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The inhibition of muscle phosphorylase by p-chloromercuribenzoate* 

Muscle phost)horylase  does not  exh ib i t  m a x im a l  a c t i v i t y  unless cystemc,  g l u t a t h i one  1 or 
e t h y l e n e d i a m i n e t e t r a a c e t i c  acid (Versene) is present .  The poss ib i l i ty  t h a t  the enzyme migh t  require  
i n t ac t  thiol  groups  for normal  func t ion ing  was tes ted  by de t e rmin ing  the effect ,)[' p-chh~r(m/ercuri- 
benzoa te  (P('MII) on the a c t i v i t y  of the  enzyme.  Crys ta l l ine  t)hosphoryl~se a was p repared  fr(m~ 
r abb i t  muscle  by the  me thod  of (;RI,:V;N AND (?ORI g. I'CMB, in a bulIer  consis t ing  ~)t o.ool 5 .l/ Versene 
and o.o2 31 sodimn glycer(q)hosphate  a t  pH (7.8, was ln ixed with the phost>horylase a protein in 
the  same l)uffer. After  one ]Your a l n l  t h i r t y  m i n u t e s  a t  roolyl t e lnpe ra tu re  thc e n z v i n i c  :u ' l iv i ty  was 
de te rn l ined  by the  method  of ('ORI, CORI AND GREEN 1, us ing Versene in place ~1 the cvstcine.  

The results,  t a b u l a t e d  in Table  I, show t h a t  as the  molar  ra t io  of I ' ( 'MI '  t,~ ph()sph(~rvlase is 
increased the enzymic  a c t i v i t y  of the prote in  decreases  unt i l  inhibi t i (m is complete .  This inhibit i(m 
m a y  lye reversed comple t e ly  by the  add i t ion  of c y s t e i n e . . \  graph of the da ta  in Tal)le 1 i lMicates 
_ _  t h a t  there  is a d i rec t  l inear  r e la t ionsh ip  between the ex t en t  ~>f enzvmic  

inh ib i t ion  and the mola r  ra t io  ()1" P C M B t o t ) r o t e i n . . \ t > p n ) x i m a t e l y  i 7thi(H 
groups  per  mole of enzyme  are t i t r a t e d  by t h i s e n z y l n i c  meth~M, l:rom the  
a ln i l l o  acid compos i t ion  a the inax i lnu ln  nunll)el- ()f su l lhvdrv l  groups ~hich 
phosph(wyhlse  would 17o expected  to con ta in  is i ~. 
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THE EFFECT OF I)C)¢~B ON PHOSPHORYLASI-; tt A t ' r I V I I Y  

The enzyme,  a t  a concen t r a t ion  of l . - , . Io  ~ molar,  was lwe- incubated with 
var ious  concen t r a t i ons  of PCMB for qo mi nu t e s  a t  room t empe ru t u r e  before 

the enzymic  a c t i x i t y  was de t e rmined  on a l iquo t s  d i lu ted 2o times. 
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Fig. :. The effect of PCMB o n  the  s e d i m e n t a t i o n  p a t t e r n  of phosphory lase  a, 
t oge the r  wi th  the  r e a c t i v a t i o n  by  cysteine.  A. 6.6 m g / m l  of phosphory lase  a 
( 1 . 3 3 . 1 o  5 M )  af ter  t r e a t m e n t  w i t h  4 . o .  ~o 4 3l  PCMB. 4 ° '  p ic ture .  B.  7.0 
m g / m l  of phosphory la se  a af ter  t r e a t m e n t  wi th  IO moles of PCMB per  mole 
of prote in .  35' p ic ture .  C. 6.o mg /ml  of phosphory la se  a comple te ly  inhil) i ted 
by  2.5" I o  a k l  PCMB, then  r e a c t i v a t e d  by o.I 3 I  cyste ine .  35' picture .  

The thiol  groups  on the  t )hosphorylase  a p ro te in  were t i t r a t e d  wi th  PCMB by t i le  spectro-  
pho tome t r i c  me thod  developed  by  BOYER 4, and  a va lue  of 18.5 was obta ined,  in ag reemen t  wi th  
t i le  above results .  \Vhen the  ra te  of reac t ion  of phosphory l a se  wi th  PCMB was followed by  both 
enzvmic  aud spec t roph o tom e t r i c  m e thods  i t  was  found t h a t  second order k ine t i c s  were obeyed in 
b o g  cases, a l t lnmgh  there  was an in i t i a l  a n o m a l y  in the  l a t t e r  case. l ' h e  react ion as measured  spectro-  
p h o t o m e t r i c a l l y  was s o m e w h a t  fas ter  than  t h a t  measured  enzymica l ly ,  the  r a t e  cons tan t s  be ing  
51 and 43 l i ters  per mole per  second, respec t ive ly .  

When  reac t ion  m i x t u r e s  of PCMB and phosphory l a se  a were s tud ied  in the  a n a l y t i c a l  u l t r a -  
cen t r i fuge  it was found t h a t  a new molecu la r  species with a smal ler  s e d i m e n t a t i o n  c o n s t a n t  t h a n  

* This  work was suppor ted  by a g r a n t  from the  Rockefel ler  Founda t ion .  
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either phosphorylase a or b had replaced the original enzyme. This enzymically inactive protein had 
an s2s+ of 5.6, compared to 13.2 for phosphorylase a and 8.2 for phosphorylase b5. The sedimentation 
pattern of this protein is shown in Picture A of Fig. I, where an excess of PCMB is present. An 
experiment conducted by F. R. N. GURD is illustrated in Picture B, in which IO moles of PCMB 
have been added per mole of protein, equivalent to 55% of the thiol groups. Area analysis of the 
sedimentation pattern indicates that 60 o/0 of the phosphorylase has been transformed into the lighter 
component. This experiment, and others of a similar nature, shows that the extent of conversion 
of phosphorylase a to the lighter protein component, like the extent of the enzymic inhibition, is 
proportional to the molar ratio of PCMB to protein. 

When cysteine is used to reactivate the phosphorylase a which has been completely inhibited 
by PCMB, the enzyme has the usual sedimentation constant for phosphorylase a, and it crystallizes 
in the usual manner. The sedimentation pattern of such “reactivated” phosphorylase is shown in 
Picture C of Fig. I. 

Inactivation of phosphorylase b by PCMB is also accompanied by a change to a new molecular 
species which has a sedimentation constant similar to that of the PCMB inhibited phosphorylase a. 
On reversal with cysteine the new molecular species is converted back to phosphorylase b only. 
It should be noted that the molecular weight of phosphorylase b (242,000) is half that of phospho- 
rylase a (495.000)s. 

Preliminary estimates of the molecular weight of the new molecular species suggest that when 
phosphorylase a is inhibited by PCMB the protein is split into four parts. The phosphorylase b 
molecule would therefore be expected to be split into two parts. Upon removal of the mercurial 
by cysteine the parts recombine to form a protein which is similar, if not identical, to the original 
enzyme. 

Further investigations are in progress and it is hoped to publish a more detailed report later. 
The expert technical assistance of Miss CARMELITA LOWRY is gratefully acknowledged. 

Department of Biological Chemistry, Washington University School of Medicine, 
St. Louis, Missouri (U.S.A.) 

N. B. MADSEN 
c. F. CORI 

1 C. F. CORI, G. T. CORI AND A. A. GREEN, J. Biol. Chem.. 151 (1943) 39. 
s A. A. GREEN AND G. T. CORI, J. Biol. Chem., 151 (1943) 21. 
s S. F. VZLICK AND L. F. WICKS, J. Biol. Chem., 190 (1951) 741. 
4 P. D. BOYER, J. Am. Chem. Sot., 76 (1954) 4331. 
s P. J. KELLER AND G. T. CORI, Biochim. Biophys. Acta, I2 (1953) 235. 

Received June r7th, 1955 

CO2 incorporation by extracts of Thiobocillus thioptwus 

Thiobacillus thioparus, an autotrophic, non-photosynthetic sulfur bacterium, derives its 
energy from the oxidation of inorganic sulfur compounds, and like photosynthetic organisms 
synthesizes its protoplasmic constituents from atmospheric CO,. Chemosynthetic autotrophs 
present as a major problem the mechanism of CO, fixation. 

Recent experimental work’ has established that the first stable product formed during green 
plant photosynthesis is phosphoglyceric acid (PGA). CALVIN AND MASSIN+ postulated that the 
primary mechanism of CO, fixation in photosynthesis involved a carboxylation of ribulose 
diphosfihate resulting in the production of PGA. WEISSBACH et aL3 and QUAYLE et ak4, working 
with spinach and ChZoreZZa extracts respectively, have shown that these extracts can synthesize 
PGA from ribulose diphosphate and CO,. Thus far this reaction has been found only in photo- 
synthetic systems. The data presented below demonstrate that extracts of T. thioparus, like those 
of photosynthetic organisms, can convert ribulose diphosphate and CO, to PGA. 

Crude alumina-ground extracts of T. thioparus were incubated with various substrates plus 
radioactive CO,. At the end of the incubation period the reaction mixture was deproteinized 
with trichloroacetic acid, and the supernatant fluid analyzed for total radioactivity (see Table I). 
Of the various substrates tested only ribulose diphosphate stimulated the incorporation of radio- 
active CO, l . 

To demonstrate the presence of 14C in the formed PGA, this acid was isolated in the following 
manner. The supernatant solutions of the reaction mixtures were fractionated individually with 
Ba(OH), at pH 8.2 after the addition of carrier PGA. PGA is precipitated by this procedure 
along with hexose diphosphate and various nucleotides. The precipitates were collected, washed 

l Essentially similar results were obtained in an experiment carried out in conjunction with 
Dr. WILLIAM JACOBY. 
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