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Succinate oxidation is stimulated by addition of cytochrome c2 in eyto- 
chrome cwdeficient spheroplasts from the M6-mutant and from the wild type 
strain of Rhodopseudomonas capsulata. Inhibition of the alternative oxidase in 
the wild type by CO facilitates this observation. The finding confirms a dual 
role of cytochrome c2, in photosynthetic and in respiratory electron transport. 
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Die doppelte Rolle von Cytochrom c~ in Rhodopseudomonas capsulata 

Die Oxidation yon Succinat wird durch Zugabe yon Cytochrom e2 zu 
Cytochrom %-defizienten Sph~roplasten der Mutante M6 und des Wildtyps yon 
Rhodopseudomonas capsulata stimuliert. Die Itemmung der alternativen Oxi- 
dase durch CO im Wildtyp erleichtert diese Beobachtung. Der Befund best~tigt 
die Doppelrolle von Cytochrom c aim photosynthetischen und respiratorischen 
Elektronentransport. 

Introduction 

The purple non-sulfur bacter ia  (I~hodospirillaceae) are the only 
organisms which are able to respire and carry out photosynthesis  at the 
same time. Thus combining certain features of chloroplasts as well as of 
mitochondria  these bacter ia  are most  interesting objects to s tudy 1, also 
for evolut ionary aspects 2. They  possess a respiratory and a photosyn- 
thetic electron t ranspor t  chain in their continuous membrane  system, 
the relative amount  present  depending on the growth conditions, which 
also affect the degree of membrane  differentiationS. The interrelation of 
these two electron t ranspor t  pa thways  is under current investigation 
and a picture like in Fig. 2 might  be considered. I t  holds tha t  the two 
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p a t h w a y s  share certain componen ts  like ubiquinone,  cy tochromes  b 
and  @.  

The role of  cy toch rome  c2 as the immedia te  electron donor  for the 
react ion center  bacter iochlorophyl l  (P870) is f i rmly established, bu t  
conclusive evidence for the par t ic ipa t ion  of  this cy toch rome  in the  
resp i ra tory  p a t h w a y  was much  more difficult to  obtain.  These studies 
had been compl ica ted  by  the occurrence of  a branched resp i ra tory  
chain in I~hodospirillaeeae 1, and  only recent ly  was it possible to  
demons t r a t e  an obl iga tory  role of  cy toch rome  c2 in one of  the  respira- 
t o ry  branches  of  Rhodopseudomona8 capsulata. This was possible with a 
specific a n t i b o d y  against  cy toch rome  % f rom pho tosyn the t i c  cells, and  
spheroplasts  obta ined  f rom the  m u t a n t  M6, which had lost the 
a l te rna t ive  oxidase (b2a0 in Fig. 2) in the side p a t h <  However ,  to  
observe a clear inhibi t ion of  respirat ion by  the a n t i b o d y  it was 
necessary  to select a spheroplas t  p repara t ion  with a high conten t  on 
ey toch rome  c2 (50-60~;  4). So far  it was no t  possible to control  the 
ey toch rome  % con ten t  and usual ly 80 90~o are lost. 

The present  paper  shows t h a t  respirat ion of  spheroplasts  deficient in 
cy toch rome  cs can be s t imula ted  b y  readdi t ion  of  this ey toehrome.  This 
is demons t r a t ed  no t  only  for the m u t a n t  M6, bu t  also for the wild type  
s t ra in  of  Rhodopseudomonas capsulata. 

Methods and Materials 

Rhodopseudomonas capsulata, strain KB1 and mutant strain M6 were 
grown from agar stab cultures in the medium of Ormerod et al. as previously 
described 4, s. A 100 ml inoculum was first grown anaerobic in the light. This was 
then transferred to a 11 Fernbach flask, fitted for aeration and shaking, and the 
culture was grown at 27 ~ in the dark to mid logarithmic phase (ca. 20 h). For 
the M6~mutant 0.5 mg/ml ascorbate was included in the growth medium. 

Spheroplasts were obtained from washed bacteria by lysozyme/EDTA- 
treatment essentially as described before 5. After centrifugation of the incuba- 
tion mixture for 20 min at 10,000 x g, only the loosely packed part of the 
sediment was homogenized with the aid of cotton wool in 30mM Tris-HC1, 
pH 8.0, 50 mM Mg S04 and 20~ sucrose, and was centrifuged again. The final 
sediment was taken up concentrated in the same buffer, and a grain each of 
DNA'se and RNA'se was added. This spheroplast suspension was kept on ice 
for immediate use, or was frozen in liquid nitrogen after addition of glycerol to 
30~ (v/v), without loss of activity. Protein was determined by the method of 
Lowry 6. Respiration was measured in a stirred thermostated reaction vessel at 
30 ~ following Q-uptake with an oxygen electrode (Hansatech). The reaction 
mixture 4 contained in 1 ml, 30mM Tris-HC1, pHT.5, 50raM NaC1, 5mM 
EDTA, 10~ sucrose, spheroplasts equivalent to 1 mg protein and the amounts 
of cytochrome c2 and CN- specified in Fig. 1 and Table2. The reaction was 
started by the addition of 10 ~zmoles succinate in 10 ~1, through the'bore of the 
ground glass stopper of the vessel with the help of a syringe. 

Inhibition of respiration by CO was achieved by flushing the whole reaction 
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mixture including the spheroplasts in a 5ml Erlenmeyer flask, closed by a 
rubber septum, for 10 rain with a mixture of C0/02 of 80/20 (v/v) via injection 
needles with the aid of ~ gas mixing pump (WSsthof O.H.G., Typ M3/a F). 
Then the mixture was transferred with a syringe to the vessel with the oxygen 
electrode, and the reaction was started by addition of suecinate. 

Cytochrome % was isolated from 1401 anaerobic, phototrophic culture to 
near homogeneity by the procedure of Bartsch 7. 

The content of suspensions in cytochrome % was estimated by redox- 
difference spectroscopy with the split-beam mode of an Aminco speetrophoto- 
meter (DW-2 UV-VIS). After splitting the suspension into the two cuvettes, a 
grain of ferricyanide was added into each and a baseline was recorded between 
500 and 600nm. Then a small excess of ascorbate was added to the sample 
cuvette, and the difference spectrum was recorded on top of the baseline. For 
the difference in absorption at 551nm an ~ of 20 mM -1 em 1 was taken. 

Lysozyme, DNA'se and RNA'se were purchased from Sigma. 

Results 

Tab le  1 summar i ze s  the  r e l a t ive  a m o u n t s  of  c y t o c h r o m e  % found  in 
sphe rop la s t s  of  the  wi ld  t y p e  s t r a in  (3 expe r ime n t s )  and  of the  M6- 
m u t a n t  (2 expe r imen t s ) ,  a f te r  t he  f i rs t  a n d  second  s e d i m e n t a t i o n ,  a n d  
in the  co r r e spond ing  s u p e r n a t a n t s .  On ly  5-24~o of  the  or ig ina l  cy to-  
ch rome  % was r e t a i n e d  in the  w a s h e d  sphe rop las t s .  This  a m o u n t  var ies  
cons ide rab ly ,  as no t i c ed  beforeS. 

Suce ina te  r e sp i r a t i on  in these  c y t o c h r o m e  e 2 def ic ient  sphe rop l a s t s  
can be s t i m u l a t e d  b y  a d d i t i o n  of  e y t o e h r o m e  ez (Table2) .  The  almost.  

Table. 1. Liberation of cytochrome c 2 .from aerobically grown Rhodopseudomonas 
capsulata by 8pheroplast formation 

Spheroplast were prepared from cells grown aerobically in the dark and isolated 
by centrifugation as described under Methods. The contents of cytochrome % 
were estimated by redox-differenee-spectroscopy as also described. 100~ 
corresponds to 1.2 and 1.8 ~moles eytoehrome % per g protein in the wild type 

(wt) and in the M6-mutant  strain, respectively. 

~o cytochrome % 

wt M6 
Exp. 1 2 3 1 2 

Incubation mixture 100 100 100 100 100 
Sediment 1 14 26 10 26 16 
Supernatant  1 86 74 90 74 84 

Sediment 2 5 2t  9 19 24 
Supernatant  2 9 5 1 7 2 

54* 
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Table 2. Stimulation of succinate respiration in spheroplasts from Rhodopseudo- 
monas capsulata by cytochrome c2 

The preparation of spheroplasts, the assay for 02-uptake and the incubation 
with CO is described under Methods. M6 stands for M6-mutant, wt for wild 

type and % for cytochrome e2. 

IEUO2-uptake 

- -  + 10 -5 M CN- 

M6 0.012 0.003 
M6 + 12 FM ce 0.031 0.003 

wt 0.057 0.057 
wt + 12 ~M e2 0.080 0.061 
wt + CO 0.022 0.020 
wt + CO + 12 t~M ce 0.047 0.020 
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Fig. 1. Titration of succinate respiration in spheroplasts of Rhodopseudomonas 
capsulata with cytochrome c~. A shows the titration of 02-uptake by @hero- 
plasts from the M6-mutant and from the wild type (wt), + / - C O .  B shows the 
double-reciprocal plots of the cytochrome c2-stimulated increments of 02- 
uptake. Preparation of spheroplasts, assay of 02-uptake and incubation with 

CO is described under Methods 
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complete inhibition of Q-up t ake  by the M6-mutant  for low concentra- 
tions of CN- shows once more tha t  the alternative oxidase is not 
functioning s. In the wild type preparat ion the effect of eytochrome ee is 
seen bet ter  if the CN--insensitive oxidase is suppressed by CO 5. 
Oxidation of N A D H  was also stimulated by eytochrome c s (not shown). 

Fig. 1 shows the t i t rat ion of respiration with eytochrome c2 up to 
22 FM, which is not saturating yet. F rom the replot of the cytochrome 
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Fig. 2. Electron transport system of Rt~ogopseudomonas capsulata on a redox 
potential seMe. UnusuM symbols are : Ps7o reaction center bacteriochlorophyl] ; 
Q10 ubiquinone; bso, b260, b410 b-type cytochromes with midpoint potentials of 
50, 260 and 410 mV, respectively; c a cytoehrome e2; Fe--S Rieske's iron sulfur 

protein; SDH suecinate dehydrogenase; DH NADH-dehydrogenase 

%-dependent increments of Q-up t ake  in Fig. 1 B one can estimate a 
ES]0.5 of about  20 ~M, for each of the three titrations. This value is at  
least ten times higher than the one corresponding to the endogenous 
amount  of cytochrome % per mg protein present in the suspension 
before separation of the sphcroplasts (s. Table 1), which suggests tha t  
the cytochrome is not  firmly bound by the cytoplasmic membrane, but  
is concentrated in a mobile form in the periplasmie space of the cell. 

Discussion 

The results of this paper confirm our previous, immunological 
experiments4, showing tha t  eytoehrome % is an electron t ransport  
component shared by the photosynthet ic  , and one braneh of the 
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respiratory electron t ranpor t  in the membranes of Rhodopseudomonas 
capsulata. This additional independent proof was desirable because the 
effect of the ant ibody depended on the condition of the spheroplasts 
tested. In particular a relatively high cytochrome c2 content seemed 
necessary, which could not be reliably reproduced. 

Together with the older observations tha t  cytochrome % reversibly 
changes its redox state in situ during cycles of aerobiosis/anaerobiosis, 
tha t  it can not  be oxidized in a mutan t  lacking the oxidase, cytochrome 
b410, and that  the decreased content of spherop]asts in cytoehrome c2 is 
accompanied by a loss of CN--sensitive respirationS, s, our results 
firmly establish the dual role of cytochrome ca as depicted in Fig. 2. The 
same conclusion can be drawn from recent studies with cytochrome c2- 
negative mutants  of Rhodopseudomonas capsulata 9,10. A similar dual 
role for ubiquinone and the eytoehrome bs0-eomplex seems feasible, but  
has not  been established yet. Another component shared by the 
respiratory and the photosynthet ic  pa thway of energy conservation is 
the ATP- forming  membrane complex 11. For  both cases, the A T P -  
synthetase and cytochrome ca, it is not  clear whether a common pool or 
two separate portions exist. Prel iminary studies with mixotrophically 
grown Rhodoloseudomonas capsulata M6 show, however, tha t  most of 
the cytochrome c2 contained by the cells can be oxidized either by light 
or by  aeration, suggesting one common poop 2. 

We believe tha t  components common to the photosynthetic  and 
respiratory pathways of I~hodospirillaceae like the widely distributed, 
peripla,smieally located 13 cytoehrome c2, reflect the economy of the cell 
and are general phenomena in facultat ive photosynthet ic  bacteria, not  
just specific for Rhodopseudomonas capsulata. 

Acknowledgement 

We are indebted to Mr. G. Versch for carrying out part of the experiments, 
and to Mrs. E. Herold for technical assistance. The work was supported by the 
Deutsche Yorschungsgemeinschaft. 

References 

1 A. Baccarini-Melandri and D. Zannoni, J. Bioenerg. Biomemb. 10, 109 
(1978). 

2 E. Broda, The Evolution of the Bioenergetie Processes. Pergamon Press. 
1975. 

3 j .  Oelze ~nd G. Drews, Bioehim. Biophys. Acta 265, 209 (1972). 
4 A. Baccarini-Melandri, O. T. G. Jones, and G. Hauska, FEBS-Letters 86, 151 

(1978). 
5 D. Zannoni, B.A. Melandri, and A. Baccarini-Mdandri, Bioehim. Biophys. 

Acta 449, 386 (1976). 



The Dual gole of Cytochrome ca 827 

6 0 .  H, Lowry, 5 T, J. Rosebrough, A. L. Farr, and R. J. Randall, J. Biol. Chem. 
193, 265 (1951). 

v R.G. Bartsch: 5{ethods in Enzymology (A. San Pietro, ed.), Vol. 23A, p. 344. 
Academic Press. 1971. 

s D. Zannoni, B. A. Melandri, and A. Baccarini-Melandri, Bioehim. Biophys. 
Aeta 423, 413 (1976). 

9 D. Zannoni~ R. C. Prince, P. L. Dutton: and B. L. Marrs: FEBS-Letters 113, 
289 (1980). 

lo p. A. M. Michels and B. A. Haddock, FEMS-Letters 7,327 (1980). 
11 A. Baccarini-Melandri and B.A .  Melandri: FEBS-Letters 21, 131 (1972). 
12 A. Baecarini-Meland~i and B.A.  Melandri, unpublished results. 
18 R. C, Prince, A. Baccarini-Melandri, G. Hauska, B. A. Melandri, and A.R. 

Crofts, Biochim. Biophys. Acta 387, 212 (1975). 


