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Previous work2 has indicated t h a t  ribulose-1,s-diphosphate a c t s  as  

the  primary carbon dioxide acceptor i n  photosynt;hesis, This conclusion 

was based upon observations with i n t a c t  photosynthetic organisms, He 

now wish t o  repor t  t he  demonstration of this carboxylation i n  a ce l l -  

f r e e  system, 

A ee l l - f r ee  preparation was ohtained from f r e s h l y  harvested Chlorella 

by five-minutes treatment a t  2-so i n  a 9 Kc, Raytlieon o sc i l l a t o r  and sub- 

sequent removal by centr i fugat ion of c e l l  x a l l  r a t e r i a l  a.nd remaining 

whole ce l l s ,  It has proved necessary t o  per fom all operations rapidly  

(20-25 minutes from harvest) and i n  %he cold ( < s o  Go) t o  obtain good fixa- 

t ion ,  Ribulose diphosphate was i so l a t ed  f ~ o n  Scenedesmus which were  E l l e d  

rap id ly  i n  ethanol a f t e r  t h i r t y  seconds nitrogen f lushing following steady 

s t a t e  photosynthesis in 4% carbon dioxide i n  &r, Such conditions l ead  t o  

maximm concentrations of r ibu lose  diphasphatee2 It was i so la ted  from the  

ex t r ac t  by phenol chromatography of s t r i pe s  of ex t rac t  an oxalie acid- 

washed Idhatman No, 4 f i- l ter  p q e r ,  carrying spots  of labeled ribulose di -  

phosphate a s  markers, 

($1 The work'described i n  t h i s  paner was sponsored by t he  U, S o  Atomic - bnergy Commission, 

( 2 )  J, h, Bassham, A, A ,  Bensor,, L, D, Kay, 11, Z, Hal-ris, A, T ,  Wilson 
and N, C a l ~ n ,  J, Am, "uem, Soc,, 7b, 1700 (S'%), 



RibuPcse d5phosphate or other subsC~ztes  were added ts the ex t r ac t  an3 

1.G. C 0, was int-kl~adueed i m e d ; a t e l ~ ,  The r e s u l t s  of one-x&nute expos-me t o  
CL. 

~ 1 4 0 ~  are embodied <r. T4%blc. 1. 

CampPernentary experiments with Labeled r f b ~ i b s e  diphosphate and t h f s  

preparaticu. demonstrated 9 t s  rapfd conversion t o  f r e e  sedoheptillose and a 

1mr9ety a/" no- rnetab03.f~. intermediates whfch suggests a shor t  l l fe t fme 

for t h i s  subs t ra te r  lfxrLt9rzg 4t.s s . ~ a f l a b i l f t y  f o r  caboxylat fono SimflarLy, 

labeled phosph~glyeerate was large& converted t o  a h n i n e  f n  tPmes longer 

than ffve nfnntes a t  ruom ternperakweo 

Phospboglycerate was 4derhffied by f t s  ehpomatographic mordfnates 

and oooLnamtograp.hy of the phosphatased compounds wfth authentic glycerfe 

acf d i n  f xir sclsrerit sys terns, The d e g a d a t i o 3  of Che labeled glycer lc  ac t  EL 

shawed iC@ rad:oact:vi%y :n the oarboxyl and nc (<%) detectable 

a c t f v i t y  f o r  the e u b o n o  

It. 4s c3,ear %ha$ the exwaets  aontafn a eiazpe (or  enzymes) capable 

of csta2ping the  earboxylaticn of r ibulose diphosphate, s p e f f  ical ly ,  to 

form phosphogPyoes9~ ae2do No i lntemediates between these compoundrr have 

been detected by thPs method wnfch would have. d e t ~ c t e ? .  a s  P f t t l e  as a,n mount 

c orre  spondlng to 5% sf $he phcsphsglyeerie acid  f omed, 

(3)  We wfeh t o  thank W O  J o  .Ao B a s s h  of t h f s  l a b o r a t ~ x y  for doing the  
degradations of glyeerf e acid smp1ees 



ERODUCTS FROM ONE MINIITE ~~8~~ FIXATION BY 

CELL-FFEZ PREPARATION FROM CHLORELGA 

Subskate added O,l p o l e s  

Ph0s~h3- 
glyceric 
acf d 

Malt.: 
acid  

Counts per m5nutz measured on paper chromatogram (self-absorption - 0 ~ 6 )  
fSxed during t he  f f rs t  minute fn Q02 ml.. s o h t f o n  containing contents of 
10  mg0 (wet  ~ f - g h t )  Chl3rella l ce l l so  

Tsolated by water e lu t i on  from ether-washed p q e r  chromatograms of known 
amounts of Scenedesmus ex t r ac t s  The amount, 0 , l  p o l e ,  w a s  calculated 
ass-ng a c e l l u l a r  e m c e n t r a t i  on of 1 ~ 3  Moles, 

It will be noted t h a t  f fxa t fon  with t h i s  substrate i s  markedly lower than 
with t b  others ,  Eluates of a s imf la r ly  t reated blank chromatogram a l so  
fnhfbSted f fxa t fon  due t o  toxic  eonst f tuents  remafnfng on the paper (eeg. 
phenol, 'quinme s , oxal ic  acf d ) , 

I n  longer f f x a t i o n  periods r ad ioac t i v i t y  became fncorporated i n  other tri- 
carboxylf @ acid  cycle tntermediates (suocf nfc, fumarf c and glutamfc acids) .  
Ro sugar phosphate l abe l ing  was observedo 

We a r e  indebted t o  Dr, Bn Lo Hareeker f o r  a sample of ribulose-5-P. 




