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The  Photosys tem I react ion centre  contains two groups of i ron-sulphur centres:  F e - S  A and F e - S  n with redox 
potent ia ls  between - 510 and - 590 mV, and F e - S  x with redox potent ia l  about  - 700 mV. Spin quant i ta t ion 
(Heathcote ,  P., Wi l l iams-Smith ,  D.L. and Evans, M.C .W.  (1978) Biochem. J .  170, 373-378)  and M6ssbaue r  
spect roscopy (Evans, E.H.,  Dickson,  D.P.E. ,  Johnson,  C.E., Rush, J .D.  and Evans, M.C .W.  (1981) Eur. J .  

Biochem. 118, 81 -84)  did not  show unequivocally whether  Fe -S  x has one or two centres.  Exper iments  are  
descr ibed which support  the proposal  that  F e - S  x has two centres.  F e - S  x can be photoredueed irreversibly by 
210 K i lhuninat ion of di th ioni te-reduced samples or  reversibly by 7.5 K i l lumination of these samples.  The  
ampli tude of  the F e - S  x signal reversibly induced by i l lumination at  7.5 K is never  more  than 50% of the 
ampli tude of the signal when Fe -S  x is prereduced by room tempera ture  i l lumination or  by 210 K 
il lumination.  Approx.  half of the Fe -S  x is rapidly reduced by 210 K illumination, the remainder  more slowly. 
The  ex ten t  of reversible  Fe~S x reduct ion and P-700 photooxidation is l i t t le affected by the fast  reduction of 
about  half of the F e - S  x. Subsequent  reduct ion of the remaining  F e - S  x is paral leled by loss of the reversible  
photoreaction. 

Introduction 

Photosys tem I (PS I) catalyses the l ight - induced 
t ransfer  of e lectrons f rom P-700 to soluble fer- 
redoxin.  Several  b o u n d  elect ron acceptors  have 
been  ident i f ied  in the P S I  reac t ion  centre  by  
e lec t ron pa ramagne t i c  resonance  and opt ica l  spec- 
t roscopy.  In  add i t ion  to two in te rmed ia ry  accep-  
tors A 0 and A 1 [1,2], three m e m b r a n e - b o u n d  
i ron-su lphur  centres  have been ident i f ied  [3,4]. Il- 
lumina t ion  of  sp inach  PS I samples  at  cryogenic  
t empera tu res  results  in the pho toox ida t i on  of  the 
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p r imary  donor  P-700 and  t ransfer  of  the electron 
f rom P-700 to i ron-su lphur  centre  A:  

P-700 FeS A -,  P-700 + FeS A 

If  centre  A is chemical ly  reduced  in the da rk  
before  the sample  is frozen, low tempera tu re  il- 
lumina t ion  results in the pho to reduc t ion  of  centre  
B: 

P-700 FeS B FeS A -~ P-700 + FeS~ FeS A 

In spinach PS I samples  that  conta in  glycerol  
[5], and  in bar ley  [6], Phorrnidium laminosum [7] 
and  Dunalliella parva  [8] PS I samples,  centre  B 
can  be pho to reduced  even when centre  A is 
oxidised,  i.e., the e lect ron is t ransfer red  to centre  
A in some reac t ion  centres  and  to centre  B in 
others.  The  fact that  the redox s tate  P-700 + FeS~  
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FeS A is s table  at low tempera ture ,  wi thout  t ransfer  
of  the electron f rom centre  B to centre  A suggests 
that  these centres  funct ion in paral le l  ra ther  than 
in series: 

F eS  B 

P-700 

FeS A 

The t ransient  pho toox ida t i on  of P-700 that  can 
be observed fol lowing a laser flash when centres  A 
and B are chemical ly  reduced led to the discovery 
of  another  e lect ron acceptor ,  t e rmed centre  X, 
assumed to funct ion before  centres  A and B [9,10]. 
The EPR spect rum of  centre  X is a b road  signal 
with g-values of  2.08, 1.87 and 1.77; it can be 
observed  in PS-1 samples  frozen under  s t rongly 
reducing  condi t ions ,  or  it  can be t rans ient ly  
observed  fol lowing low- tempera tu re  i l lumina t ion  
of  PS-I samples  which have centres  A and B 
reduced:  

hi, 
P - 7 0 0 X F e S ~  F eS  A ~ P-700 ÷ X -  F e S ~  F e S ~  

Centre  X is therefore  thought  to funct ion in the 
pho tochemica l  e lec t ron- t ransfer  sequence be tween 
the in te rmedia ry  acceptors  and  the i ron-su lphur  
centres  A and  B: 

FeS  B 

P-700 ~ A 0 ~ A 1 ~ X (  

FeSA 

Al though  centre  X has an unusual  EPR spec- 
t rum in terms of its g-values and  tempera ture-de-  
pendence ,  bo th  its opt ica l  [11] and  its M6ssbauer  
[12] spectra  are character is t ic  of  a 4Fe4S centre.  
Spin quan t i t a t ion  of  X has been a t t empted  [13] 
bu t  is ext remely  diff icult  because  of  the p rob lems  
in ob ta in ing  an accurate  spec t rum of X. We found  
that  about  1.5 P-700 were oxidised for each X 
reduced  dur ing  i l lumina t ion  at 8 K, bu t  that  there 
was only 0.75 Centre  A per  X when X was frozen 
in the fully reduced  state. We  conc luded  that  
accurate  measurement  was not  poss ible  because  of 
the exper imenta l  difficulties,  bu t  that  the centres  
were present  in app rox ima te ly  equivalent  amounts .  
However ,  it  was no ted  in Ref. 13 that  the ampl i -  
tude  of  the X -  EPR signal observed on low tem- 
pera tu re  i l lumina t ion  (when only one electron can 

be t ransferred to the electron acceptors)  was con- 
s is tent ly smaller  than the ampl i tude  of  the X 
signal in samples  reduced at room temprea tu re  
(when more  than one electron can be t ransferred 
to the e lect ron acceptors) .  It was or iginal ly  sug- 
gested that  the smal ler  X -  signal ampl i tude  ob- 
served dur ing  low- tempera ture  i l luminat ion  was 
due to the light in tensi ty  being non-sa tura t ing .  
However ,  it may  be that  a consis tent  error  in the 
s imula t ion  of the spec t rum of X led us to under-  
es t imate  the amoun t  of X by 30%, and that  there 
are in fact two X per  centre  A and that  8 K 
i l lumina t ion  would therefore  result  in reduct ion  of 
half  the X present ,  i.e. 1 per  P-700 oxidised.  Whi le  
the Fe  de te rmina t ions  of  Go lbeck  et al. [14] sug- 
gest that  there are not  more  than three 4Fe4S 
centres  per  P-700, M6ssbauer  spect roscopic  stud- 
ies [12] have suggested that  there may  be a fourth 
low-poten t ia l  i ron-su lphur  centre  present .  Chemi-  
cal reduct ion  of centres A and B resulted in reduc-  
t ion of 50% of the Fe-S centres present  while 
a t t empts  to reduce X by  i l lumina t ion  of the very 
dense  sample  only reduced a fur ther  20% of the 
Fe-S centres. If the two centres A and B represent  
only  half  the centres present  there may  be two 
lower potent ia l  centres. 

We  have previously  demons t r a t ed  that  it is pos-  
sible to reduce the in te rmedia ry  acceptors  of  P S I  
samples  by  i l lumina t ion  at approx.  230 K [2]. 
U n d e r  these condi t ions ,  d i th ioni te  can rereduce 
the P-700 ÷ formed on i l lumina t ion  and so result  
in more  than one electron being t ransferred to the 
accep tor  complex.  We have now used this tech- 
n ique to pho tochemica l ly  reduce centre X and 
have measured  the X and P-700 signal sizes in the 
da rk  and also under  cont inuous  i l lumina t ion  dur-  
ing the reduct ion  of X. The results  suggest that  
there may  be two X componen t s  in the P S I  
reac t ion  centre  or  that  the behav iour  of P S I  
centres  is he terogeneous  under  these condi t ions .  

Materials and Methods 

Chloroplas t s  were isola ted from marke t  spinach 
as descr ibed  in Ref. 15. P S I  was isola ted from the 
chloroplas ts  using the non- ionic  detergent  Tr i ton  
X-100 as descr ibed in Ref. 16. The result ing P S I  
p repa ra t ions  had  a P-700 to ch lorophyl l  ra t io  of 
approx.  1 : 4 0  and lacked the componen t s  of the 



PS II  react ion centre  and  the b6-f complex  as 
de t e rmined  by  E P R  and opt ica l  spect rometry .  

E P R  samples  with the i ron-su lphur  centres  A 
and B reduced  were p repa red  by  anaerob ic  add i -  
t ion of  sod ium di th ioni te  (final concent ra t ion ,  0.1% 
w / v )  to PS I par t ic les  (1 mg c h l o r o p h y l l / m l )  in 
0.1 M Tris-HC1 (pH 9.0). The samples  were frozen 
in comple te  darkness  after  10-15  min. da rk  equi- 
l ibra t ion.  N o  redox media tors  were added.  

210 or  230 K i l lumina t ion  was carr ied out  in an 
unsi lvered dewar  con ta in ing  e thanol  using a 1000 
W projector .  The  ba th  was cooled with solid C O p  
The t empera tu re  was measured  with an a lcohol  
the rmomete r  and ma in ta ined  within 1 K of  the 

required t empera tu re  by  add i t ion  of solid CO 2 
dur ing  i l luminat ion.  The t ime-course  of i l lumina-  
t ion was fol lowed for 50 min, when the reduct ion  
of  X was found  to be consis tent ly  80% or  more  of 
the signal size in a sample  frozen under  i l lumina-  
tion. The same pro jec to r  was used to i l luminate  
samples  inside the EPR cryostat .  EPR spect ra  
were recorded with a Jeol  F e l X  spec t rometer  at 
X - b a n d  with 100 kHz  field modula t ion .  The sam- 
ple  t empera tu re  was ma in ta ined  with an Oxford  
Ins t ruments  l iquid hel ium cryostat .  F o r  kinet ic  
measurements  the spec t rometer  was in ter faced to a 
D a t a l a b  DL920 t ransient  recorder  and  DL400B 
signal averager.  

Results 

We have earl ier  repor ted  the use of  230 K 
i l lumina t ion  to g radua l ly  reduce the in te rmedia ry  
aceptors  of  PS I. Here  we have used a lower 
tempera ture ,  210 K, to reduce centre  X. At  230 K, 
X is reduced very rap id ly  and reaches its maxi-  
m u m  signal size in less than 5 min. The rate  of  this 
reac t ion  is s lowed down approx.  10-fold by  de- 
creasing the t empera tu re  to 210 K. The  lower 
t empera tu re  required to gradual ly  reduce X is 
p r e sumab ly  a consequence  of  the much slower 
back- reac t ion  t ime from X -  than f rom the re- 
duced  in te rmedia ry  acceptors .  Fig. 1 shows EPR 
spect ra  recorded dur ing  the course of  210 K il- 
lumina t ion  of  a d i th ion i te -con ta in ing  P S I  sample  
frozen with the i ron-su lphur  centres  A and B 
reduced.  Dur ing  the course of 210 K i l luminat ion,  
the g =  1.77 and g =  1.87 peaks  of centre  X 
(ar rowed)  g radua l ly  appear .  The  b road  g = 2.08 
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Fig. 1. EPR spectra recorded at intervals during the reduction 
of iron-sulphur centre X by 210 K illumination of PSI particles 
with iron-sulphur centres A and B reduced before freezing. 
EPR conditions: microwave power, 10 mW, modulation ampli- 
tude, 10 G, temperature, 7.5 K, frequency, 9.1 GHz. Spectra 
were recorded in the dark after (a) 0, (b) 4, (c) 12 and (d) 40 
min of illumination at 210 K. 

peak  of X is obscured  by  the large g = 2.04 signal 
of  centres  A and B. Fig. 1 also shows that  a 
g = 2.00 radical  signal, due to the in te rmedia ry  
acceptors  A o and A 1, appears  dur ing  210 K il- 
luminat ion .  

In  Fig. 2 the ampl i tude  of  the g =  1.77 X -  
signal  and  the g = 2.0 radical  signal are p lo t t ed  as 
a funct ion of the dura t ion  of 210 K i l luminat ion.  
I t  can be seen that  the increase in the ampl i tude  of  
the g = 1.77 signal due to centre X is b iphasic ;  the 
signal size increases rap id ly  dur ing  the first 12 rain 
of  210 K i l lumina t ion  and then cont inues  to in- 
crease, but  at a slower rate.  The  ampl i tude  of  the 
g = 2.0 radical  signal of  the in te rmedia ry  accep- 
tors, on the other  hand,  increases only  slowly 
dur ing  the first 3 0 - 4 0  min of  210 K i l luminat ion,  
bu t  increases rap id ly  after  that  time. Therefore,  
while it  is not  poss ible  to comple te ly  separa te  the 
reduct ion  of  X from the reduct ion  of  the inter-  
med ia ry  acceptors ,  only  about  16% of  the maxi-  
m u m  g = 2.0 signal appears  dur ing  the first 12 min 
of  210 K i l luminat ion;  dur ing  the same per iod  the 
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Fig.  2. C h a n g e s  in the  a m p l i t u d e  o f  the g = 1.77 s ignal  of  

i r o n - s u l p h u r  cen t re  X a n d  the g = 2.00 s ignal  o f  A 0 A  1 d u r i n g  

the  course  o f  210 K i l l umina t i on  of  a s amp le  o f  P S I  par t i c les  

f rozen  wi th  i r o n - s u l p h u r  cen t res  A a n d  B r e d u c e d  be fo re  freez- 

ing. E P R  c o n d i t i o n s  as in  Fig.  1. Spec t r a  were  r e c o r d e d  in the 

da rk .  • • ,  Fe-S x r eco rded  in the d a r k ;  • • ,  

AoA { r e c o r d e d  in the da rk .  

g = 1.77 signal reaches 70% of the signal size in a 
sample  frozen under  i l luminat ion.  

Fig. 3 shows the result  of  an exper iment  where, 
in add i t ion  to the ampl i tude  of  the g = 1.77 X -  
signal, the ampl i tude  of  the g = 2.0 radical  signal 
was measured  at 7.5 K, first in the dark  and then 
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Fig.  3. C h a n g e s  in the a m p l i t u d e  o f  the  g = 1.77 of  i r o n - s u l p h u r  

cen t r e  X a n d  o f  the  revers ible  l i gh t - i nduced  g = 2.00 s ignal  o f  

P -700  d u r i n g  the  course  o f  210 K i l l umina t ion  o f  a s a m p l e  o f  

PS I par t ic les  p r e p a r e d  wi th  i r o n - s u l p h u r  cen t res  A a n d  B 

r e d u c e d  before  freezing.  Spec t r a  were  r e c o r d e d  a t  7.5 K as in 

Fig.  1. • • F e - S x - ,  r e c o r d e d  in the d a r k ;  • • 
P -700  + , l igh t -dark .  

under  cont inuous  i l luminat ion.  The reversible 
l igh t -minus-dark  g =  2.0 signal is due to the 
oxidised p r imary  donor ,  P-700 ÷ , genera ted  t ran-  
s ient ly on i l lumina t ion  by  reversible t ransfer  of  an 
e lect ron to centre  X: 

hi, 
P-7OOX ~ P-700 + X 

Since no reversible P-700 ÷ signal is observed in 
samples  that  have X comple te ly  reduced,  the am- 
p l i tude  of the l igh t -minus-dark  g = 2.0 signal would  
be expected to be re la ted to the extent  of  reduct ion  
of  X -  in a rat io  of  (1 - X ), ref lect ing the p ropor -  
t ion of  X that  is oxidised.  However ,  as Fig. 3 
shows, the ampl i tude  of the l igh t -minus-dark  g = 
2.0 signal decreases  l inear ly with the per iod  of  210 
K i l lumina t ion  and  does not  fol low the X -  signal 
size. Dur ing  the first 10 min  of 210 K i l luminat ion,  
the X signal size increses rap id ly  f rom 0 to 60% of 
the signal size in a sample  frozen under  i l lumina-  
t ion; dur ing  the same per iod  the l igh t -minus-dark  
g = 2.0 radical  signal size decreases by  only 13%. 
This  result  is not  compa t ib l e  with the view that  the 
g = 1.77 signal is due to a single componen t  that  
receives electrons from P-700. It can, however,  be 
expla ined  by  the presence of  two centres, bo th  of 
which cont r ibu te  to the g = 1.77 signal. Reduc t ion  
of  one of these centres  would be expected to 
increase  the ampl i tude  of the g =  1.77 signal to 
50% of  its m a x i m u m  value wi thout  s ignif icant ly 
decreas ing the l igh t -minus-dark  g =  2.0 signal, 
since the electron f rom P-700 could  be t ransfer red  
to the second g = 1.77 centre. 

In  a fur ther  exper iment ,  centre X was g radua l ly  
reduced  by  210 K i l lumina t ion  and at successive 
intervals  dur ing  the course of i l luminat ion,  the 
sample  was removed  from the 210 K e t h a n o l / s o l i d  
CO 2 bath,  cooled to 7.5 K and four signal sizes 
measured:  the g = 2.0 radical  signal size and the 
g = 1.77 X -  signal, each recorded  first in the dark  
and  then under  sa tura t ing  i l luminat ion,  the signal 
sizes were measured  at 7.5 K, the t empera tu re  
o p t i m u m  for the X -  signal, so that  any hea t ing  
effect dur ing  i l lumina t ion  should decrease ra ther  
than  increase the ampl i tude  of  the g = 1.77 signal. 
There  was no i rreversible  increase in the ampl i tude  
of  ei ther the g = 2.0 radical  signal or the g = 1.77 
X -  signal after  i l lumina t ion  of the sample  at 7.5 
K. The  ampl i tude  of  the total  g = 1.77 X -  signal 
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recorded under  i l luminat ion  increases rapidly dur- 

ing the first 10 min  of 210 K i l luminat ion  and then 
cont inues  to increase, bu t  at a slower rate. This 

again is not  the expected result if there is only one 
X component .  If the ampl i tude  of the g =  1.77 
signal recorded under  cont inuous  saturat ing il- 
lumina t ion  represents the total X content ,  i.e., 

bo th  the stably reduced X in the redox state P-700 
X -  and also the reversibly reduced X in the redox 

state P-700 ÷ X - ,  no increase in the total ampli- 
tude of the signal (recorded under  i l luminat ion)  
would be expected dur ing 210 K i l luminat ion  if 
there were one X per reaction centre. If, however, 
there were two X's, an approximate  doubl ing  in 
the ampli tude of the signal would be expected, and 
this is indeed observed. Fig. 4 shows the ampl i tude  
of the reversible, l ight-minus-dark g = 2.0 and g = 
1.77 signals. The two signal sizes decrease linearly 

and in parallel, indicat ing that at 7.5 K all the 
electrons that leave P-700 on photooxidat ion are 
transferred to the g = 1.77 component(s) .  

If there are two X centres it is possible that the 

back reaction kinetics of P-700 ÷ X might differ 
for the two centres. Fig. 5a shows the kinetics of 

the decay of the g = 1.77 signal following a laser 
flash, the half-t ime for the decay of the signal was 
approx. 250 ms. This decay time did not  change 
appreciably as the g = 1.77 signal appeared dur ing  
210 K i l luminat ion  (Fig. 5b), al though the maxi- 

3. ~ 
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10 20 3'0 " 4'0 5'0 
210K illumination time rnins 

Fig. 4. Variation in the amplitude of the reversible g =1.77 
signal of iron-sulphur centre X and g = 2.00 signal of P-700 + 
induced by illumination at 7.5 K of PSI particles prepared 
with iron-sulphur centres A and B reduced before freezing, 
during the course of illumination at 210 K. O- . . . . .  O, Fe-S 
X- light-dark; • •, P-700 + light-dark. 

350 . .  

~ 250, 

,2'" 15C 

5¢ 

0 250 5o0 750 1000 2 6 10 14 18 22 26 30 
A t ime  f ins)  E~ 210K  i l l um ina t i on  t ime  (rnins) 

Fig. 5. (A) Kinetics of the decay of the g = 1.77 signal of 
iron-sulphur centre X induced by laser flash (0.6/~s) illumina- 
tion of PSI  particles frozen with iron-sulphur centres A and B 
reduced. EPR conditions as in Fig. 1. 256 repetitions were 
averaged with a repetition rate of 0.5 Hz. (B) The decay time 
( t)  of the flash induced g = 1.77 signal of iron-sulphur centre X 
in PS I particles frozen with iron-sulphur centres A and B 
reduced, as a function of time of illumination of the sample at 
210 K and reduction of iron-sulphur centre X. 

m u m  ampl i tude  of the t ransient  signal did de- 
crease. There is therefore no evidence for two 
kinetically distinct centres. 

To  ensure that a magnet ic  interact ion between 
the intermediary acceptors of P S I  and  centre X 

was not  affecting their signal sizes, the g = 2.0 

1201 • 
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~ 801 • • 
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• . . . . . . . . . . . .  
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.~  g 
~ 4 

~ 3 
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10 2O 3O 40  50 60 
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Fig. 6. The signal size of the g = 1.77 signal of iron-sulphur 
centre X during the reduction of A0A 1 by 230 K illumination 
of P S I  particles frozen with iron-sulphur centres A, B and X 
reduced. EPR conditions as in Fig. 1. 
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in te rmedia ry  acceptor  componen t s  were reduced  
by  230 K i l lumina t ion  of  an A, B and X-reduced  
sample.  At  intervals  dur ing  230 K i l luminat ion,  
the sample  was cooled to 7.5 K and the g = 2.0 
and 1.77 signal sizes measured  in the dark.  Al-  
though such an in terac t ion  was repor ted  in Ref. 
17, as Fig. 6 shows, no signif icant  change in the 
ampl i tude  of the g =  1.77 signal was observed  
dur ing  reduct ion  of the in te rmedia ry  acceptors .  
This result suggests that  a magnet ic  in terac t ion  is 
not  con t r ibu t ing  to the increase in the g = 1.77 
signal size observed in Fig. 4. The d iscrepancy  
be tween the results  ob ta ined  here and in Ref. 17 
appa ren t ly  reflects the different  sample  p repara -  
t ion condi t ions ,  with AoA~ reduced at a round  200 
K or  at room temperature .  I t  is not  clear  why this 
should occur  unless the reduct ion of frozen sam- 
ples prevents  conformat iona l  changes in the pro-  
tein. 

Discussion 

The results presented  here show that  the reduc-  
t ion of  X at low tempera tu re  is biphasic,  suggest- 
ing that  two e lec t ron-accept ing  centres  con t r ibu te  
to the spect ra  at g = 1.77. Al te rna t ive  explana t ions  
could  be p roposed ,  for example  that  the popu la -  
t ion of PS I is heterogeneous  or  that  X is in 
equi l ibr ium with an unident i f ied  componen t .  We  
cons ider  that  it is unl ikely  that  there is a heteroge-  
neous  popula t ion ,  as there is no evidence for this 
in the reduct ion of Fe-S A or  of A~A 0. It is impos-  
sible to exclude the poss ibi l i ty  of an unde tec ted  
in te rmedia te  in equi l ibr im with X. However ,  we 
th ink this is unl ikely  in view of the M6ssbauer  and 
spin quant i t a t ion  exper iments  which suggest there 
may  be two X centres,  a l though the presence of  
two X centres,  Fe-S A and Fe-S~ would  require  
16Fe per  P-700, in confl ict  with publ i shed  values 
of 12. We consider  that  our  results suppor t  the 
p roposa l  that  there are two X centres for three 
r e a s o n s .  

(1) The lack of corre la t ion  between the ampl i tude  
of the total  g = 1.77 X -  signal and  the ampl i tude  
of  the reversible, l igh t -minus-dark  g = 2.0 P-700 + 
signal. The appea rance  of  60 % of the m a x i m u m  
g = 1.77 signal dur ing  the first 10 min of 210 K 
i l lumina t ion  with only a 16% decrease  in the am- 
p l i tude  of  the reversible g = 2.0 signal due to P- 

700 + indicates  that  P-700 pho toox ida t ion  is virtu- 
al ly unaffec ted  by  reduct ion  of one-hal f  of the X 
conten t  of the sample.  This  suggests that  the maxi-  
m u m  g = 1.77 signal represents  two components .  
If bo th  these componen t s  can accept  electrons 
f rom P-700, it would  then be poss ible  to reduce 
one of  these componen t s  and so induce half  the 
m a x i m u m  g = 1.77 signal size wi thout  s ignif icant ly 
decreas ing the p-700 + signal size: 

n o g = ! . 7 7 X  signal: 

hp 
P-700 X1X 2 ~ P-700 + X~X 2 

half  max.  g = 1.77 X signal: 

P-700 X~- X 2 -~ P-700 + X 1 X~- 

max .  g = l . 7 7 X  signal: 

hu 
P-700 X~ X 2 ~ no P-700 + signal observed on i l lumination.  

(2) The fact that  the ampl i tude  of  the reversible 
g = 1.77 X signal induced  by sa tura t ing  low-tem- 
pera tu re  i l lumina t ion  is always less than half  the 
ampl i tude  of the g = 1.77 signal observed either in 
samples  in which X was reduced at room tempera-  
ture and then frozen, or  in samples  fully reduced 
by  210 K i l luminat ion.  If  the g = 1.77 signal were 
due to a single componen t ,  sa tura t ing  low temper-  
a ture  i l luminat ion  would  be expected to induce the 
max imum,  or near ly  the ma x imum signal size. If 
however  there were two g = 1.77 centres, the am- 
p l i tude  of the g = 1.77 signal that  appears  on low 
tempera tu re  i l luminat ion  would always be smal ler  
than the m a x i m u m  g = 1.77 signal, since at low 
t empera tu re  only one electron is avai lable  from 
P-700 pho toox ida t ion  for t ransfer  to the electron 
acceptors .  In  samples  reduced at room tempera-  
ture or by  210 K i l lumina t ion  more  than one 
electron can be t ransferred to the acceptors  and 
therefore  the signal size would be app rox ima te ly  
doub le  that  induced  by low- tempera ture  i l lumina-  
tion. 

Dur ing  the course of  210 K i l luminat ion,  the 
ampl i tude  of the g = 1.77 signal recorded under  
i l lumina t ion  at 7.5 K increases to app rox ima te ly  
twice the original  signal size. I f  there were only 
one g = 1.77 centre,  no increase in the signal size 
would  be expected.  



(3) When a sample with Fe-SA and Fe-S B reduced 
is illuminated at 210 K about half of the X is 
reduced with essentially no reduction of AoA1; as 
the second fraction of X is reduced A0A 1 becomes 
reduced. This result would be compatible with a 
model in which two X centres become reduced in 
each reaction centre, A0A 1 becoming reduced only 
when both Fe-S x centres are reduced. If the results 
reflected heterogeneity in the centres, reduction of 
A0A ~ would be expected to start as soon as any X 
was reduced. 

Each of these findings suggests that there are 
two g = 1.77 components. Because the g = 2.08, 
1.87 and 1.77 peaks attributed to centre X are very 
broad and all except the g = 1.77 peak are ob- 
scured by the strong and sharp signals of the 
iron-sulphur centres A and B, it is difficult to 
obtain accurate g-values in order to ascertain 
whether the two components have different EPR 
spectra. The finding that centres A and B appear 
to function in parallel [7], suggests that the two 
g = 1.77 or X components may also function in 
parallel: 

P-700 ---, A o ---, A1. ~ 
X 1 ~ FeS a 

X 2 --, FeS A 

Alternatively the two components may function 
in series with a branchpoint in the electron-trans- 
fer sequence occurring after the second X compo- 
nent: 

FeS B 
P-700 --* A o -~ A 1 --) X 1 ~ X2~ 

FeS A 

Kinetic measurements of the forward reaction 
would be the only way to distinguish between 
these two possibilities. 
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