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Carotenoid pigments and the stability of the cell membrane of Sarcina lutea 

The carotenoid pigments of non-photosynthetic bacteria are located within tile 
cell in association with the cell membrane ~-3, and have been shown to protect the 
cells against lethal photosensitization 4, s. It has been suggested 6 that one of the ways 
that carotenoid pigments might function would be by stabilizing such damaged mem- 
branes. Indeed, SALTON AND ETHISHAM-UD-DIN a a n d  SALTON AND FREER 7 found that 
occasional preparations of cells of the carotenoid-containing organisms 3licrococcus 
lysodeikticus and Sarcina lutea whose membrane-associated carotenoids were com- 
pletely depleted by growing the cells in the presence of diphenylamine lysed more 
readily, and membranes prepared from these cells appeared to be less stable. These 
observations and suggestions have prompted us to investigate whether carotenoid 
pigments play a role in stabilizing the cell membrane of S. lutea. In addition to di- 
phenylamine-treated cells, we used a colorless mutant which accumulates the colorless 
precursors phytoene and phytofluene, the same compounds which accumulate in 
DPA-treated cells. 

The organisms used in this study were a lysozyme-sensitive strain of S. lutca 
obtained from Dr. R. Y. Stanier, and a colorless mutant of this strain, nmtant  2win 
induced by exposure of the wild type to ultraviolet light. The (:ells were grown in 
nutrient broth (Difco) on a rotary shaker at 3 o°. For those experiments in which 
inhibition of production of colored pigment was desired, diphenylamine was added 
to the nutrient broth at the time of inoculation to give a final concentration of o. I raM. 
Diphenylamine was obtained from Distillation Products Industries, and lvsozvme 
from Nutritional I3iochemical Corp. 
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In order  to compare  the relat ive s tab i l i ty  of whole cells of wild type,  d iphenyl-  
amine - t r ea ted  wild type  and m u t a n t  2win to repea ted  centrifugati<m and resus- 
pension, the following exper iment  was performed.  Cells of each strain were suspended 
in o . i  M phost>hate buffer at  pH 7.o, and were centr i fuged at  5ooo :, g for 15 rain, 
then resuspended in the same superna tan t ,  and centr i fuged again.  This was done for 
a to ta l  of io  times. After  the  last centr i fugat ion,  an al iquot  of the  supe rna tan t  was 
rem<>ved for prote in  de te rmina t ionL the cell pellet  was then resuspended in the rest  
of the supe rna tan t ,  and the viable  <-ount was determined.  In all three cul tures  the  
vial>le count and prote in  leakage into the  supe rna tan t  solution were unaffected by 
repea ted  cent r i fugat ion  and resuspension,  indica t ing  tha t  the colorless cells were no 
more suscept ible  to lvsis under  this  mechanical  stress than were the p igmented  wild- 
type  cells. 

The osmotic  f ragi l i ty  of pr<~toplasts of the three  types  of cells was measured.  
Pro top las t s  were p repared  by  incubat ing  buffered 1.2 M sucrose solutions of cells con- 
ta in ing lysozyme (co ffg/ml) for e 4 h at  3o ' .  After  incubat ion,  a l iquots  were added  
to tubes  conta in ing different molar i t ies  of buffered sucrose for 3 ° rain, then, o . I -ml  
a l iquots  were p ipe t t ed  into tubes  conta in ing ei ther  5 ml of buffered i .z  M NaC1 or 
5 ml of phospha te  buffer ahme. The absorban<'es, at  (>5o nm, as a function <>f sucrose 
mola r i t v  are shown in Fig. x, where it can be seen tha t  there  were no significant 
differences in the osmotic s tabi l i t ies  <>f the  pro toplas t s  p roduced  from the three cul- 
tures.  In ano ther  exper iment ,  pr<>toplasts were produced in sucrose solutions of 
va ry ing  molari t ies ,  and  similar  results  were obta ined.  Thus, in exper iments  in which 
the lnolari t ies  of sucrose solutions were var ied  ei ther  af ter  <>r dur ing the format ion  
<>f pro toplas ts ,  we could find n<> significant differences in the s tab i l i ty  <>f p ro top las t s  
made  fr<>m ei ther  wi ld- type ,  d ipheny lamine - t r ea t ed  wi ld- type  <>r m u t a n t  2win <:ells. 

In the exper iments  jus t  described,  we have s tudied  whole cells and pro top las t s  
of fully p ig inented  wi ld- type  cells, and  two kinds of colorless cells (d iphenylamine-  
t r ea ted  wi ld- type  cells, and cells <ff m u t a n t  zwm, both der ived from the wi ld- type  
<'ells), which accumula te  the same kinds of col<Mess carotenoid  precursors.  In nei ther  
whole cells nor p ro top las t s  have we been able to find any  significant difference in 
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lqg.  I. S t a b i l i t y  of p ro top las t s  made  from cul tures  of w i ld - type  5". luh, a, dipt~enylamine (DPA)- 
t r ea t ed  wi ld - type  anll  n m t a n t  2wnl cells. The p ro top las t s  were t e rmed  d i rec t ly  in a pro toplas t -  
s t ab i l i z ing  concen t ra t ion  of sucrose 11.2 M sucrose in o.o 4 M phospha t e  buffer) and  then  t rans-  
ferred to v a r y i n g  concen t ra t ions  of buffered sucrose. Absorbances  of a p p r o p r i a t e l y  d i lu t ed  a l iquo t s  
were measured  in 1.2 M NaC1 in o.o5 M phospha t e  buffer, pH 6.8, aga i n s t  a b l a n k  of the  buffered 
NaCI solut ion.  I ' rev ious  e xpe r im e n t s  wi th  th i s  s t ra in  have  shown t h a t  phospha t e  buffer caused 
a m i n i n n l m  leakage  of caro tenoids  from cell f rac t ions  2. 
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t h e  f r ag i l i t y  of t h e s e  t h r e e  k i n d s  of cells  of S. Iuh'a. T h e r e f o r e ,  i t  a p p e a r s  t h a t  in 

S. luh'a, co lo red  c a r o t e n o i d  p i g m e n t s  p l a y  no  s i gn i f i c an t  role  in  s t a b i l i z i n g  t h e  cell 

m e m b r a n e .  T h e  o b s e r v a t i o n s  of SALTON AND ETHISHAM-UD-DIN a a n d  SALTON AND 

I:RI?RR: t h a t  o c c a s i o n a l  p r e p a r a t i o n s  of d i p h e n y l a m i n e - t r e a t e d  b a c t e r i a  s h o w  a de-  

c r e a s e d  m e m b r a n e  s t a b i l i t y  w o u l d  t h e r e f o r e  a p p e a r  n o t  to  be  r e l a t e d  to  t h e  effect  of 

d i p h e n y l a m i n e  on  c a r o t e n o i d  b i o s y n t h e s i s .  

T h i s  w o r k  was  s u p p o r t e d  in p a r t  b y  g r a n t s  to  M . ~ f . M . - R .  f r o m  t h e  Medica l  

l : o u n d a t i o n ,  Inc .  of B o s t o n ,  a n d  t h e  N a t i o n a l  Sc ience  l : o u n d a t i o n  ( G r a n t  No.  G B -  

8216) ,  a n d  to  N. I. K. f r o m  t h e  N a t i o n a l  Sc ience  V o u n d a t i o n  ( G r a n t  No.  G B 8 o 9 3  ). 
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