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the other brought about by dislocation of components due to aging or DOC treatment. 
The latter pathway, involving reaction III,  would presumably be irreversible. 
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Photooxidation of cytochrome c by illuminated chromatophores 
of Rhodospirillum rubrum under anaerobic conditions 

The photosynthetic process in bacteria is thought to involve the simultaneous pro- 
duction of an oxidizing and reducing power in the bacterial chromatophore under the 
the influence of light. This oxidizing and reducing power would result from the 
shifting of electrons in the organized pigment system of the chromatophore, and would 
be expressed in the bacterial cell as cellular oxidation-reduction reactions. It has been 
shown by the experiments of VERNON 1 and more clearly by the work of FRENKEL 2 that 
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the reducing power can be used by the chromatophores of R. rubrum for a photo- 
reduction of pyridine nucleotides. The experiments described below reveal that it is 
also possible to demonstrate the oxidizing power produced by the chromatophore in 
terms of a photooxidation of cytochrome c under anaerobic conditions. 

The R. rubrum chromatophores used in these experiments were prepared by sonic 
oscillation of whole cells in a medium which was o.o4 M in tris(hydroxymethyl)- 
aminomethane buffer, pH 7.4, and IO % in sucrose, following which the particles from 
the centrifugal range of 25,ooo-6o,ooo × g were collected, washed once, and suspended 
in the same medium. When such chromatophores were exposed to light in the presence 
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Fig. I A. P h o t o o x i d a t i o n  of reduced  c y t o c h r o m e  c. T he  e x p e r i m e n t s  were pe r fo rmed  wi th  T h u n b e r g  
t u b e s  a d a p t e d  so t h a t  two  squa re  p y r e x  abso rp t i on  cells (i cm) were sealed to t he  t u b e  t h r o u g h  
a T joint .  In i t ia l ly  t he  m a i n  c o m p a r t m e n t  of t h e  a d a p t e d  T h u n b e r g  t u b e  con ta ined  8o # m o l e s  
t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  p H  7.4, i . o /~mole  MgC1 v 3 .o /*moles  D P N H ,  4.0 m g  cyto-  
c h r o m e  c and  R. rubrum c h r o m a t o p h o r e s  con t a i n i ng  0.073 m g  chlorophyl l  in a final vol. of 5.8 ml.  
The  side a r m  con ta ined  i o / , m o l e s  s o d i u m  p y r u v a t e  a d j u s t e d  to p H  7.0, 5 [ ,moles  KCN and  
0.5 m g  of twice- recrys ta l lyzed  lact ic  dehyd rogenase .  T he  a d a p t e d  T h u n b e r g  t u b e  was  e v a c u a t e d  
wi th  a v a c u u m  p u m p  th ree  t imes ,  w i t h  i n t e r m e d i a t e  f lushing  wi th  N v Th i s  procedure ,  p lus  the  
presence  of excess  D P N H ,  in su red  comple t e ly  anaerobic  condi t ions  in t he  tube .  T h e  c o n t e n t s  of 
t he  m a i n  c o m p a r t m e n t  were i n c u b a t e d  for i o rain to  insure  comple t e  r educ t ion  of t he  c y t o c h r o m e  c, 
following which  t he  c o n t e n t s  of t h e  side a r m  were t ipped ,  t h u s  r e m o v i n g  t h e  excess  D P N H  via  t he  
lactic d e h y d r o g e n a s e - p y r u v a t e  s y s t e m .  Fol lowing th is ,  Nz was  in t roduced  in to  t he  s y s t e m  again ,  
0. 3 ml  0.o 5 M s o d i u m  f u m a r a t e  added  to t h e  side a rm,  a n d  t h e  s y s t e m  re - evacua t ed  as qu ick ly  
as possible.  The  c o n t e n t s  of t he  m a i n  c o m p a r t m e n t  were t h o r o u g h l y  m i x e d  and  divided in to  two 
equa l  por t ions  in t he  two abso rp t ion  cells. One  cell was  covered  wi th  b lack  c lo th  a n d  a l u m i n u m  
foil, while t he  o the r  cell was exposed  to  whi te  l igh t  of a p p r o x i m a t e l y  1500 foot  cand le s  in tensi t ) ;  
a t  25 ° for t h e  period indica ted .  T he  cu rves  de s i gna t ed  b y  i r ep r e sen t  t he  r e su l t s  of such  an  exper i -  
m e n t ,  w i th  t he  solid l ine r ep re sen t ing  t he  i l l umi na t ed  s y s t e m  and  t h e  da shed  line r ep resen t ing  t he  
non - i l l umina t ed  control .  T he  arrow ind ica tes  t he  i n t roduc t i on  of f u m a r a t e  in to  t he  s y s t e m  by  
t ipping ,  m i x i n g  t he  cell c o n t e n t s  a n d  r ed i s t r i bu t ing  in to  t h e  two  abso rp t ion  cells. The  curves  
des igna ted  b y  2 r ep resen t  an  ident ica l  e x p e r i m e n t  wi th  t he  excep t ion  t h a t  following t he  ini t ial  
add i t ion  of p y r u v a t e ,  lact ic  d e h y d r o g e n a s e  and  cyan ide  f rom t h e  side a rm,  t he  cell c o n t e n t s  were 

hea t ed  a t  55 ° for 2o m i n  before beg inn ing  t he  exposure  to l ight .  
Fig. IB.  S i m u l t a n e o u s  p h o t o o x i d a t i o n  of r educed  c y t o c h r o m e  c a n d  p h o t o r e d u c t i o n  of D P N  by  
R. rubrum c h r o m a t o p h o r e s .  T he  r eac t ion  m i x t u r e  con ta ined  8 0 / , m o l e s  t r i s ( h y d r o x y m e t h y l ) -  
a m i n o m e t h a n e ,  p H  7.4, 4 m g  c y t o c h r o m e  c r educed  by  ascorbic  acid, 3 / , m o l e s  D P N ,  5 / , m o l e s  
KCN,  I / ,mole  MgC12, 2 m g  of p h o t o s y n t h e t i c  pyr id ine  nuc leo t ide  r educ t a se  f rom sp inach  and  
R. rubrum c h r o m a t o p h o r e s  e q u i v a l e n t  to o.o72 m g  ch lorophyl l  in  a final vol. of 6.0 ml.  In i t ia l ly  
t he  r educed  c y t o c h r o m e  c was  in t h e  s ide a r m  of t h e  a d a p t e d  T h u n b e r g  tubes ,  and  was  t ipped  af te r  
t he  s y s t e m  was  m a d e  anaerobic  a n d  j u s t  pr ior  to i l l umina t ion  of one a r m  of t h e  T h u n b e r g  t u b e  a t  
i5oo foot  candles .  The  r epor t ed  va lues  are a b s o r b a n c y  (optical  dens i ty)  differences be tween  t he  

i l l umi na t ed  a n d  n o n - i l l u m i n a t e d  s y s t e m s .  

Abbrev ia t ions :  DP N,  D P N H ,  oxidized and  reduced  d iphosphopyr id ine  nucleot ide.  
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of reduced cytochrome c under strictly anaerobic conditions, no change was noted 
until fumarate was introduced into the system from the side arm of the adapted 
Thunberg tubes, as shown in Fig. IA. Upon addition of fumarate, there was a rapid 
oxidation of cytochrome c in the fight, with a dark control of identical composition 
showing no change. Heating the chromatophores destroyed this activity. 

There have been previous reports of photooxidations catalyzed by R. rubrum 
chromatophores or whole cells. Thus, a photooxidation of cytochrome c by R. rubrum 
chromatophores was reported by VERNON AND KAMEN 3, but differed from the present 
experiment in that O, was strictly required. In the present experiments there was no 
O, present, as indicated by the lack of photooxidation before fumarate was added to 
the system. The requirement for O, in the photooxidation of cytochrome c reported 
by VERNON AND KmaEN prevented the assignment of such a photooxidation to the 
normal photosynthetic process in the cell. 

The spectrophotometric experiments on whole R. rubrum cells reported by 
CHANCE AND SMITH 4 and by DUYSENS 5 demonstrated that  light caused the cytochrome 
components of such cells to become more oxidized. The present experiment demon- 
strates the ability of chromatophores isolated from the cell to perform a similar 
reaction. The function of the fumarate is apparently to react with and remove the 
photochemical reducing power simultaneously produced, thus allowing the photo- 
chemical oxidizing equivalents to be used for cytochrome c oxidation. 

The photooxidation of cytochrome c by R. rubrum chromatophores can be 
coupled to the photoreduction of DPN, as shown in Fig. IB. By following the 
absorbancy changes at 34 ° m/~ and at 550 mt~, a simultaneous oxidation of cytochrome 
c and a reduction of DPN by illuminated chromatophores was observed. The rate of 
DPN reduction was not as great as it would be with succinate, but proceeds at a 
moderate rate. The photooxidation of cytochrome c persisted for only a short period 
of time, following which a reduction became apparent. This subsequent reduction was 
the result of the DPNH being formed in the fight interacting with the cytochrome c 
via the enzymic components of the chromatophore. This simultaneous photooxidation- 
photoreduction reaction was only observed with chromatophores which had been 
stored at o ° for a few days, since initially the DPN system would not support cyto- 
chrome c photooxidation. 
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