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e i ther  phospho ry l a se  a or  b had  replaced the  original enzyme.  This  enzymica l ly  inac t ive  pro te in  h a d  
an sz0,w of 5.6, compared  to 13.2 for phosphory la se  a and  8.2 for phosphory l a se  b 5. The  s ed imen ta t i on  
p a t t e r n  of th is  p ro te in  is shown  in P ic tu re  A of Fig. I, where  an  excess  of PCMB is present .  An 
e x p e r i m e n t  conduc t ed  by  F.  R. N. GURD is i l lus t ra ted  in P ic tu re  B, in which  io  moles  of PCMB 
h a v e  been  added  per  mole  of protein,  equ iva len t  to 55 % of the  thiol  groups .  Area ana lys i s  of t he  
s ed imen ta t i on  p a t t e r n  indica tes  t h a t  6o % of t he  phosphory la se  has  been t r a n s f o r m e d  into the  l ighter  
componen t .  Th i s  exper imen t ,  and  o thers  of a s imilar  na ture ,  shows  t h a t  the  e x t e n t  of convers ion  
of phospho ry l a se  a to t he  l ighter  p ro te in  componen t ,  like the  e x t e n t  of t he  enzymic  inhibi t ion,  is 
p ropor t iona l  to t he  mola r  rat io  of P C M B  to protein.  

W h e n  cys te ino  is used  to reac t iva te  the  phosphory lase  a which  ha s  been comple te ly  inhibi ted 
by  PCMB, t he  e n z y m e  has  t he  usua l  s ed imen ta t ion  c o n s t a n t  for phosphory l a se  a, a n d  it  crystal l izes  
in t he  usua l  manne r .  The  s ed imen ta t i on  p a t t e r n  of such  " r e a c t i v a t e d "  phosphory la se  is shown in 
P ic tu re  C of Fig. I. 

I nac t i va t i on  of phosphory la se  b by  P C M B  is also accompan ied  by  a change  to a new molecular  
species which  ha s  a s ed imen ta t i on  c o n s t a n t  s imilar  to t h a t  of the  PCMB inhibi ted phosphory la se  a. 
On reversal  wi th  cys te ine  the  new molecular  species is conver ted  back  to phospho ry l a se  b only. 
I t  should  be no ted  t h a t  t he  molecular  weight  of phosphory la se  b (242,ooo) is half  t h a t  of phospho-  
ry lase  a (495,00o) 5. 

P re l imina ry  e s t ima te s  of t he  molecular  weight  of the  new molecular  species sugges t  t h a t  when  
p h o s p h o r y l a s e  a is inhib i ted  by  PCMB t he  pro te in  is spli t  in to  four  par ts .  The  phosphory l a se  b 
molecule  would  therefore  be expec ted  to be spl i t  in to  two par ts .  Upon  r emova l  of the  mercur ia l  
by  cys te ine  t he  pa r t s  recombine  to form a pro te in  which  is similar,  if no t  identical,  to the  original 
enzyme .  

F u r t h e r  inves t iga t ions  are in progress  and  it is hoped  to publ i sh  a more  deta i led  repor t  later.  
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C02 incorporation by extracts of Thiobocillus thioparus 

Thiobacillus thioparus, an  au to t rophic ,  n o n - p h o t o s y n t h e t i c  su l fur  bac te r ium,  derives its 
energy  f rom the  ox ida t ion  of inorganic  su l fur  compounds ,  and  like p h o t o s y n t h e t i c  o rgan i sms  
syn thes i zes  i ts  p ro top lasmic  cons t i t uen t s  f rom a tmosphe r i c  CO s. C h e m o s y n t h e t i c  au to t rophs  
p re sen t  as a ma jo r  p rob lem t he  m e c h a n i s m  of CO 2 f ixat ion.  

Recen t  expe r imen t a l  work  x has  es tab l i shed  t h a t  t he  first s table  p roduc t  fo rmed  du r ing  green 
p l a n t  p h o t o s y n t h e s i s  is phosphoglycer ic  acid (PGA). CALVIN AND MASSlNI 2 pos tu l a t ed  t h a t  the  
p r i m a r y  m e c h a n i s m  of CO s f ixat ion in p h o t o s y n t h e s i s  involved a ca rboxy la t ion  of r ibulose 
diphosl~hate resu l t ing  in the  p roduc t ion  of PGA.  WEISSBACH et al. 3 and  QUAYLE et al. 4, working  
wi th  sp inach  and  Chlorella ex t r ac t s  respect ively,  have  shown  t h a t  these  ex t r ac t s  can  syn thes ize  
P G A  f rom r ibulose d i p h o s p h a t e  and  CO v T h u s  far  th is  r eac t ion  ha s  been found  on ly  in pho to -  
syn the t i c  sy s t ems .  The  d a t a  p resen ted  below d e m o n s t r a t e  t h a t  ex t r ac t s  of T. thioparus, like those  
of p h o t o s y n t h e t i c  o rgan isms ,  can  conve r t  r ibulose d i phospha t e  and  CO s to PGA.  

Crude  a l u m i n a - g r o u n d  ex t r ac t s  of T. thioparus were i ncuba t ed  wi th  va r ious  s u b s t r a t e s  p lus  
rad ioac t ive  CO 2. A t  t he  end  of the  incuba t ion  period t he  reac t ion  m i x t u r e  was deprote inized 
wi th  t r ichloroacet ic  acid, and  t he  s u p e r n a t a n t  fluid ana lyzed  for to ta l  r ad ioac t iv i ty  (see Table  I). 
Of t he  va r ious  s u b s t r a t e s  t es ted  only  r ibulose d i p h o s p h a t e  s t i m u l a t e d  the  incorpora t ion  of radio- 
ac t ive  CO 2 *. 

To d e m o n s t r a t e  t he  presence  of 14C in the  fo rmed  PGA,  th is  acid was  isolated in the  foUowing 
manne r .  The  s u p e r n a t a n t  so lu t ions  of the  reac t ion  m i x t u r e s  were f r ac t iona ted  ind iv idua l ly  wi th  
Ba(OH)2 a t  p H  8.2 a f te r  t he  add i t ion  of carr ier  PGA.  P G A  is p rec ip i t a t ed  by  th i s  p rocedure  
a long wi th  hexose  d i p h o s p h a t e  and  var ious  nucleotides.  The  prec ip i ta tes  were collected, washed  

* Essen t i a l ly  s imi lar  resu l t s  were ob ta ined  in an  e x p e r i m e n t  carr ied ou t  in con junc t ion  wi th  
Dr. WILLIAM JACOBY. 

11 



[58 SHORI (OMMUNICATIONS) PRELIMINARY NOTES VOL. ] 8  ( I955)  

TABLE I 

EFFECT OF SUBSTRATES ON 14CO2 INCORPORATION IN EXTRACTS OF T h i o b a c i l l u s  th ioparu,~ 

Substrate added Total counts fixed in 
counts per minuh 

None o 
l o/*moles Ribose-5-phosphate  75 ° 
5/*moles Ribulose 1,5-diphosphate* 18,5oo 

IO/ ,moles  Citrate and io pmoles  Pyruva te  1,5oo 
I o/*moles Fructose-  I, 6-phosphate  1,66o 
I o/*moles Malate l, 21 o 

Incuba t ion  mix ture  contained 0. 3 ml crude extract ,  0. 3 ml o.I M Tris (hydroxymethyl )  
aminomethane  buffer p H  7.2, 5 # M  adenosinetr iphosphate,  o.o 5 ml lO -2 M NaF,  I / ,moles 
Na2!4CO a containing 7.4" lO6 cpm. Total  volume, 2.o ml. Reaction flask incubated at 3 °0 for 
12 minutes  in air. 

* No ATP present  in this reaction flask. 
Ribulose diphosphate  was kindly supplied by Dr. ARTHUR WEISSBACH. 

with water,  and their  radioactivi ty determined. The only precipitate which contained radio- 
activity was tha t  derived from the reaction mix ture  which contained ribulose diphosphate.  This 
precipitate was then dissolved in acid solution and placed on a Dowex-I  (2oo-4oo mesh) anion 
exchange column in the chloride form. The eluting solvent  was o.15 N NaCl plus o.o 5 N HC1, 
according to GOODMAN 5. Fract ions were analyzed for radioactivi ty and for inorganic phospha te  
after digestion of an aliquot of each fraction with HClO, and H,O=. Only one radioactive peak 
was eluted, and tha t  peak coincided with the known elution pa t te rn  of PGA. Thus, these da ta  
suggest  t ha t  all of the radioact ivi ty was contained in the PGA. 

The 14C distr ibut ion in the carbons of the isolated PGA was also studied. Crude extracts  of 
T. thioparus were incubated with ribulose d iphosphate  and 14CO2 for one hour. The components  
of the reaction flask were the same as those described in Table I. The PGA was isolated by  ion 
exchange chromatography ,  converted to glyceric acid with pota to  phosphatase*,  and degraded 
with periodate according to BASSHAM et al. 6. All of the radioactivi ty was contained in the carboxyl  
carbon;  no counts  were detected in the a- and fl-carbon atoms.  

Although extracts  of T. thioparus can synthesize PGA from ribulose d iphosphate  and CO 2, 
it is not  possible to conclude from these da ta  alone t ha t  this is the initial carboxylat ion reaction 
in whole cells. Whole cell exper iments  in which the bacteria are exposed for very shor t  t ime 
periods to radioactive COz are in progress, and these exper iments  may  provide evidence con- 
cerning the na ture  of the initial carboxylat ion reaction. 

F rom a compara t ive  biochemical s t andpoin t  it is interesting to point  out  tha t  to date the 
synthesis  of PGA from ribulose d iphosphate  and CO s has been found to occur only in autotrophic  
systems.  Fu r the r  work however  is necessary to establish the validity of this correlation. 
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" An unpublished method by Dr. ARTHUR KORNBERG which was kindly made available to us 
by  Dr. E. RACKER. 
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