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P r e l i m i n a r y  N o t e s  

Periodic phenomena in photosynthesis as reflected by 
oxygen exchange of blue-green algae 

Periodic phenomena  with a more or less pronounced character  of damped oscillations have been 
observed in the t ime course of CO 2 uptake  and fluorescence during the t rans i tory  phases of photo-  
synthesis  1,z. Recently,  periodic f luctuations in reservoir sizes of photosynthe t ic  intermediates have 
been detected with isotope techniques ; they  occur as a reaction to a sudden change in CO 2 concen- 
t ra t ion  a. Unfortunately ,  l ight-dark and dark-light t ransi t ions do not  seem to induce changes of 
such strikingly periodic character  so far as photosynthet ic  intermediates are concerned 4. Never-  
theless, it is t empt ing  to speculate t ha t  any  periodic phenomena  in the t ime course of photo-  
synthesis  should be referred to, and can be best explained by, the cyclic and autocatalvt ic  
character  of the CO 2 fixation-reduction cycle proposed by CALVIN et al. 5. 

The purpose  of this communicat ion  is to show tha t  periodic phenomena  are encountered 
also in the photosynthe t ic  exchange of oxygen. 

The records of oxygen exchange presented in Fig. i were obtained during an investigation 
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Fig. 1. Records of oxygen  exchange obta ined b y  the method  of  BLZNXS AND SKOW. A 2o × 2o mm 
pla t inum electrode was covered by  a very thin layer of the respective alga. "Sensi t iv i ty"  given 
below for individual records means tha t  rate of O 3 exchange in ffl/min which would correspond 
to the full scale deflection of the galvanometer .  This value was adjusted by variat ion of galvano- 
meter  sensitivity. On the lower margin of the records dark str ips are found representing the 
intervals  of darkness;  with shor t  light and dark intervals their  length is given in seconds by  the 
figures on the records. The t ime marks  on the upper  margin are 3 ° sec apart .  On aerobic records, 
the basic line in the dark is the respiration line, i.e. zero of gas exchange minus  respiration. The 
compensat ion point  cannot  be established by  this method.  R 218 - Oscillatoria, 25 ° C, p H  5, 
air + 1% CO~, 2. Io 4 lux, sensit ivity 9.5" lO-2; R 812 - Oscillatoria, 4o°C, p H  7, air, 2- lO 4 hlx, 
sensit ivity 5.4" IO-Z at  point  b denoted by the ar row sensitivity changed to 2.7' IO-1; R 8 2 3 -  
Oscillatoria, 3 °0 C, p H  7, air, 2. lO 4 lux, sensit ivity 1.35' IO-Z; R 928b - OsciIIatoria, IO ° C, p H  7, 
ni trogen + 1% COz, 2. io a lux, sensit ivity 4.05" IO-l; R lO54 - Oscillatoria, 25 ° C, p H  7, air 
+ 1% CO~, 2. IO a lux, sensit ivity 1.35. IO-1; R 924 - Oscillato~'ia, 15 ° C, p H  7, air, 2- IOa lux, 
sensit ivity 4.05" IO-~; R 858 - OsciUcttori(*, 35 ° C, p H  7, air + i % CO 2, 2. IOa lux, sensitivity 
4.05" IO-1; R 817 - Oscillatoria, 4 ° °  C, p H  7, air, 2" IO a lux, sensit ivity ,5.4" ~o 1; R 927 - Oscil- 

o/ CO2, sensitivity, 4.5' Io--2. latorict, IO ° C, pH 7, ni trogen + 1 /o 
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of t he  p h o t o s y n t h e s i s  t ime  course  wi th  b lue-green  ( thermal)  algae. The  me thod ,  original ly proposed  
by  BLINKS AND SKO~,V 6, WaS used  wi th  modif ica t ions  descr ibed earlier ~. Here  it  m u s t  suffice to  
s t a t e  t h a t  t he  m e t h o d  works  wi th  m i n i m u m  hysteres is ,  so t h a t  it is especial ly sui table  for the  
s t u d y  of rapid  processes  in oxygen  exchange .  

Periodic osci l lat ions in oxygen  p roduc t ion  were observed bo th  unde r  aerobic and  anaerobic  
condi t ions ,  p rov ided  re la t ive ly  h igh  in tens i t ies  of i l lumina t ion  are applied.  T h e y  m a y  be found 
a t  t he  beg inn ing  of m a n y  dark- l igh t  t r ans i t i on  curves  (Fig. i ,  record 218). Very  often,  however ,  
t h e y  can  be  p rovoked  only  by  shor t  da rk  in te rva ls  and  are no t  seen on the  cor responding  induc t ion  
curves  following longer  per iods  of da rkness  (e.g. record 812). 

The  oscil lat ions are, as a rule, supe r imposed  on o ther  induc t ion  p h e n o m e n a  (records 218, 
812,928)  and  it  is on ly  a f te r  ve ry  shor t  in te rva ls  of da rkness  t h a t  the  axis  a round  which  the  oscil- 
la t ions  occur  becomes  a lm os t  hor izonta l  (R 823). T h e n  the  cha rac te r  of d a m p e d  oscil lat ions s t a n d s  
ou t  mos t  clearly. 

The  period of t he  oscil lat ions is an  exponen t i a l  func t ion  of the  t e m p e r a t u r e  (Fig. 2). W i t h  
c o n s t a n t  t e m p e r a t u r e ,  the  a m p l i t u d e  of the  oscilla- 
t ions  increases  wi th  l ight  in tens i ty .  

The  first peak  in oxygen  produc t ion ,  which  is 
charac te r i s t ic  of induc t ion  curves  unde r  h igher  l ight  
in tensi t ies ,  bears  an  a m b i g u o u s  re la t ionship  to t he  
r ema in ing  osci l lat ions on induc t ion  curves .  I t  m a y  
be observed  t h a t  af ter  longer  in te rva l s  of da rkness  
the  process  reflected by  t he  first peak  is cer ta in ly  
no t  per fec t ly  ident ical  wi th  t he  process  reflected by  
la ter  oscillations. 

Fig. 2. The  exponen t i a l  t e m p e r a t u r e  dependence  of 
t he  oscil lat ion period in oxygen  p roduc t ion  for one 
sample  of Oscillatoria. The  oscil lat ions were p rovoked  
by  shor t  da rk  in te rva ls  a t  a p p r o x i m a t e l y  t en  t i mes  
t he  s a t u r a t i n g  l ight  i n t ens i t y  for the  respect ive  t em-  

pera ture .  

lOC 

~o 
~ ' 5 (  - 

._c 2( - -  

.Q 

o 

0 

"F 

I I ~ I I I I I 
0 10 20 30 40 

Temperature (°C) 

Never the less ,  wi th  the  sho r t en ing  of the  da rk  in te rva l  a sor t  of fus ion of t he  first peak  wi th  t he  
following oscil lat ion is observed. (records 823, 928). 

P h e n o m e n a  which  m i g h t  bear  some  relat ion to those  j u s t  descr ibed are also observed  af ter  
ve ry  shor t  in te rva ls  of in tense  i l lumina t ion  unde r  aerobic condi t ions  (records io54 , 924, 817, 858). 
The  da rk  oxygen  exchange  following such  flashes reveals  a definite periodic character .  W h e t h e r  
these  are osci l lat ions of oxygen  p roduc t ion  or u p t a k e  canno t  be se t t led  on the  basis  of t he  in- 
comple te  i n fo rma t ion  avai lable .  Pa r t i c ipa t ion  of resp i ra tory  or a t  least  ox ida t ive  processes  in 
these  p h e n o m e n a  is rendered  probable  by  t he  fact  t h a t  no after-effects  are  observed  unde r  
anaerobic  condi t ions .  Connec t ion  be tween  these  p h e n o m e n a  and  some  charac ter i s t ic  fea tures  of 
aerobic l i gh t -da rk  t r ans i t i on  curves  is clearly d e m o n s t r a t e d  on records,  where  in success ive  
exposures  t he  l ight  in te rva l  was g radua l ly  lengthened .  
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