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Authors of controversial publications with regard to the S-transition spectra of the water-splitting enzyme 
system S together reinvestigated the transitions in isolated Synechococcus Photosystem II complexes. It is 
confirmed that the spectrum of the So-S 1 transition is different from the spectra of the S1-S 2 and $2-S 3 
transitions: at 355 nm, the S0-S t transition is more than three times smaller. The S0-S t transition is 
possibly due to an Mn(II) ~ Mn(llI) change, the latter ones due to Mn(IIl) --* Mn(IV) changes. 

During water splitting in photosynthesis four 
oxidation states, S0-Sa, are engaged in one 
turnover of the water-splitting enzyme system'S' 
[1]. The transitions between the different S states 
which are created successively through four 
turnovers of the photocenter Chl-all (P-680) are 
accompanied by absorbance changes in the ultra- 
violet [2]. Several attempts have been made to 
describe the absorption changes of the individual 
S-state transitions quantitatively [3-10], but dif- 
ferent results were obtained. The discrepancies are 
mainly due to the different ways of correcting for 
binary oscillations from the acceptor side of PS II, 
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the interpretation of absorbance changes caused 
by the 1st flash in dark-adapted preparations, and 
the deconvolution procedure for the S states over- 
lapping one another. The absorbance difference 
spectra of the S 1 ~ S 2 and S 2 --> S 3 transitions are 
characterized by a broad absorbance increase in 
the ultraviolet and are presumably caused by the 
oxidation of one Mn(III) to Mn(IV) [3,10]. Dekker 
et al. concluded from their experiments that in 
spinach membrane fragments also the S o ~ $1 
transition gives rise to very similar absorbance 
changes and, therefore, attributed also this transi- 
tion to an Mn(III)/Mn(IV) valence change (re- 
viewed in Ref. 8). Saygin and Witt [9,10], using 
highly active PS II preparations from the thermo- 
philic cyanobacterium Synechococcus sp., also ob- 
served the similarity of absorbance changes by the 
S 1 ~ S 2 and $2 ~ $3 transitions, but obtained 
rather strong evidence for a different contribution 
upon the S o ~ S 1 transition. This evidence is based 
on experiments in the absence and presence of low 
concentrations of hydroxylamine; in the latter case 
the 0 2 evolution is shifted backwards by two 
units. 
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The aim of this contribution is the reinvestiga- 
tion, by all the authors of the controversial pub- 
lications with regard to the S O ~ S 1 transition 
spectrum (see Refs. 4 and 10, respectively), of the 
oscillation patterns under normal, oxygen-evolv- 
ing conditions (i.e., in the absence of hydroxyl- 
amine) on the same object (Synechococcus PS II 
complex). It is confirmed that the spectrum of the 
S O ---, $1 transition is different from the other two 
transitions, S~ ~ S 2 ~ S 3, in this system. 

Oxygen-evolving PS II complexes were ex- 
tracted from membranes of the cyanobacterium 
Synechococcus sp., as reported by Schatz and Witt 
[11], and further purified to yield the SG-1 pre- 
paration according to RiSgner et al. [1]. The sus- 
pension for measurement contained 4 . 1 0  -8 M 
Chl ai~ centers, 0.01 M MgC12, 0.5 M mannitol, 
0.02 M M e s / N a O H  (pH 6.5) and 6 . 1 0  -4 M 
2,5-dichloro-p-benzoquinone (DCBQ). Due to the 
unusually high acceptor concentration, the binary 
oscillations from the acceptor side could be 
eliminated [10]. Absorption changes were mea- 
sured with a double-beam spectrophotometer as 
described in  Ref. 13. The dark-adaptation time of 
the samples was at least 30 rain, and the saturating 
laser flashes were spaced at 500 ms. For the 
deconvolution procedure of the S states which 
overlap one another, see Refs. 1, 4 and 10. 

Fig. 1 shows the absorption changes at 355 nm 
of dark-adapted PS II particles from Synechococ- 
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cus sp. as a function of flash number. From such 
measurements we determined three extinction 
coefficient changes indicated in Fig. 1 as Acre v, 
Acir~e v and A ~ x ,  Acr~ v mainly represents the 
absorbance decrease due to the S 3 ~ S O transition 
and, to a minor extent, a non-oscillating decay 
from the acceptor side [4,10]. The oscillating am- 
plitude of Ac .... which is proportional to the 02 
evolution, was determined by extrapolation, as- 
suming exponential and identical kinetics at all 
flash numbers (in Fig. 1 the half-time of the decay 
kinetics was 1.8 ms). Acidly and Acma x are corre- 
lated with S0-S 3 transitions (for details, see Ref. 
10). 

Fig. 2 shows the three A~ values in dependence 
on the flash number. The best fit of A~r¢ ~ (Fig. 2, 
top, closed circles) is obtained with a dark S-state 
distribution of 90% S 1 and 10% So, with 9.3% 
misses (a)  and 7.5%) double hits (fl)  upon each 
flash (Fig. 2a, open circles). With these S-state 
parameters the uncorrected A~i~  values can be 
deconvoluted (Fig. 2, center, closed circles). The 
best fit is obtained when for the corrected individ- 
ual values A% s = 750 M -1 .  cm -1, Acs~ s2 = 

0 ~  1 
2350 M - 1 . c m -  and Acs~_.s~ = 2450 M - 1 - c m  -1 
are used (Fig. 2, center, open circles). 

As discussed in Refs. 9 and 10, the value of 
A¢ma x (Fig. 2, bottom, closed circles) yields further 
information on the individual extinction coeffi- 
cient changes of the S-state transitions. The ab- 
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Fig. 1. Time-course of flash-induced absorption changes of dark-adapted PS II complexes from Synechococcus at 355 nm as a 
function of flash number. The dark time between the flashes was 0.5 s. The concentration of the particles was 4-10 -8 M. The 

external acceptor was DCBQ (6.10 -4 M) at pH 6.5. The pattern is the average of 14 measurements. 
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Fig. 2. Molar extinction coefficients Acre ~, A~i,~e~ and A~ma x 
corresponding to Fig. 1 as a function of  the flash number. Full  
circles: measured values; open circles: calculated values. Top: 
the oscillation of Acre ~ is proport ional to the O 2 evolution. 
From the f i t t ing procedure one gets the outlined parameters c~, 
fl and S 1 /S  o, responsible for the mixing of the S states. Center 
and Bottom: with the parameters of the mixing, the uncor- 
rected measured Aci,.~e ~ values and Ac~  x, respectively (full 
circles) can be deconvoluted (open circles), if one uses for the 
individual unmixed A% ~s,+t values those that are outlined 

in the figures. 

solute values of c depend strongly on the way of 
reading the numerical data from Fig. 1. Unaf- 
fected, however, is the result of the fitting that at 
355 nm the changes of the S O --, S] transition are 
again more than 3 times smaller than those of the 
S~ ~ S 2 and S 2 ~ S 3 transitions (Fig. 2, bottom, 
open circles). Similar experiments at 300 nm indi- 
cate that here also S O ~ S] gives rise to a smaller 
absorption change (not shown). The absorption 
change of the S O ---, S 1 transition should therefore 
be due to a different process, possibly an Mn(II) 

Mn(III)  transition as outlined in Ref. 10. Why 
the difference between the S O ~ S] and the S] ---, 

S 2 ---, S 3 transitions could not be observed (see also 
Ref. 8) in spinach PS II preparations [4], and also 
in preparations of spinach in which interference 
by a period 2 oscillation from the acceptor side is 
excluded [14], is not known and will be reinvesti- 
gated. The overall structure of the manganese 
cluster appears to be very similar in high plants 
and in cyanobacteria [15,16], so that differences in 
the Mn-oxidation states in the individual S states 
might not be the reason for the discrepancy. 

Note added in proof 

After this report was accepted for publication, 
LaVergne had published results on the spectro- 
scopic properties of the S states in Ref. 17. He 
also found that the difference spectrum of S o ~ S 1 
is different from that of S 1 ~ S 2 and S 2 --* S 3. His 
absorption changes at 355 nm are, however, prac- 
tically zero; whereas, in this report and in Ref. 10 
Ac(S 0 ~ So) --- 750 M -1 • cm -1 (355 nm). With re- 
spect to the A~(S 0 ~ $1) values in the whole UV 
region Saygin and Witt [10] found for S o ~ S 1 a 
very characteristic UV spectrum but smaller than 
for S 1 --+ S 2 and S 2 ~ $3; whereas LaVergne ob- 
served practically no spectral changes in the UV. 
In Ref. 10 the conclusions were also stronger 
because, besides the theoretical procedures for 
deconvoluting overlapping S states used in Ref. 10 
as well as in Ref. 17, Saygin and Witt additionally 
established conditions under which the character- 
istics of the S o ~ S 1 spectrum could be observed 
without a deconvolution procedure (the S o ~ S 1 
transition was shifted to the front of the flash 
train by addition of NHzOH in low concentra- 
tion). 
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