
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Grana-Like Structures of Synechococcus Cedorum

Permalink
https://escholarship.org/uc/item/4gg1380v

Authors
Calvin, M.
Lynch, V.

Publication Date
1951-10-23

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4gg1380v
https://escholarship.org
http://www.cdlib.org/




UCRL-1502 
Unclassified-Biology Distribution 

UNIVERSITY OF CILLrnRNIB 

Radiation Laboratory 

Contract No. W-7405-eng-48 

GRANA-LIKE STRUCTURES OF SYNECHOCOCCUS CEDORUM 

N. Calvin and V. Lynch 

October 23, 1951 

Berkeley, California 



-2- 
Unclassified-Biology 

UCPLl50 2 
Distribution 

GRAU-LIKE STRUCTURES Or '  SYTGChOCOCCUS CEDORw 

M. Calvin and V. Lyncl.1 

Radiation Laboratoq~ and Department of %emistry 
L 

University of California, Berkeley' 

During photosynthetic studies i n  this laboratory, the desire f o r  an 

organism possessing a simple in te rna l  structure prompted us to  investigate 

the blue-green algae. These organisms have occasionally been reported t o  

contain gra.na o r  chloroplasts, but the most widely accepted op*-ion is  

thet a l l  of t h e i r  pigments a r e  uniformly dis t r ibuted throughout the 

B pure cul ture  of a m t c e l l u l a r  blue-green alga, Smechococcus cedorm, 

was gown in an inorganic medium and one-day old c e l l s  were used to  inves- 

t i g a t e  the  pigment dis t r ibut ion,  

After  the  c e l l s  were harvested by centrifuging and washed with water, 

they were broken by grinding with aluminae2 The mixure  was diluted with 

water and centrifuged a t  2,000 g, f o r  10 nxinutes t o  remove unbroken ce l l s ,  

eel2 debr is  and altmina, A blue-green supernaLc;ant having a strong Tyndall 

e f f ec t  and s l i g h t  fluorescence uas obtained, This supernatant was then 

centrifuged in a r e f r i g e r ~ t e d  Spinco ultracentrifuge f o r  30 minutes a t  

36,000 g. PI c lea r  blue supernatant above a very minuUte green sediment was 

obtained. The absorption spectra of the i n t a c t  c e l l s  and of the several 

("1 The work described 
Energy C o ~ s s i o n ,  

FOT publication i n  

i n  t h i s  paper was sponsored by the U. S. Atomic 

Mature. 



0 
f rac t ions  were determined from 3,500 1 t o  7,500 A with E. Cary Recording 

Spectrophotometer. The curves of the aqueous solutions or  suspensions 

a r e  shown in Figure 1, 

The suspension of the  p e a  sediment (Figure 1, C m e  D) gives an 

absorption curve fo r  chlorophyll and carotemoids and the clear supernatant 

(~igu-re 1, Cwve C) shows the  absorption spectrum fo r  phycocpnin wit& 

no chlorophyll. Centrifugation a t  36,000 g. f o r  20 minutes gives a 

complete separation of the  two groups of pigments, ch iorophm and caro- 

tenoids associated with par t ic les  and phycocyanin i n  solution. Breaking 

of the c e l l s  bp ei ther  ul t rasonics  o r  nitrous oxide treatment3 gave the 

srm r e s u l t s  a s  obtained by dumina grinding. 

Zlectron micrographs of the  whole ce l l s  of Smechococcus cedonun 

and of the  green sediment ( ~ i g u r e  1, Curve D )  obtained a f t e r  breaking 

t h e  c e l l s  by ultrasonics and tCLtracentrifuging are shown in  Figure 2. 

The dark areas of the whole c e l l s  a r e  believed t o  correspond to  the 

pa r t i c l e s  obtained 

have a diameter of 

in the  whole c e l l s  

these prk ic les  a re  

These re su l t s  

by ultracentrif'uging. The polp tyrene  standards 
0 

2,600 A and from this the diameter of the part ic les  

appeared t o  be appro&latelx 2,200 8. Therefore, 

similar i n  s ize  t o  the gram of ckiloroplasts, 

show that a l l  of the chlorophy9il and carotenoids 

of Syneehococms cedorum a r e  associated with par t ic les  that will cen- 

t r i fuge  out at 36,000 g, and that the  p h y c ~ c j m n ~  i s  i n  solution. On 

the  basis of s ize and chlorophyll content, these par t ic les  of S ~ e c h o -  

coccus cdorum might be considered ayLalogous t o  the gsana of other 

green plants. There i s  a lso  experimental evidence t o  indicate that  

W e  pigments of the  photas~nthet ic  bacteria, ~ ~ o r o b i m ~  ind Rhcdo- 

5 
d 

sp i r i l lum,  are a lso  ag~ega ted  i n  par t ie l  es, 



We wish t o  thank D r .  Pliarybelle Allen f o r  the pure culture of 

Spechococcus cedorum and D r ,  Robley W i l l i a m s  f o r  taking the electron 

micrographs. 
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Captions Lo Figures 

Figure 1 - Absorption spectra of Smechococcus cedorum 

Curve A - Whole cells.  

Curve B - Supernatant (2,000 g.) from alumina-treated cel ls ,  

Curve C - Supernatant (36,000 g.) a f t e r  ultracentrifugation. 

Curve D - Resuspended part ic les  obtained from ultracentrifuga- 
tion, 

Figure 2 -- Electron micrographs of Smechococcus c e d o m  

(a) Whole c e l l s  ( the polystyrene standard is shown in the  
lower r igh t  corner). 

(b) Par t ic les  from broken c e l l s  sedimenting a t  36,000 g, 
Corresponding t o  Curve D of Figure 1.  h he completely 
opaque black ci rc les  (2) a r e  the  polystyrene standards- 
diameter 2,600 8 , )  
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Fig. 2 (a) 






