form. 

RESULTS 

Effect of tetraphenylboro~z on electron transport in m,poisoned chloroplasts 
After having read the statement by HORTON AND PACKER ~ that "under non- 

cyclic electron flow conditions ferrieyanide reduction is unaltered" by o.o 7 to 13. 3 #3I 
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concn. TPB (~M) 
f:ig. i .  I n h i b i t i o n  b y  t e t r a p h e n y l b o r o n  (TPB)  of t h e  o x y g e n  e v o l u t i o n  d u r i n g  a H i l l  r e a c t i o n ,  a n d  
of t h e  r c o x i d a t i o n  in  t h e  d a r k  of Q . See MATE, RIALS AND METttODS for p r o c e d u r e s  a n d  r e a c t i o n  
m i x t u r e s .  , o x y g e n  e v o l u t i o n  w i t h  o. 4 m M  NaaFe(CN)~ , as  H i l l  o x i d a n t ,  a n d  E G T A - w a s h e d  
c h l o r o p l a s t s  (5 ffM c h l o r o p h y l l )  in  12oooo  e r g s . s e c  L cm 2 r ed  l i g h t  ( b e t w e e n  6oo a n d  7oo n m ) ;  
r a t e  in  a b s e n c e  of t e t r a p h e n y l b o r o n  (10o # m o l e s . r a g  ~ c h l o r o p h y l l . h  -1) was  s e t  e q u a l  u n i t y .  
O ,  A ,  r e l a t i v e  r a t e  of r e o x i d a t i o n  of Q -  g i v e n  as r e s t o r e d  a r e a  o v e r  t h e  f luo rescence  i n d u c t i o n  
c u r v e  (~ee Fig .  2) a f t e r  2 see d a r k n e s s  r e l a t i v e  t o  t h a t  m e a s u r e d  w i t h  c h l o r o p l a s t s  in t h e  a b s e n c e  
of t e t r a p h e n y l b o r o n ;  c o u p l e d  (O)  or  E O T A - w a s h e d  ( A )  c h l o r o p l a s t s  (7 ffM c h l o r o p h y l l )  in  t he  
p r e s e n c e  of i o  t i m  D C M U ;  f luorescence  e x c i t e d  w i t h  r n E i n s t e i n . s e c  L c m  .2 g reen  l i g h t  (~tma~ 
53 ° n m ) .  
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tetraphcnylboron, it came as a surprise that in our experiments zo #M tetraphenyl- 
boron ahnost completely eliminated oxygen evolution in EGTA-washed chloroplasts 
(Fig. I). Furthermore, basal electron flow to ferricyanide in coupled chloroplasts was 
slowed down by 35 % when 3 #M tetraphenylboron had been added. In this respect, 
the action of tetraphenylboron differed from that  of compounds like CCCP which, 
in moderate concentrations, inhibit the Hill reaction in uncoupled, EDTA washed 
chloroplasts, but accelerate electron flow in coupled chloroplasts due to their un- 
coupling activity 6,1l. 

When the photoreduction of DCIP was followed in the presence of small 
amounts of tetraphenylboron, only a slight inhibition of the initial rate was noted. 
However, this inlfibition became progressively more severe during the light period. 
No effect was observed on the System I-mediated photoreduction of NADP + by the 
ascorbatc-DCIP couple. Methyl viologen could not be used as electron acceptor 
because it formed a precipitate with tetraphenylboron. 

T A B L K  [ 

E F F F C T  OF T E T R A P H E N Y L B O R O N  ON S Y S T E M  I A C T I V I T Y  A N D  ON F L U O R E S C E N C E  I N T E N S I T Y  

For  p r o c e d n r e  see t e x t ;  r e a c t i o n  m i x t u r e s :  for  D C I P  r e d u c t i o n  in 2..5 ml ,  E G T A - w a s h e d  ch lo ro -  
p l a s t s  (7 / * M c h l o r o p h y l l ) ,  4 ° -So ftM D C I P ,  70 nlS[ p h o s p h a t e  buf fer  (pFI 7. i),  i .  7 t TM p l a s t o c y a n i n e  ; 
for N A 1 ) P  = r e d u c t i o n  in 3.2 ml ,  f u r t h e r  a d d i t i o n  of s a t u r a t i n g  a m o u n t s  of f e r r e d o x i n ,  f e r r e d o x i n -  
N . \ D P  r c d u c t a s e  (2oo un i t s ) ,  5 m M  a s c o r b a t e ,  i o  / iM I )CMU,  D C [ P  to  a f ina l  concn ,  o f ,So /~M,  
a n d  N o in t he  gas  p h a s e ;  for f luo rescence  m e a s u r e m e n t s  as for D C I P  r e d u c t i o n ,  b u t  2. 5 mM 
a s c o r b a t e  a d d e d ,  tuld for r e c o r d i n g  Fred  a l so  IO ItS{ D C M U  a n d  so lne  Na2S,204 c r y s t a l s .  [ l l u m i n a -  
t i o n  I4OOoO c r g s . s e c  l ' c m  2 r ed  l i g h t  ( b e t w e e n  625 a n d  72.5 nm)  ]n t i l e  p h o t o r e d u c t i o n s ,  a n d  
~o n E i n s t e i n s ,  sec - I .  c m  .2 g reen  l i g h t  in f l uo rescence  i n e a s u r e m e n t s .  R a t e s  g i v e n  as  Hmoles  r e d u c e d  
pe r  m g  c h l o r o p h y l l  pe r  h, f luo rescence  i n t e n s i t i e s  as  p e r c e n t  of an  u n i l l m n i n a t e d  con t ro l .  

Addi l i~m D C [ P  redt*ction N.~1I)P + redttclio~ Ere a F .  

I n i t i a l  .qf lcr  f . 5  ~Jdn 

N o n e  345 345 12-, ()5 

7 !~M t e t r a p h e n y l b o r o n  275 4 ° l i O  20 

Table I gives the results of another test for any sensitivity of Photosystem I 
to tetraphenylboron. Here, uncoupled chloroplasts were illuminated first in the 
presence of the Hill oxidant DCIP. In the sample containing tetrephenylboron, the 
rate of DCIP photoreduction had considerably decreased after 1.5 min, while it re- 
mained unchanged in the control. Now, ferredoxin and ferredoxin-NADP+ reductase, 
ascorbate, 3-(3,4-dichlorophenyl)-z,i-dimethylurea (DCMU), NADP+ and more 
DCIP were added, and the rate of NADP+ photoreduction was measured. Alternately, 
the residual unreduced, blue DCIP was bleached by addition of some ascorbate so 
that the fluorescence of the chloroplasts could be recorded. Two main results are 
evident from the data in Table I : First, the light-dependent inhibition of the DCIP 
photoreduction in the presence of tetraphenylboron was accompanied by a significant 
loss of the "l ive 'uS chloroplast fluorescence (Fre,l-Fo). This indicated a considerable 
photodestruction of the reaction center complex in Photosystem II. Second, the rate 
of the NADP + photoreduction was not affected by this impairment of the electron- 
transport system. 

B i o c h i m .  B i o p k y s .  ~4cla, 256 ( i972)  336-344  
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Photoinhibitions of the kind just described occur in chloroplasts when tile nor- 
real operation of the oxygen-evolving System I I  is disturbed by lack of CI-- (ref. 7), 
by Tris washing 6, by a manganese deficiency a6, or by the presence of hydroxylamine 
derivatives 8, of CCCP 6, or of desaspidin (unpublished results). 

In an earlier report ~ we have presented data which showed that  the presence 
of CCCP in suspensions of uncoupled chloroplasts not only affected electron-transport 
events in Photosystem II ,  but also in System I. Most conspicuous after an addition 
of CCCP was the increased efficiency of far-red light in the reoxidation of Q-, the 
reduced primary electron acceptor of System II.  In analogous experiments we were 
unable to detect any such effect of tetraphenylboron, while the results with desaspidin 
showed certain similarities to those obtained with CCCP. 

Effect of tetraphe~ylborou ou the reoxidation of Q- in DCMU-poiso~zed chlor@lasls 
In normal, DCMU-poisoned chloroplasts, an actinic illumination of Photo- 

system I I  is capable of mediating a photoreduction of the primary electron acceptor 
Q with concomitant oxidation of some electron donor on the oxygen-evolving side 
of the system. This event is reflected by an increase in the fluorescence yield from the 
chloroplasts. A reoxidation of Q-, and consequently a decay of this high fluorescence 
yield, may occur through a rather slow autoxidation, or through a cyclic flow of 
electrons back to oxidized electron carriers in the water-oxidizing reaction complex. 
Such back reactions in System II  have been studied recently by several in- 
vestigators6,~7 ~0. Certain artificial electron donors to System II ,  and the uncoupler 
CCCP, retard the cyclic reoxidation of Q (refs 6, I8), presumably by competing 
successfully with Q in the reduction of stored oxidants. 

Because of the observed similarities in the actions of CCCP and tetraphenyl- 
boron on Photosystem II,  it was of interest whether the latter compound would also 
inhibit the reoxidation of Q-. Fig. 2 shows that  an addition of small amounts of 
tetraphenylboron indeed strongly decreased the decay rate of the high fluorescence 
yield in DCMU-poisoned chloroplasts: o.io /~5i tetraphenylboron retarded the re- 
oxidation of Q- in EGTA-washed chloroplasts by more than 50 ",i, (Fig. I). As in the 

Fig .  2. E f f e c t  of 3 /~M t e t r a p h e n y l b o r o n  ( T P B )  on  t h e  d a r k  r e s t o r a t i o n  of t h e  f l u o r e s c e n c e  in -  
d u c t i o n  in  D C M U - p o i s o n e d  c h l o r o p l a s t s .  R e a c t i o n  m i x t u r e  as  d e s c r i b e d  in  MATERIALS AXD 
.~ETHODS, c o u p l e d  c h l o r o p l a s t s  (8 /tM c h l o r o p h y l l )  ; 5 sec d a r k n e s s  b e t w e e n  t h e  t w o  r e c o r d i n g s  in 
e a c h  p i c t u r e ,  t i m e  sca l e  o. 5 sec  p e r  d i v i s i o n .  I l l u m i n a t i o n  ~ n E i n s t c i n - s e c  1 - c m  .2 ~rct, n l i g h t .  

Biochi~n. lgiopkys..4cta, 256 ( I97  z) 336 344 
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experiments of UTSUM~ AND PACKER 3, this inhibition could not be reversed by an 
addition of K =. 

Photoxidation of tetraphe~zylboron by chloroplasts 
For some time we considered tetraphenylboron to be an unlikely electron 

donor to System II of the chloroplasts. The agent was not destroyed oxidatively by 
excess ferricyanide or manganipyrophosphate at pH 7. Furthermore, well established 
electron donors to Systems II such as 1,5-diphenylcarbazide, hydroxylamine and 
Mn 2+ were nmch inferior to tetraphenylboron in their inhibitory activity on the re- 
oxidation of Q in DCMU poisoned chloroplasts (Table II). 

T A B L E  i I  

E F F E C T S  O F  V A R I O U S  C O M P O U N D S  O N  T H E  D A R K  R E G E N E R A T I O N  O F  T H E  F L U O R E S C E N C E  R I S E  I N  

D C M [  : - P O I S O N E D  C H L O R O P L A S T S  

T h e  r e g e n e r a t i o n  of t h e  f luorescence  induc t ion  in DCMU-poisoned  chloroplasts  ( 7 - 8  /~M chloro- 
phyl l )  af ter  2 sec darkness  was  t a k e n  as a measure  for the  reox ida t ion  of  Q -  (see ref .  0). E x -  
p e r i m e n t a l  condi t ions  see l e g e n d  F ig .  2. The numbers  in parentheses  Rive the  c o n c e n t r a t i o n  ot 
the  a d d e d  c o m p o u n d  in/riM. Inhibi t ion g iven  as percent  re la t ive  to an appropriate  control  w i thout  
a d d i t i o n .  

Rcactiou mi.vlllrc Inhibition 
( % ) 

Co~tpled ch/nroplasts 

+ m e t h v l a m i n e  (16ooo) o 
- -  phlor idz in  (5o0) o 
+ a t e b r i n  (iS) o 
- -  H O ( d N ( ) ( 1 5 )  o 
- -  X 4 6 4  (25),  NC1 ( J o o o o )  o 
@ v a l i n o m v c i n  (25) , 

KC1 (TOOOO) o 
@ a l l t i m v c i u  A (18) 35 
E G T A - w a s h i n g  ~ r o 
-t- h y d r o x y l a m i n e  (IO) 40 

Reaction ~ ix ture  [nhibitio~ 
(%) 

EGTA-washed  chloroplasts 
+ C C C P  (o.6) 5 ° 
+ d e s a s p i d i n  (o.3) 5 o 
+ t e t r a p h e n y l b o r o n  (o.o7) 5 ° 
@ L 5 - d i p h e n y l -  

c a r b a z i d e  (5oo) ~ 1o 
+ MnSO 4 ( iooo)  -~. ~o 

Tris-washcd chloroplasts 
• _ ] , 5 _ d i p h e n y l c a r b a z i d e  (5oo) 5 ° 

@ MYiSO 4 (IOOO) 4 0 

Earlier 6 we had discussed the possibility that compounds like CCCP, desaspidin 
and tetraphenylboron might act on Photosystem II by interfering with membrane- 
dependent ion movements. However, our data in Table II do not reveal any obvious 
correlation between known actions of various phosphorylation inhibitors on ion 
transport, and their observed activity as inhibitors of the cyclic electron flow from 
Q- to the oxidizing side of System II. 

It was essential, therefore, to test whether tetraphenylboron was, after all, 
capable of serving as electron donor to Photosystem II. To our great surprise we 
could deduce from fluorescence measurements that chloroplast preparations with an 
inactivated oxygen-evolving system (pH shock, Tris washing, hydroxylamine treat- 
ment, C1- depletion) regained their ability to accumulate photoreduced Q after 
addition of tetraphenylboron. While this observation might be explained by the 
inhibited cyclic reoxidation of Q- described above, a light-induced flow of electrons 
from tetraphenylboron to Q was at least as probable. Indeed, no inhibitory effects 
on chloroplasts were observed in suspension media from which another batch of 

Biochim. Bwphys .  Acta, 256 (~ 97-')  3 3 6 - 3 4 4  
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chloroplasts had been removed by centrifugation after a 3-min illumination in the 
presence of 20 #M tetraphenylboron. Tile inhibitor obviously had been photo- 
inactivated. 

Fig. 3 provides conclusive evidence for an oxidation of tetraphenylboron by 
chloroplasts in the light. In Fig. 3A the course of DCIP photoreductiou by  hydroxyl- 
amine-treated chloroplasts is shown before and after addition of tetraphenylboron 
or 1,5-diphenylcarbazide. In the presence of the latter electron donor one notices 
the well known regeneration of a relatively fast photoreduction of DCIP 2~. When 
tetraphenylboron was added instead, a high initial reduction rate was observed which 
declined rapidly and did not recover after further additions of either tetraphenylboron 
or 1,5-diphenylcarbazide. This observation demonstrated the electron donating, as 
well as the previously mentioned photodestructive activity of tetraphenylboron. 
Not included in Fig. 3A is a trace showing that  this photoinhibition of System I I  
was only slightly retarded when 1,5-diphenylcarbazide was also present in the reaction 
mixture. 

A B 

Fig. 3.A. Photoreduct ion of DC[P by hydroxylamine- t rea ted  chloroplasts. Procedure and reaction 
mixture  see MATERIALS AND METHODS; 12. 5 :'1~'~ chlorophyll, 35 f *M DCIP;  140000 ergs.sec -1" 
cm 2 red light (between 625 and 725 nm);  downward arrows, light on; upward  arrows, light off. 
a, no addition; b, @ 500 /,3I 1,5-diphenylcarbazide; c, q- 3 ° #M te t raphenylboron,  then fur ther  
addition of 3 ° /,M te t raphenylboron  or 500 /,M 1,5-diphenylcarbazide (broken line) after first 
light period; d, + 3 ° /*M te t raphenylboron  + io ,uM DCMU. B. Oxygen uptake by illunlinated 
chloroplasts in the presence of te t raphenylboron.  Coupled chloroplasts (43 #M chlorophyll) in 
15 ° mM sodium phosphate  buffer (pi t  7. i) q- o.5 ntg catalase ; illunfination I 0o ooo ergs. s e c t .  cln ~ 
red light (between 600 and 700 nm). a, no addition; b, @ .5 ° nmoles te t raphenylboron;  c, @ too 
nmoles te t raphenylboron.  

From Fig. 3B, finally, one can deduce that, in tile absence of any added electron 
acceptor, tile oxidation of one molecule of tetraphenylboron by illuminated chloro- 
plasts was accompanied by an uptake of about half a molecule of oxygen. DCMU 
(zo #M) inhibited both types of photoxidations of tetraphenylboron, that  bv DCIP 
(Fig. 3A), and that  by oxygen (not shown). 

Biochim. Biophys. Acta, 256 (1972 ) 336 344 
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DISCUSSION 

Our experimental results leave no doubt that tetraphenylboron exerts its 
effects on Photosystem II  primarily because of its ability to react with accunmlated 
oxidants in the water-splitting reaction complex. Most probably, none of the observed 
inhibitions of the backreaction in System II  (Table II) occur through mechanisms 
other than a direct electron donation6, TM. This conclusion implies that phosphorylation 
inhibitors like ('CCP, desaspidin and antimycin A are subject to photodestruction 
by illuminated chloroplasts. The marked difference in the effectiveness of the various 
agents can be explained in several ways. In most cases we do not know the concentra- 
tion of the active species in aqueous buffers. Moreover, their aiSnity to the thvlakoids 
and to the oxidation sites, as well as their ease of penetration to the oxygen-evolving 
center may vary widely. The rate of binding of NH2OH to oxidants in Photosvstem II, 
for example, has been found to be relatively slow '2. Artificial electron donors may also 
differ in their preference for the available oxidation sites. 

Rapid pfiotoinactivations of Photosystem II  by added electron donors have 
been observed not only for tetraphenylboron, CCCP and desaspidin6, "~3, but also for 
certain derivatives of NH,,OH (ref. 8). Since DCMU retards the progress of such 
photoinhibitions, they nmst be the direct and indirect consequence of a continuous 
formation of hitherto unknown oxidation products (radicals?) from the added agents. 

Among all of the known electron donors to System II, tetraphenylboron appears 
to be quite unique: It has an exceptionally high affinity to oxidants in Photosystem II  ; 
it has no detrimental effects in complete darkness, and can be easily removed by 
washing; it is photooxidized specifically and in a stoichiometric reaction by System I I; 
because of its considerable size, tetraphenylboron nmst be assumed to bind to acces- 
sible oxidants on the surface of the thylakoid membrane, unless the components of 
the water-splitting reaction complex are located in rather large membrane cavities. 

In addition to these biological implications, the ability of illuminated chloro- 
plasts to oxidize tetraphenylboron is certainly fascinating in itself. Most of the 
published work on oxidations of tetraphenytboron deals with its mechallisln in 
organic solventsl, ~-~6. Under such conditions, biphenyl- and diphenylboronium ion 
have been shown to be the reaction products of the two-electron process 2a. Preliminary 
studies have revealed that, in a photoxidation with rose bengal as sensitizer in an 
aqueous solution, one mole oxygen was consumed per mole tetraphenylboron. No 
significant amounts of H,~O2 were formed. It  appears, therefore, that the mechanism 
of the chloroplast reaction is more closely related to the electrooxidation in aceto- 
nitrile 2a than to the dye-sensitized photoxidation. Studies are in progress to elucidate 
further the mechanism of the surprisingly strong interaction between tetraphenyl- 
boron and components of the oxygen-evolving center on the thylakoids. 
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