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SUMMARY 

I. Quantum requirements for the light-induced bleaching of P 84o in the green 
photosynthetic bacterium Chloroflseudomonas ethylicum were determined with actinic 
light mainly absorbed by chlorobium chlorophyll under a variety of conditions. 
The estimated values ranged from 12 to 8. 

2. Light minus dark absorbance difference spectra of Cfis. ethylicum suspended 
in distilled water indicate the participation of two cytochromes. 

3. Light-induced absorbance changes in the green spectral region of Cps. ethyl- 
icum suspended in distilled water suggest the reversible light-induced formation of 
a carotenoid-like pigment. This pigment may  be related to carotenoid synthesis. 

INTRODUCTION 

Experiments on the green photosynthetic bacteria have demonstrated the light- 
induced reactions of one or more cytochromes I and a pigment, P 84o, with amax imum 
absorption at about 84 ° n m  (refs. 2, 3). Some evidence has been presented 2,3 which 
suggested that  in green bacteria P 84o may be the site of a primary reaction of photo- 
synthesis: phenyl mercuric acetate, which probably inhibits the dark reduction of 
cytochrome, does not alter the rate of the photobleaching of P 84o but  inhibits its 
regeneration in the dark. Similar effects were found with a lowering of temperatureS; 
the dark reduction of cytochrome is inhibited and the rate of regeneration of bleached 
P 84o in the dark is inhibited. 

Under conditions in which the rate of the dark regeneration of P 84o is low 
(low temperature, addition of phenyl mercuric acetate) the lowest estimated quantum 
requirement for P 84o bleaching was IO (C. SYBESMA AND W. J. VREDENBERG, un- 
published). Earlier experiments 1 led to a lowest quantum requirement for cytochrome 
oxidation of 2. In view of this difference, further studies were performed on reaction 
rates of P 840 bleaching and cytochrome oxidation in the green photosynthetic 
bacterium Chloroflseudomonas ethylicum under conditions in which a low rate of dark 
reactions could be expected. Under such conditions the kinetics of absorbance changes 
in the blue spectral region suggested the involvement of a number of cytochrome 
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pigments  in the  l ight - induced reactions.  Therefore a thorough  scan of the  spec t rum 
of the  l ight - induced absorbance  changes was also made.  

MATERIALS AND METHODS 

Cps. ethylicum s t ra in  2K was grown anaerobica l ly  in the l ight  in a m e d i u m  
conta in ing 0.2 % e thanol  4,5 in closed bott les .  Pr ior  to the  exper iments ,  the  organisms 
from a 1-day-old  cul ture  were spun down in a cooled centr ifuge at  35ooo x g and 
resuspended ei ther  in dis t i l led wate r  or in a h igh-viscos i ty  med ium conta in ing  75 % 
(v/v) of a 50 % (w/w) solut ion of po tass ium g lycerophospha te  and 25 % (v/v) glycerol  
a t  p H  7.0. In  some cases samples  were t aken  s t ra igh t  from the culture. Care was taken  
to minimize  mix ing  with  air. The samples were measured  in I - r am- th ick  glass cuvettes.  

The exper iments  were carr ied out  wi th  a sp l i t -beam differential  spec t rophoto-  
mete r  descr ibed previously  6. Act inic  i l luminat ion  was ob ta ined  from an Aldis  slide 
projector .  The filters used for act inic i l lumina t ion  were a Schot t  74o-nm AL inter-  
ference filter in combina t ion  wi th  a Balzers Calfex B i K i infrared filter for far-red 
i l luminat ion,  and  a combina t ion  of the  Schot t  glass color filters BG 12, BG I8 and 
BG 38, each 2 m m  thick,  for blue i l luminat ion  (max imum at  435 nm). The in tens i ty  
of the  act inic  l ight  in most  exper iments  was abou t  0.2. lO _9 Eins te in .  cm -2. sec -1 for 
far-red i l lumina t ion  and about  0.8. IO 9 Eins te in-  cm -~. sec -1 for blue i l luminat ion.  

The  exper iments  a t  t empera tu re s  of near  o ° were carr ied out  b y  means  of 
a sample  holder  designed by  VREDENBERG 7 with  i ce -wa te r  as a coolant.  

Absorp t ion  spec t ra  were measured  with  a Unicam SP 700 recording spectro-  
photometer .  

RESULTS 

The q u a n t u m  requi rement  for P 84o bleaching in Cps. ethylicum was de te rmined  
for the  cells suspended in dis t i l led wate r  or in a mix tu re  of po tass ium g lycerophospha te  
and glycerol  and  at  t empera tu res  from 20 ° to o °. The ex t inc t ion  coefficient a t  840 nm 
was assumed to be lO 5 M -1 -cm -1 which is a p p r o x i m a t e l y  the  ext inc t ion  coefficient, 
in the  far-red spectra l  region, for bac ter iochlorophyl l  in purple  bac te r ia  8. The values 
of the  q u a n t u m  requi rement  for P 840 bleaching,  e s t ima ted  from a dozen exper iments  
under  a va r i e ty  of condi t ions and wi thin  a range of intensi t ies  of far-red and blue 
i l luminat ion,  ranged from 12 to 8. 

Suspending the  cells in a mix tu re  of po tass ium g lycerophospha te  and glycerol  
led to a severe inhibi t ion  of the  da rk  reduct ion at  20 ° of cy tochrome (measured at  
425 nm). This is demons t r a t ed  in Fig. I ,  where l igh t - induced  absorbance  changes at  
840 nm are compared  wi th  l ight - induced absorbance  changes at  425 nm in the  same 
sample  i l lumina ted  with  the same in tens i ty  (o.2. IO 9 Eins te in .  cn1-2, sec -1) of far-red 
(74o nm) light.  A l though  the da rk  regenera t ion  of P 84o is also inh ib i ted  by  the  me- 
dium, regenera t ion  seemed to be complete  wi th in  a few seconds, which is cer ta in ly  
not  the  case wi th  the  da rk  reduct ion of the  cytochrome.  This phenomenon has been 
observed earl ier  wi th  P 89o and cy tochrome in purple  bac te r ia  s,8 and with  P 7oo and 
cy tochrome in green p lants  7. 

When  cells of Cps. ethylicum suspended in dist i l led wate r  were examined  for 
l ight - induced absorbance  changes, a ve ry  slow reversible ' increase in absorbance '  
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Fig. 1. A comparison of the kinetics of absorbance changes at 84o nm (upper tracings) and at 
425 nm (lower tracings) of whole cells of a 1-day-old culture of Cps. ethylicum suspended in a 
medium containing 75 % (v/v) of a 50% (w/w) solution of potass ium glycerophosphate and 25 % 
(v/v) glycerol. The switching on and off of the actinic light at 740 nm (intensity of o.2. io  -9 
Einste in-era  2.see 1) is indicated by  upward  and downward pointing arrows, respectively. 

Fig. 2. The kinetics of absorbance changes at various wavelengths for whole cells from a I-day-old 
culture of Cps. ethylicum suspended in distilled water.  The switching on and off of the actinic light 
at 74 ° n m  (intensity of 0.2.1o ~ E ins te in . cm 2-see-l) is indicated by upward  and downward 
pointing arrows, respectively. The dark period between illuminations was 3o sec. 

was observed in the wavelength region from 38o nm to 9oo nm. This slow change was 
not very reproducible and is probably due to reactions not directly associated with 
photosynthesis. If, however, the dark period after each period of illumination was 
kept within about 3o sec, the kinetics of the absorbance changes were much more 
reproducible and show a multiphasic character. This was not (or to a much lesser 
extent) the case when the cells were suspended in growth medium, or at the very 
beginning of the experiment with depleted cells. Under such conditions only a fast 
change due to a cytochrome was observed. In Fig. 2 the kinetics of light-induced 
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Fig. 3- Spec t rum of light-induced absorbance changes in whole cells from a 1-day-old culture of 
Cps. ethylicum suspended in distilled water. I l luminat ion periods of 20 sec were separated by dark 
periods of 30 sec. O,  fast initial phase; O,  total s teady state minus fast initial phase. 
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absorbance changes at a number of wavelengths are shown for cells suspended in water 
and subjected to an illumination regime of 2o sec light followed by 3o sec darkness. 
I t  is clear that a fast initial phase is followed by a slower phase which reaches a steady 
state well within the illumination period and which has a different spectrum. A scan 
over the wavelength region from 38o to 6oo nln resulted in a light mimes dark ab- 
sorbance difference spectrum, a typical example of which is shown in Fig. 3. The fast 
initial phase has a spectrum which is very similar to the cytoehrome 422 spectrum 
observed previously 1. The slower phase shows a peak in the Soret region which could 
be due to a second cytochrome with a band at about 419 nm. 

In the green spectral region an increase in absorbance is observed with a rather 
complicated spectrum. The 3 peaks at about 5oo, 535 and 575 nm suggest the reversible 
light-induced synthesis of a carotenoid-like pigment, although no carotenoid with 
bands shifted to the red is yet known. No band shifts are found like the shifts observed 
by SMITH AND RAMIREZ 9 in purple bacteria. In order to check whether some kind 
of a light-induced synthesis was involved, absorption spectra of Cps. ethylicum of 
different ages were measured. Fig. 4 shows the absorption spectra of a 7-day-old 
culture and a I-day-old culture of Cfls. ethylicum. The main peaks at 745 nm are 
equalized. The aged cells show an increase in absorption in the region around 51o nm 
as compared with the young cells. 
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Fig. 4- Absorption spectra of a 7-day-old culture and a 1-day-olcl culture of Cps. ethylicum in 
growth medium. The absorption spectra were equalized at 745 nm. 

DISCUSSION 

The relatively large value of the quantum requirement for P 84o bleaching 
as compared with the quantum requirement for cytochrome oxidation 1 is difficult 
to explain, if the hypothesis that  P 84o is a site of a primary reaction of photosynthesis 
is correct. However, the quantum requirement for cytochrome oxidation was measured 
with actinic illumination at 81o nm (ref. I) which is near the maximum absorption 
of B 8IO, while in the present experiments P 84 ° bleaching was measured with actinic 
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illumination either at 435 or at 74o nm. If the energy transfer from 13 81o to P 84o is 
very effective as compared with the energy transfer from chlorobium chlorophyll 
and carotenoid to 13 81o, the quantum requirement for P 840 bleaching will be lower 
when illumination at 81o nm is used. On the other hand, one would expect that  the 
quantum requirement for cytochrome oxidation with actinic illumination at 74 ° n m  
would be higher. Indeed, values close to 5 were measured for the quantum requirement 
for cytochrome oxidation with actinic illumination at 74 ° nm (C. SYBESMA AXI~ 
W, J. VREDENBERG, unpublished). The relatively high value of the quantum re- 
quirement for P 84o bleaching may  be explained by the assumption made earlier 2 tha t  
P 84o is bleached only partially. 

The light-induced absorbance changes in the blue spectral region measured with 
cells of Cps. ethylicum in distilled water (Fig. 3) suggest the participation of a second 
cytochrome, which we shall call cytochrome 419 . Such a cytochrome was also found 
in the purple bacterium Rhodospirillum rubrurn TM. This cytochrome, which has a Sorer 
peak (at 42o nm) shifted to the blue, is seen in this organism too when the cells are 
suspended in distilled water. There are indications that  such a cytochrome also 
exists in Chromatium 7. GIBSON 11 found two distinct cytochromes with spectra very 
close to each other in Chlorobium thiosulphat@hylum, another species of green photo- 
synthetic bacteria. 

The slow changes in the green spectral region suggest a reversible light-induced 
formation of a carotenoid-like pigment. 

If the absorption spectrum (equalized at 745 nm) of an aged culture is com- 
pared with the absorption spectrum of a young culture, more absorption is present 
in the carotenoid region of the old culture (see Fig. 4). 

I t  is possible that  the observed light-induced absorbance changes are related 
to the synthesis of carotenoids. 
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