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Hash-induced oxygen woduction was studied by mass spectrometry in thylakoid particle preparations of the 
•amentous cyanobacterium Osc///ator/a c&dybea. Essentially, two oxygen L~ake phenomena related to 
Photosystem H were observed. First, photosynthetic oxygen evolution requires the wesence of a minimal 
thre~iteld quantity of oxygen. Under completely anaerobic conditions the pl~otosyntbetic water-splitting 
reaction does not occur. In nitrogen-flushed assays, a small oxygen uptake Wecedes oxygen evolution 
induced by a train of short saturating flashes. Second, flash-induced l~tesynthetie oxygen evolution was 
measm'ed in the presence of the oxygen isotope, tSOz, in the ambient atmosphere of the assay. The oxygen 
evolved was labelled with tSoz, which showed that the evolution reaction included an tso2-uptake 
phenomenon. The labelling density completely excludes tSo z exchange via HztSO (by respbntinn or other 
processes) and subsequent photosynthetic water splitting, since too little mixed (tsotSo) oxygen label was 
found. Since most of the label was found to be tSo z, the label could eome from h y d ~ e n  peroxide (or an 
equivalent) wodnced in the immediate vicinity of the S-state system. The deemupesitiea of t l ~  hydrogen 
peroxide appears to be managed by the S-state system (Sz) itself. Addition of exogenous hyckogen peroxide 
or the addition of high amounts of catalase does not affect the behevinor of our Weparatlm. The 
ikenomenon seems to be an inherent lwoperty of oor eyanobaeterium ami does not take ll tee in tobacco 
eMoroplasts under identical conditions. The phenomenon see~rs to play a role under natural conditions, also, 
and might be the consequence of the absence of two of the extrinsic polypeptides in cyanobeeteri& It is 
enhanced by high concentrations of oxygen in the ambient atmosphere and is diminished by low oxygen 
tension. 

Introduction 

In recent years we have studied the properties 
of the S-state system in the filamentous ~yano- 
bacterium Oscillatoria chalybea [1,2]. The peculiar- 
ity of these cyanobacteria is an appreciable oxygen 
yield under the first flash, which has been shown 

Correspondence: G.H. Schmid, UniversitJt Bielefeld, Fakul~t 
for Biolosie, Lehrstuhl ZeUphysiologie, D-4800 Bielefeld 1, 
F.R.G. 

to be due to metastable $3 [2]. Due to the life-time 
of this metastable S3-state we were able to demon- 
strate by mass spectrometry that, in particle pre- 
parations of the cyanobacterium which were sus- 
pended in H~eO-containing buffer and subjected 
to two preflashes, the addition of H~SO to the 
suspension medium and a subsequent third flash 
yielded tsO-labelled oxygen [3]. This, together with 
the isotopic distribution pattern of the evolved 
oxygen, showed that, after reaching the S3-state, 
oxygen is evolved from H~SO by one single flash 
[3]. The experiment confirms an experiment by 
Radmer and Ollinger [4] in which the authors, due 
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to the short ~ife..time of $3 in spinach chloroplasts, 
had performed the experiment essentially the other 
way round. They had suspended spinach chloro- 
plasts in H~SO containing buffer preflashed with 
two flashes, removed H~80 and resuspended the 
system in H~60. The third analysing flash yielded 
no 1sO-labelled 02. The conclusions drawn from 
our experiments and those of Radmer and O1- 
linger constrain any model of the mechanism of 
photosynthetic water splitting into a situation in 
which $2 and S 3 can seemingly not c~-ntain bound 
unexchangeable water. On the other hand, accord- 
ing to the literature, oxygen evolution should pro- 
ceed via formation of a 'cryptoperoxide', which 
would imply that S 3 under certain conditions 
should not exchange with the surrounding bulk 
water [5]. And indeed, in our previous articles 
[2,3,6], we already had indications for a bound 
'cryptoperoxide' or an equivalent condition, and 
came to the conclusion that possible equifibrium 
situations should not be neglected [3]. Most inter- 
estingly, we had observed that particle prepara- 
tions of the cyanobacterium required a ce~ain 
t.hzeo~hold oxygen partial pressure in order to be 
able to evolve oxygen [6]. No oxygen was evolved 
when the preparation had become too anaerobic. 
This property of Oscillatoria was not due to over- 
reduction, since addition of ferricyanide had no 
effect and was not, or to a much lesser extent, 
observed with higher plant chloroplasts or with 
'BBY particles' [6,7]. Our observation might show 
that a certain minimal amount of oxygen must be 
present or may be even bound before the oxygen- 
evolving apparatus becomes functional. This ob- 
servation has led us to study photosynthetic oxygen 
evolution in dependence on oxygen partial pres- 
sure by .means of mass spectrometry. By this tech- 
nique we were able to demonstrate the presence of 
another Photosystem-II-mediated 02-uptake phe- 
nomenon in particle preparations of the fila- 
mentous cyanobacterium. The uptake phenome- 
non seems to be connected with the S-state sys- 
tem. 

Materials and Methods 

Mass spectrometry 
All assays were performed with a modified 

magnetic sector field mass spectrometer type ' Del- 
ta' from Finnigan (Bremen, F.R.G.). The appara- 

tus, including the valve system used, is described 
in detail in at3 earlier publication [3]. All assays 
were performed in a measuring cell in which 2-3 
ml of the assay suspension were separated by a 7 
~m thick Teflon membrane from the gas space on 
the ion-source side. The schematic diagram of our 
measuring cell was described earlier [3,8]. The 
measuring cell was equipped with a gas-tight lid, 
which permitted flushing with different gas mix- 
tures but also injection of solutions as, for exam- 
ple, the addition of H~SO into normal water (i.e., 
H[60 -) containing buffer systems. Signals were 
recorded on an SE 130-03BBC Metrawatt three- 
channel recorder. Light flashes of 8 /ts duration 
were provided by a Stroboscope (1539A of Gen- 
eral Radio) and usually spaced 300 ms apart. 

It should be noted that our mass spectrometric 
assay system in which particle preparations, algae 
or chloroplasts are sedimented on a Teflon mem- 
brane, represents a condition in which the biologi- 
cal system continuously slips towards anaerobio- 
sis. This is because the Teflon membrane ~'V~,*rates 
the assay from the ionic source space (under high 
vacuum) and that the assay is in equilibrium with 
only a closed gas volume. The continuous deple- 
tion of the gas space and the assay mixture in 
equilibrium with it can be permanently measured 
by monitoring the actual 02 background in miUi- 
volts. Injections of defmed gas mixtures into this 
closed system estabfish the desired experimental 
conditions (see Figs. 1 and 4). 

Measuring procedure 
2 ml of the OsciUatoria preparation, equivalent 

to approx. 70 ltg chlorophyll or tobacco chloro- 
plasts [9] corresponding to 130 ttg chlorophyll in 
buffer containing only H1260 were given on the 
Teflon membrane in the measuring cell and were 
allowed to sediment on the membrane. It is im- 
portant that the membrane be completely covered 
by the solution and that the sedimentation film 
itself homogeneously covers the membrane surface. 
H~sO was purchased as 99 atom,S from Ventron. 
1sO 2 (98~) was from CEA-Oris, Bureau des Iso- 
topes Stables, Gif-sur-Yvette, France. 

Particle preparations 
Preparation of the filamentous cyanobacterium 

Oscillatoria chalybea particles was as described 



earlier [2] from 20-day-old c '~tuz~ g r o ~  ~.~ 
nitrate as the sole nitrogen source. Usually the 
filament digestion included treatments with 
glucuronidase (Boehringer-Mannheim) and Cel- 
luiase (Kinki Yakonlt, Japan) as described earlier 
[2]. 

Assay suspension 
The assay suspension usually containcd an 

aliquot of O~:ciilatoria particle preparations equiv- 
alent to approx. 70 / t g  chlorophyll, or, for com- 
parison, chloroplast preparations of N. tabacum 
var. John William's Broadleaf equivalent to 130 
P8 chlorophyll in 2 ml 0.06 M Tricine/0.03 M 
KCI (pH 7.5). 

Results 

In a previous paper we have shown that Oscil- 
latoria particle prepare.dons did not evolve oxygen 
under anaerobic conditions [6]~ The anaerobic 
condition was easily realized by flushing the mea- 
suring cell with nitrogen. After flughing with 
nitrogen, oxygen evolution was restored only if a 
minimal amount of oxygen was supplied to the 
gas space of the measuring cell. Fig. 1 shows this 
oxygen requirement of 02 evolution in Oscil. 
lawria. The figure shows that a threshold reg- 
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Fig. 1. Photosynthetic oxygen evolution measured as mass 32 
in a panicle preparation of O. cha/ybm. (a) Anaerobic condi- 
tions repr--~onted by a minlml oxysen background of 50 mV. 
(b) ge.~tivatlon of (a) by u g  the oxygen tension to a 
backgrmmd value of 53 mV. Normal oxygen content of air 
(21% O2) corresponds to a background value beyond the upper 

limit of our device, which lies at 12000 inV. 
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Fig. 2. Oxygen evolutior, measured as mass 32 (z602), as the 
consequence of one, two and three short saturating light flashes 
in a particle preparation of O. dm/ybm. The assay has been 
flashed with nitrogen to remove t602 from the assay. The~ 
after the gas phase was supplemented with a trace of zsO 2 
(9870) from the assay. The experiment shows that the evolution 

signal is preceded by a small uptake signal. 

ulation of 02 evolution exists, since a partial pres- 
sure corresponding to 50 mV oxygen background 
in our assay system does not permit oxygen evolu- 
tion. The inactivation of oxygen evolution is not 
due to an overreduction of the acceptor side of 
Photosystem II, since addition of ferdcyanide does 
not refieve the inhibition under anaerobic condi- 
tions. This inactive system is reactivated by a very 
sfight increase in 02 background, to 53 mY, a 
condition which yields an appreciable oxygen sig- 
nal (Fig. 1). The experiment shows that under 
really anaerobic conditions no oxygen evolution is 
possible in Oscillawria, which might furthermore 
imply bindin 8 of 0 2 prior to oxygen evolution, an 
assumption which is substantiated by the fact that 
we observe a rapid 0 2 uptake preceding the 0 2- 
evolving signal in nitrogen-flushed assays (Fig. 2). 

In the following experiment we analysed photo- 
synthetic oxygen evolution measured as the conse- 
quence of two or five saturating xenon flashes in a 
medium containing only HI,60 by monitoring the 
appearance of masses 32, 34 and 36 (Fig. 3a). The 
signal amplitudes of mass 34 and 36 correspond to 
the theoretical natural abundance of 0.2% of 1s02 
in natural air or water [10]. The suspension was in 
equilibrium with normal air, i.e., 21% 02 and 79% 
N2. Fig. 3b shows the same experiment ha which 
half of the ~602 content of the gas phase was 
replaced by ~s02 and Fig. 3c the corresponding 
experiment in which all the oxygen of the gas 
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Fig. 3. Photosynthetic oxygen evolution measured in a particle 
preparation of O. chalybea as the consequence of one, two and 
five short saturating fight flashes in an ambient atmosphere of 
21% 02/79% N2 in equilibrium with the assay mixture com- 
posed of normal H1260 containing buffer (no H[eO!). Simulta- 
neous recording of mass 32 (160160), mass M (160~SO) and 
mass 36 (ISotSo). Signal amplitudes measured in an assay in 
equilibrium with a gas phase: (a) of normal air; (b) in which 
half of the 1602 has been replaced by 1802; (¢) in which 98% 

of the oxygen is 1SO2. 

phase is tsO 2. It should be emphasized again that 
the suspension of thyiakoids contains only H[60. 
The overall conclusion from Fig. 3 is that the 

signal which measures photosynthetic oxygen 
evolution includes an O2-uptake phenomenon. In 
Fig. 3a the signal caused by five flashes yields an 
integrated value of 146 relative units, in Fig. 3b of 
100 and in Fig. 3c of 40 units. In the same sense, 
the integrated mass 36 signal increases from Fig. 
3a to 3c. Hence, 3602 evolution competes with 
3202 evolution. The sum of the integrated signeAs 
of the registered masses 32, 34 and 36 seems to 
remain constant, around approx. 160 units 
throughout all three experiments. The experiment 
of Fig. 3 shows that 02 uptake very close to the 
S-state system must have occurred in which the 
oxygen taken up is immediately and exclusively 
funnelled into oxygen evolution. An uptake phe- 
nomenon due to a respiratory process yielding 
H[sO, which then would be decomposed photo- 
synthetically, can be fully excluded, since the 5 ml 
]so~ used, for example, in the assay of Fig. 3c 
wo~ld yield, if quantitatively converted to H12sO, 
approx. 8/zl H12sO. However, in order to obtain a 
labeling level like that shown in Fig. 3c, approx. 
200-times that amount would be necessary, fully 
disregarding the aspect that, if the ~SO2 evolution 
observed proceeds via the splitting of H~O,  me 
main label should be found as ~60~sO in mass 34, 
which is obviously not the case. The lack of mixed 
label also excludes the obvious and spontaneous 
interpretation that the effect might be due to 
photoinhibition of uptake phenomena, such as 
inhibition of respiration in the same cyano- 
bacterial membrane [11], besides the unequivocal 
argument that our measuring device permits the 
simultaneous measurement of 02 uptake and 
evolution (Fig. 2). A further alternative interpreta- 
tion to be tested is 1So 2 exchange between water 
and the 0 2 gas phase in all S-states. This implies 
binding of H20 also to $2 and $3, a possibility 
which has been excluded by the earlier experi- 
ments of Radmer and Ollinger [4] and ourselves 
[3l. Since no or little l eo lSo  has been evolved, 
1So 2 evolution could come from H[BO2 or an 
equivalent and this H202 production seems to be 
contained in regular 02 evolution in O. chalybea 
(Fig. 3a). At this point it should be noted that 
Renger [5] has postulated that a cryptoperoxide 
should be involved in the water-splitting process. 
In the context of our experiment, this would imply 
that this peroxide should be able to exchange its 



oxygen to a large extent with 1802 of the gas 
phase. A diffi:ttity in this interpretatlon is that the 
1So 2 evolution observed in Fig. 3 seems not to be 
restricted to a certain flash number. The fiterature 
describes an anomalous oxygen evolution due to 
H202 under the first two flashes in CaCl2-washed 
Photosystem II particles of spinach, and this 
anomalous oxygen evolution appears to be en- 
hanced upon addition of H202 [12]. However, if 
H202 is added to our Oscillatoria preparation 
(experiment not shown), no effect on the oxygen 
evolution pattern is observed, which clearly shows 
that, if the 1so 2 production originates from H~sO2, 
its production location is precisely defined. In 
other words, the sites of production and its de- 
composition must be very close together and 
should, according to our analysis, be in the region 
of the S-state system itself. The observed evolution 
of 1602 and 1802 is sensitive to DCMU (experi- 
ment not shown), which demonstrates that H202 
serves, like water, as electron donor to the photo- 
synthetic electron-transport chain. In work by Berg 
and Seibert on CaC12-washed Photo,stem II par- 
tides of spinach [12], it appeare.~ that the H202- 
stimulated 0 2 production in these particles could 
be fully abolished by the addition of catalase. 
Addition of catalase in our assay system, even in 
high amounts  (experiment not shown), has no 
effect on the ~s02-evolution pattern, which con- 
firms our earlier data obtained by electrochem- 
istry [6]. The interpretation must be that the ad- 
ded catalase either does not have access to the site 
of H202 production and/or that the decomposi- 
tion is not handled by catalase but rather by a 
catalatic activity of the S-state system of the kind 
described by Mano et al. [13]. 

The phenomenon described in Fig. 3 has a 
strong dependence on the partial pressure of 
oxygen in the ambient atmosphere (experiment 
not shown). We know that 1s02 evolution is 
strongly dependent on the 02 dissolved in the 
assay mixture, whereas appearance of mass 32 
measured as the consequence of ten saturating 
xenon flashes depends hardly at all on the oxygen 
content of the assay solution. The dependence of 
oxygen gas exchange on the 1802 background in 
the assay is shown in Fig. 4. With a normal 
H~60-containing buffer system, hence no H~sO 
labelling, and with a normal ~602/nitrogen a ,u330- 
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Fig. 4. 02 evolution in a particle preparation of O. c/udybea 
induced by ten saturating xenon flashes spaced 300 ms apart. 
The assay contained buffer made up with only H~SO and was 
in equifibrium with a normal gas a ~ h e r e .  Upon this equi- 
fibrium tsO 2 was superimposed and permitted to diffuse into 
the system. The evolution of the mass signals 32, 34 and 36 is 

plotted in dependence on Lhe increasing ;$O 2 background. 

sphere in the gas phase being in equilibrium with 
the assay mixture, 5 ml zs02 were injected and 
permitted to diffuse into the assay mixture. The 
signals of oxygen evolved of masses 32 (t60160), 
34 (16OlSO) and 36 (lsOlsO) were plotted against 
the developing oxygen 36 background. The experi- 
ment shows the following, Evolution of oxygen 32 
(160160) is barely affected by the increasing back- 
ground of oxygen 36 (lSolSo) in the region mea- 
sured. Oxygen 36 evolution begins immediately. 
This experiment clearly shows that, taking to- 
gether all exchange reactions in which oxygen 36 
would be transformed to water (HI, sO), e.g., via 
respiratory reactions which take place together 
with photosynthetic reactions in the same mem- 
brane in cyanobacteria [11], these play only a 
minor role under our conditions in comparison to 
the described phenomenon, since oxygen-34 
(1601So) increases with increasing ls02 partial 
pressure only very slowly. 

If the phenomenon shown in Fig. 3 for O. 
chalybea preparations is analyzed with tobacco 
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TABLE I 

FLASH YIELD WITH NORMAL ATMOSPHERE, N. TABACUM 

Distribution of the flash yield of two, three and ten flashes fired on an assay containing chloroplasts of N. tabacurn var. John 
William's Broadleaf, an H~SO-labelied buffer system in equilibrium with a normal gas atmosphere of 1602 (21~) and N2 (79%). The 
assay contained chloroplasts corresponding to 135 pg chlorophyll in a total of 3.5 ml H~SO-labelled buffer containing 0.06 M 
Tricine/0.03 M KCI (pH 7.5), yielding a a-value of 0.274. Xenon flashes of 8 ps duration were fired 300 ms apart. The isotopic 
distribution of the O 2 evolved depends on the isotopic composition of the water. The theoretical distribution of 02 evolved was 
calculated according to 36: 34: 32 ffi a 2 : 2a(1 - a) : (1 - a) 2 with a being the atom fraction of 1SO depending on the measured m / e  
ratio according to a ffi 34 + 2 × 36/2 × (32 + 34 + 36) [14]. 

Isotope a Isotopic distribution of oxygen evolved 

(measured expected from the measured 
fraction) composition of 2 flashes 3 flashes 10 flashes 

H20 

160160 0.527 0.524 0.549 0.555 
16OlsO 0.26 :t: 0.008 0.398 0.410 0.39~ 0.300-0, A 
~SO180 0.075 0.066 0.055 0.062 

chloroplasts ,  the  type of  1sO 2 evolut ion connec ted  
wi th  an  O2-uptake p h e n o m e n o n  is absolute ly  no t  
observed.  Table  I and  Tab le  III show for tobacco 
chloroplas ts  tha t  in an  assay  wi th  H~sO labell ing 
in which the  regular  oxygen  a tmosphe re  ha s  been  
subs t i tu ted  by  1sO 2 in m u c h  the  s ame  way as  in  
Fig. 2, isotopic d is t r ibut ions  o f  the  f lash  yields are  
observed which  cor respond  to near- theoret ical  val- 
ues  of  the  water-spl i t t ing reaction. The re  is no  
indica t ion  o f  any  interference by  ano the r  O2-pro- 
duc ing  process  o f  the  k ind  show n  in  Fig. 3. I t  
shou ld  be no ted  tha t  the  da ta  o f  Tables  I and  II 
have  been obta ined  in an  assay  solut ion o f  am.- 
b ien t  02  content ,  which  cor responds  to 1000 m V  
oxygen  background .  A t  this  oxygen  con ten t  o f  the  
gas  phase  or  the  measu r ing  solution,  oxygen  
evolut ion in Oscillatoria always consis ts  o f  two 
componen t s ,  one  or iginat ing f rom water  and  one  

f rom hydrogen  peroxide.  A t  O 2 part ial  p ressures  
cons iderably  lower t han  those  used  in  Tab les  I 
a n d  II, n a m e l y  a t  a round  100 mV,  the  isotopic 
d is t r ibut ions  o f  oxygen  evolved in  Oscillatoria pre- 
para t ions  app roach  those  shown  for  tobacco chlo-  
roplas ts  in Tables  I a n d  II. Th i s  m e a n s  tha t  the  
oxida t ion  o f  the  c o m p o n e n t  p roduc ing  the  H~sO2 
is largely suppressed  a t  th is  O 2 part ial  pressure ,  
pe rmi t t ing  the  water-spl i t t ing react ion to occur  
exclusively. 

Diseuss lon  

Photosyn the t i c  oxygen  evolut ion  in  the  fda-  
m e n t o u s  cyanobac te r ium,  O. cha~bea,  exhibi ts  
several  peculiari t ies o n  wh ich  we have  previously  
repor ted  [1,2]. O n e  observa t ion  was  that ,  i f  oxygen  
evolut ion is m e a s u r e d  as  the  consequence  o f  shor t  

TABLE II 

FLASH YIELD WITH 1SO 2 ATMOSPHERE, N. TABACUM 

The assay conditions, including the HlaSo label, correspond to those in Table ! with the difference that the gas space between the 
suspension surface and the lid of the measuring cell was flushed with N2, and 5 m198~ 1So 2 was added. 

Isotope ~ Isotopic distribution of oxygen evolved 

(measured expected from the measured 
fraction) composition of 2 flashes 3 flashes 10 flashes 

H20 

160160 0.527 0.514 0.559 0.541 
160180 0.265 +0.026 0.398 0.379 0.362 0.391 
180180 0.075 0.106 0.078 0.068 



saturating flashes, the first flash always yields a 
substantial amperometric signal with the maximal 
flash yield usually appearing under the fourth 
flash [2]. This interesting sequence, when analysed 
in the 'four-state Kok model' [2], fits much better 
the prerequisites of the coherent Kok model than, 
for example, sequences of the green alga Chlorella 
reported many-fold in the literature. Such an 
Oscillatoria sequence, for example, does not seem 
to contain any abnormality under the first flash 
[15], a phenomenon which, however, complicates 
the well.known Chlorella sequences [16]. A signal 
under the first flash and maximal flash yield un- 
der the fourth flash is immediately reminiscent of 
work by ,~.kerlund [I~ on salt-washeJ ;nside-uu~ 
spinach thylakoids which have lost their two ex- 
trinsic 16 and 23 kDa peptides. In these particles 
an amperometric s~gnal appears, just as in Oscil- 
latoria, under the first flash and seems to be due 
to hydrogen peroxide. Just as in experiments by 
Berg and Seibert [12], ,~erlund observes that 
addition of H202 increases the signal and ad- 
dition of catalase abolishes it under the first and 
also under the second flash [17]. In our system this 
is clearly not the case. Addition of high amounts 
of H202 or of high amounts of catalase, even in 
very disrupted panicle preparations, never af- 
fected the phenomenon [6]. Nevertheless, we 
pursued the idea contained in the/~kerlund paper, 
above all, since cyanobacteria like Oscillatoria or 
Anacystis nidulans principally lack these two ex- 
trinsic peptides and thus under a variety of experi- 
mental conditions show calcium and chloride de- 
ficiency [18]. Our conclusion that the first ampero- 
metric signal was due to metastable S 3 and was 
inherent to Oscillatoria was supported by the ob- 
servation that a system comparable to that in 
Osciilatoria was found in greening oat etioplasts 
[191. 

The longevity of our S 3 permitted us to show 
that populating the S 3 condition, addition of H~SO 
and a subsequent analyzing flash led to evolution 
of tsOa-labelled oxygen [3]. Hence, our oxygen 
signal under a first flash is until now not neces- 
sarily related to the observation of Berg and Sei- 
bert [12] or ]~kerlund [17]. However, we also ob- 
served in O. chalybea two distinct oxygen uptake 
phenomena which are both inherent properties of 
the filamentous cyanobacterium and which are 
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both related to Photosystem II. In the first, we 
observe that photosynthetic oxygen evolution can- 
not occur under strictly anaerobic conditions. As 
Fig. 1 clearly shows, a threshold concentration of 
oxygen is necessary for the water-spfitting reaction 
to occur. This observation might be of interest in 
the context of observations of Pistorius and Gau 
[20] who show that a 47 kDa fiavoprotein which is 
a constituent of the Photosystem II complex in 
Anacystis nidulans probably .has redox properties 
on the donor side of Photosystem II. They show 
that the protein has binding affinities for Ca 2+, 
Mn 2+ and CI- and exhibits under in vitro condi- 
tions the properties of an amino-acid oxidase. In 
comp&d~n to *.his., the second oxygen uptake 
phenomenon, the one o3served in the present 
pap~, is a phenomenon which might be due to the 
fact that, on the one hand, cyanobacteria lack the 
16 kDa and 23 kDa protein and, on the other, 
generally contain an unsufficient coupling of elec- 
tron transport between the two photosystems [21]. 
Moreover, nitrate-grown Osdllatoria exhibits an 
excess of Photosystem II activity in comparison to 
Photosystem I activity. Due to these cir- 
cumstances, Oscillmoria thylako,;ds return part  o f  
their Photosystem-ll-generated reducing power to 
oxygen, forming hydrogen peroxide or an equiv- 
alent wb:.== is decow~osed by S a under oxygen 
evolution much m theway described by ilkerhmd 
[17,22] or by Johausen [23]. At any rate, the gener- 
ation of this H202 seems to take place in the 
immediate vicinity of the ~-sta~e system. We think 
that this oxysen-evolving . - ,~ t i on  also occurs un- 
der natural conditions in Osc///ator/a and there- 
fore will always be associated with oxygen evolu- 
tion due to the photosynthetic water-splitting re- 
action. Und~-r experimental conditions this oxygen 
evolution is for obvious reasons most pronoance~ 
under flash illumination and is observed to a 
much lesser extent under continuous illumination. 
The phenomenon is enhanced by high oxygen 
partial pressure and suppressed or dlmini.~hed by 
lower oxygen concentrations, dissolved in "&e re- 
action mediun~ 
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