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W h e n  yeas t  cells (Saccharomyces cerevisiae) are ex t r ac t ed  wi th  cold t r ichloroacet ic  acid, a poly-  
p h o s p h a t e  fract ion labelled "so lub le"  is separa ted  f rom a second p o l y p h o s p h a t e  labelled " inso lub le"  
which  is re ta ined  in t he  res idue;  the  l a t t e r  f rac t ion can  be separa ted  f rom the  res idue  by  fu r t he r  
t r e a t m e n t  1. These  two p o l y p h o s p h a t e  f ract ions  in yeas t  are  repor ted  to have  different  me tabo l i c  
activit iesL~. I n  a s t u d y  of p h o s p h o r u s  m e t a b o l i s m  in yeast ,  addi t iona l  evidence has  been ob ta ined  
which  s u b s t a n t i a t e s  the  ex is tence  of these  two fract ions  wi th  different  metabol ic  act iv i t ies  3. The  
purpose  of th i s  C o m m u n i c a t i o n  is to  expla in  w h y  there  is a separa t ion  into two p h o s p h a t e  f rac t ions .  

Since pro te ins  below the i r  isoelectric po in t s  are polyelect rolytes  h a v i n g  polyca t ions ,  a n d  t he  
p o l y p h o s p h a t e s  exhib i t  po lyan ions  4, in te rac t ion  be tween  t h e  two to form prec ip i ta tes  will become  
accen tua t ed  as t he  size of e i ther  the  po lyca t ion  or po lyan ion  is increased.  Thus ,  a g iven  p ro t e in  
can  be expec ted  to  preferent ia l ly  precipi ta te  long-chain  f rom shor t - cha in  po lyphospha tos ,  as is 
d e m o n s t r a t e d  by  Table  I. 

T A B L E  I 

I N T E R A C T I O N  W I T H  A L B U M E N  I N  T R I C H L O R O A C E T I C  A C I D  AS  A F U N C T I O N  

O F  P O L Y P H O S P H A T E  C H A I N  L E N G T H  

Type of phosphate Number-average % Phosphorus 
chai~ length precipitated ~ 

NazO-P~O 5 glass i6 25 
G r a h a m ' s  sal t  85 52 
G r a h a m ' s  sal t  lO 5 58 
G r a h a m ' s  sa l t  13o 52 
G r a h a m ' s  sal t  230 84 
Kur ro l ' s  sal t  16oo ioo 
Mix tu re  of shor t - cha in  glass 46 % of to ta l  P as i6 

and  Kur ro l ' s  sal t  cha in  length ,  54 % of 52 
to ta l  P as 16oo cha in  

l eng th  

* Tes t  s y s t e m :  1. 5 ml  of I ~/O egg a l b u m e n  solut ion added  to 0.2 ml  of 1 %  p h o s p h a t e  so lu t ion ,  
washed  down wi th  0. 5 ml  wa te r  to  give clear solut ion.  Prec ip i ta te  fo rmed  on add i t ion  of i m l  of 
io  % tr ichloro-acet ic  acid. Mix tu res  cen t r i fuged  and  s u p e r n a t a n t s  hydro lyzed  in x N HC1 a t  IOO ° C 
and  e s t ima ted  for o r t h o p h o s p h a t e  colorimetr ical ly ~. B lanks  r u n  wi th  subs t i t u t i on  of egg a l b u m e n  
by  wate r  showed no precipi ta te .  

The  da t a  in Table  I show t h a t  t h e  a m o u n t  of po l yphospha t e  coprec ip i ta ted  wi th  a m o d e r a t e l y  
sized, water-soluble  pro te in  (egg a l b u m e n  ~) by  t r iehloroaeet ic  acid increases  wi th  increas ing  n u m b e r  
average  cha in  l eng th  of t he  po lyphospha te .  Us ing  t he  known 6 size d i s t r ibu t ion  of p o l y p h o s p h a t e  
molecule- ions in the  Na~O-P~O 5 glasses,  t he  size of t he  p h o s p h a t e  below which  no prec ip i ta t ion  
occurs  wi th  egg a l b u m e n  unde r  t he  condi t ions  of the  e x p e r i m e n t  can  be calculated.  Th i s  ca lcu la t ion  
indica tes  t h a t  a po lyphospha t e  cha in  l eng th  of a p p r o x i m a t e l y  IOO p h o s p h o r u s  a t o m s  (equ iva len t  
to a molecular  weight  of io,ooo based  on t he  (NaPO3)x) is t he  size below which  no prec ip i ta t ion  
occurs.  This  figure holds  for t he  four  samples  of G r a h a m ' s  sa l t  and  t he  one of Kur ro l ' s  sa l t  t e s t ed  
b u t  does n o t  app ly  to t he  N a 2 0 - P 2 0 5  glass h a v i n g  an  average  cha in  l eng th  of 16. In  the  case of 

* Mound  L a b o r a t o r y  is opera ted  b y  t h e  M onsan t o  Chemical  C o m p a n y  for t he  Un i t ed  S ta t e s  
A tomic  E n e r g y  Commiss ion  unde r  Cont rac t  No. AT-33- I -GEN-53 .  
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th is  l a t t e r  glass, a m u c h  smal le r  n u m b e r ,  ca. 25 p h o s p h o r u s  a t o m s  per  chain,  is ca lcu la ted  for the  
d iv id ing  line be tween  precipi ta t ion  and  no precipi ta t ion.  

The  d a t a  g iven in t he  las t  l ine of Table  I show t h a t  a po lyphospha t e  with a cha in  l eng th  of 
16 appears  to be q u a n t i t a t i v e l y  separa ted  f rom a po l yphospha t e  h a v i n g  a cha in  l eng th  of 16oo by  
prec ip i ta t ion  wi th  a l b u m e n  in the  presence of t r ichloroacet ic  acid. The  fact  t h a t  a m i x t u r e  which  
is a p p r o x i m a t e l y  5o-5 o in the  long- and  shor t - cha in  p h o s p h a t e s  can be separa ted  into two equal-s ized 
f ract ions  is in accord wi th  the  conclusion t h a t  the  p h o s p h a t e  glass hav ing  the  shor t e s t  average  
cha in  l eng th  should  give only  a trace of prec ip i ta te  ins tead  of t he  ca. 25 % observed.  P r e sumab ly ,  
a large pa r t  of th i s  25 % is a t t r i bu t ed  to eoprecipi ta t ion or some m e c h a n i s m  other  t h a n  the  well- 
k n o w n  " m e t a p h o s p h a t e - p r o t e i n  reac t ion  ' 's.  

The  d a t a  p resen ted  sugges t  t h a t  t he  differential  separa t ion  into two po lyphospha t e  fract ions,  
which  occurs  w h e n  yea s t  cells are pa r t i t ioned  wi th  t r ichloroacet ic  acid, m a y  be due  to the  difference 
in p ro te in  complex ing  proper t ies  be tween  po l yphospha t e s  which  differ in cha in  length.  The  obser-  
va t i ons  do no t  appea r  to be an  art i fact ,  as  has  been sugges ted  by  SCHMIDT 9. Natura l ly ,  the  n a t u r e  
of t he  p ro t e in -po lyphospha t e  in te rac t ion  is dependen t  upon  m a n y  variables,  and  a more  compre-  
hens ive  inves t iga t ion  of th is  p h e n o m e n o n  is unde r  way.  In  addit ion,  an  a t t e m p t  is being m a d e  to 
de t e rmine  the  cha in  l eng th  (molecular  weight) of the  po lyphospha t e  f ract ions  in yeast ,  us ing  phys ica l -  
chemical  me thods .  The  e xac t  role of molecular  size in de t e rmin ing  the  different  metabol ic  act iv i t ies  
of t he  p o l y p h o s p h a t e s  in yea s t  is no t  clear a t  the  p resen t  t ime.  
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I n  i949 one of the  a u t h o r s  (S. G.) m a d e  t he  obse rva t ion  t h a t  skeletal  and  card iac  musc le  h o m o g -  
ena t e s  when  added  to m i t ochond r i a l  p r e p a r a t i o n s  of r a t  l iver inh ib i ted  t he  reac t ion  o rn i th ine  
---> citrull ine.  Recen t  s tudies  on the  reac t ion  orni th ine-- -> citrull inel,  2, 3 have  shown  this  react ion 
to be composed  of two ma i n  enzymic  steps,  reac t ions  i and  2. 

I. CG** + CO 2 + N H  3 + A T P  Enzyme I Mg++ ~ C o m p o u n d  X + A D P  

2. C o m p o u n d  X + Orni thinc Enzyme II > Citrull ine + CG + pO4K 

* This  work  was  done dur ing  the  t enu re  by  the  senior a u t h o r  of an  Es tab l i shed  Inves t iga to r sh ip  
of t he  Amer i can  H e a r t  Associat ion.  

* * T h e  following abbrev ia t ions  are used  t h r o u g h o u t  th i s  pape r :  CG, c a r b a m y l - L - g l u t a m a t e ;  
C o m p o u n d  X, the  act ive  in t e rmed ia t e  for ci trul l ine syn thes i s  2 which  con ta ins  one mole each  of CG, 
CO m NH3, and  poaK.  A T P  and  ADP ,  adenos ine  tri-  and  d i -phospha tes  respect ive ly ;  E n z y m e s  I 
and  II ,  e n z y m e  s y s t e m s  as p rev ious ly  described 2. All ana ly t ica l  m e t h o d s  and  procedures  have  been 
described in preceding  papers  1, 2, 3. 


