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ABSTRACT 

T he  suggest ion is made  and the  evidence adduced tha t  ca ro t ino ids  
function t o  t r a n s p o r t  o r  conver t  the ene rgy  absorbed  by  chlorophyll .  
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In the foregoing ar t ic le '  some observations a r e  descr ibed on the photo- 
s ynthetic bacterium Rhodopseudomonas spheroides and some of i t s  mutants 
which indicate quite c lear ly that the presence  of visibly colored carotinoid 
within the cell  prevents  the killing of the cell  when i t  i s  exposed simultaneously 
to oxygen and light and that this killing i s  produced by light adsorbed by the 
bac teriochlorophyll in the absence of colored carotinoid. I t  m a y  be associated 
with a s imi lar  phenomenon descr ibed fo r  c a r  otinoid-deficient mutants of Chlo - 
re l la .  F o r  the l a t t e r ,  however, the requirement  of the presence  of oxygen 
m e  photokilling of the cell  has not yet been demonstrated, although i t  s eems  
likely that i t  will be. 

The suggestion i s  made therein that this "protective action" of the ca ro t i -  
noid may represent  a significant p r i m a r y  positive biological function of the caro t i  - 
noid which has survival  value and therefore,  by impbication, was and is a va r i -  
able upon which evolutionary selection was based. When an attempt i s  made to  
formulate  the molecular bas is  for this phenomenon (protection against photo- 
oxidative destruction),  a somewhat different point of view regarding the reasons  
f o r  i ts  existence presents  i tself .  

If one in terpre ts  the phenomenon in t e r m s  of an ability o r  function of the 
carotinoid to remove the 25 to 40 kcal of excitation energy f r o m  the chlorophyll 
i n  some useful way p r io r  to i t s  use in the activation of some oxidation reaction 
by molecular oxygen, the protective action a r i s e s  a s  an incidental resul t .  Photo- 
sensit ized oxidations by molecular oxygen and dyestuffs of the type of chlorophyll 
and by chlorophyll i tself ,  in fact,  a r e  v e r y  well known. The photosensitized 
oxidation of thiourea by chlorophyll has  indeed bean used in act inometry and 
the more  generaP@mtosensi%ized oxidation s f  a la rge  variety of unsaturated 
compounds by molecular oxygen has been studied in some detail .  

3D4 The mechanism for h is  sensit ized oxidation, a s  formulated byschenck 
has  been used by others5'  ' to  account fo r  a var iety of photaoxidations sensit ized 
by  porphyrins,  involves the transit ion of the f i r s t  excited singlet  s ta te  of the 
porphyrin into a long -lived (longer than 10 -3 second) t r iplet  s ta te  of the por - 
phyrin. ' 2  8 y 9  This t r iplet  s ta te ,  then, i s  presumed to combine with the 
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3 
paramagnetic oxygen molecule to fo rm a react ive peroxide. The react ive 
peroxide can then t r ans fe r  i t s  oxygen to a suitable r e d x t a n t ,  leaving the sensi t i  - 
zer  to re turn  to i ts  original ground s ta te .  Such rednctants have been substances 
such a s  ascar idol ,  e tc .  , 2  and other oxidizable mater ia l s  such a s  the thioctic 
acid disulfide. 

There  i s  evidence that precisely such a process  of absorption and transit ion 
to  a long-lived (longer than second) szate by chlorophyll takes place in the 
plastids of photosynthetic organisms lo,  "9 l 2  If the carotinoid were  to play a 
p a r t  in the t ranspor t  or transformation of the energy  f rom this s ta te  s o  that in 
rhe absence of carotinoids this state would have a grea ter  probability of active 
peroxide formation in the presence of molecular  oxygen, the phenomena above 
descr ibed would be expected to follow, Indeed, evid.ence for  the likelihood of 
such a function for  the carotinoid i s  a l so  found in another obssrvation descr ibed 
in the previous paper .  This is  the g rea t  reduction amounting almost  to the 
disappearance of the absorption bands at 8000 and 8550 f rom the mutant 
lacking colored carotinoid without any concomitant change in the porphyrin com-  
position of the cell  to which this might be attributed. As suggested in the previ -  
ous manuscript,  the disappearance of these absorption bands appears  to be due 
to  some change in the geometry of the plast ids .  More specifically, we would 
suggest that this absorption band i s  associated with the existence of a pi-complex 
between the carotinoid and the chlorophyll, models for  which a r e  to be found in 
the severa l  sys t ems  that have been descr ibed  by  scheibe13 cver the pas t  twenty 
years .  Such an interaction would indicate a c lose coupling between the electronic 
s ys terns of the two molecules and provide a very  effective pathway for  energ y 
t ranspor t  or  transformation. That such a t r ans fe r  may take place in  the r e v e r s e  
direct ion was demonstrated by the observation sf chlorophyll f luorescence in -  
duced by carotinoid light absorption. l4 

In this view the "normal" function of the carotinoid would be in one of the 
fallowing steps: ( a )  in the conversion of the long-lived electronic chlorophyll 
excitation into reducing and oxidizing agents (electrons and holes) ;*~  lo  (b) in 
the succeeding separat ion of these agents by a process  of conduction in the con- 
jugate chain; or  (c)  a s  a coenzyme in  the conversion of the initially formed axi- 
dant ( to  oxygen in the green  plant o r  to oxidize the hydrogen donor in  the photo- 
synthetic bacter ia) .  In performing any of these energetically useful functions 
i t  would, cf course ,  inhibit the photosensitized owidatiori s f  suck essent ial  s ens i -  
tive cell  constituents a s  disulfides and me:-csptans. An apparently alternative 
mechanism for  the "protection" would be for  the carotirioid to ac t  a s  "most 
favored" oxygen acceptor f rom the react ive peroxide. This would require  a 

D. F. Bradley and M. Calvin, P P O C ~  BTat. .Acad, Sei. (submitted).  
J. A .  Bassham and M.  Calvin, University of California Radiation Laborator  y 
Report No. UCBL -2853. Paper  on "Photcs ynthesis" for Currents  in Bio- 
chemical Research .  Vol. 11, h t e r s c i e n c e  Publ i shers ,  in p r e s s .  
w. 7' .  Witt, Z. PKysik. Chem. 4, 128 ( 1 9 5 5 ) .  
6 .  Scheibe, Z .  Elektrochern. 5 7 ,  283 (1948). 
E .  C.  Wassink and S.  A.  H. K e r Z e n ,  Erszymoiogia 11, 782 ( 1945). 
It i s  not unlikely that the exzra absorption bands mentioned in the previous 
paragraph a r e  charge - t ransfer  spec t r a  related ;o this pr aces5 . 
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a reductive process  for the regeneration of carotinoid and i t  might even be an 
energy-yielding process ,  in which case i t  would correspond to the third poss i -  
bility mentioned above. 

Since all  of these functions would be considered essent ial  s teps in the 
ability of a cell  to use light energy for growth, i t  i s  necessary  to recognize 
the requirement for something able to per form these functions, albeit l e s s  
efficiently, in the case  of the anaerobic photosynthetic growth of the blue-green 
mutant. This may  be the l e s s  conjugated phytoene, or some other a s  yet un- 
recognized cell constituent. 

This work was done under the auspices of the U.S, Atomic Energy 
Commission. 
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