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g lobin  r e d u c t i o n  a n d  h a s  a d i f f e ren t  p y r i d i n e  nuc l eo t i de  speci f ic i ty .  F u r t h e r m o r e ,  
e x t r a c t s  p r e p a r e d  b y  t h e i r  m e t h o d  of t r e a t m e n t  of  h e m o l y z a t e s  w i t h  c h l o r o f o r m  a n d  
e thano l ,  or  b y  boi l ing ,  were  i n a c t i v e  in o u r  s y s t e m .  
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Pyrophosphate formation in cell-free extracts of Escherichia ¢oli 

I n  r e sp i r i ng  cells of Acetobacter suboxidans, y e a s t  a, a n d  3lemtlius lacvymans 2, t he  ac id -  
labi le  p h o s p h a t e  in P P  has  a m o r e  r a p i d  t u r n o v e r  t h a n  t h a t  in A T e  a n d  the  o t h e r  
rmcleos ide  di- a n d  t r i - p h o s p h a t e s .  T h i s  s u g g e s t s  t h a t  t h e  f o r m a t i o n  of P P  is to  soxr, e 
e x t e n t  i n d e p e n d e n t  of A T P ,  a n d  c o n s e q u e n t l y  a r i ses  b y  s o m e  s e p a r a t e  p h o s p h o r y l a t i n g  
p a t h w a y .  

I n t a c t  cells of Es~herichia colt b e h a v e  s imi l a r ly  to  o t h e r  m i c r o - o r g a n i s m s  s tud i ed .  
P P  is r a p i d l y  l abe l l ed  w h e n  E. colt cells r esp i re  in the  p r e s e n c e  of s~Pj. A T P  is m o r e  
s lowly  label led .  In  the  p re sence  of excess  ca r r i e r  Pt,  the  specif ic  a c t i v i t y  of  P P  a p -  
p r o a c h e s  a b o u t  ha l f  the  specif ic  a c t i v i t y  of Pt ,  whi le  t h e  specif ic  a c t i v i t y  of A T P  
a p p r o a c h e s  t h a t  of P P .  

Ceil-free e x t r a c t s  of  E .  soli c o n t a i n  a v e r y  a c t i v e  P P a s e ,  wh ich  r a p i d l y  sp l i t s  
a d d e d  P P .  T h e  e x t r a c t s  con t a i n ,  h o w e v e r ,  a smaf l  a m o u n t  of  P P ,  wh ich  s e e m s  t o  b e  
p r o t e c t e d  f r o m  the  ac t ion  of the  h y d r o i y z i n g  e n z y m e .  T h i s  P P  f r ac t i on  is r a p i d l y  
label led  b y  a d d e d  3gPi. 

An e x t r a c t  of E. colt w a s  m a d e  b y  t r e a t i n g  t h e  cell p a s t e  in a q u e o u s  s u s p e n s i o n  
w i t h  an  u l t r a s o n i c  v i b r a t o r .  T h e  p H  in t he  l iqu id  a f t e r  u l t r a s o n i c  t r e a t m e n t  w a s  close 
to  5-5. T h e  s u s p e n s i o n  was  first  f reed  f r o m  r e m a i n i n g  cells, t h e n  c e n t r i f u g e d  a t  xo ,ooo  
x g for I o  h, a n d  t h e n  t h e  speed  w a s  i n c r e a s e d  to  35 ,ooo  x g for 45 ra in .  T h e  prec i -  
p i t a t e  was  r e s u s p e n d e d  in Tr i s  buffer ,  p H  8.o, t o  g ive  a h igh ly  v i scous  l iqu id  of p H  7-5. 
A f t e r  c e n t r i f u g a t i o n  a t  35 ,ooo ;-t g for  45 rain,  a s l igh t ly  t u r b i d ,  r edd i sh  s u p e r n a t a n t ,  
a n d  a r o p y  p r e c i p i t a t e  were  o b t a i n e d .  T h e  s u p e r n a t a n t  w a s  used  in these  e x p e r i m e n t s  
to  s t u d y  the  i n c o r p o r a t i o n  of a2Pt i n to  P P  a n d  A T P .  E n d o g e n o u s  r e s p i r a t i o n  a n d  
p h o s p b o z v l a t i o n  w a s  high.  I n  some  e x p e r i m e n t s  a lcohol  d e h y d r o g e n a s e ,  D P N ,  a n d  
a lcohol  were  a d d e d  to  t es t  t h e  effect  of  D P N H .  

Abbreviations : PP, inorganic pyrophosphate ; Pl, inorganic orthophosphatc ; ATP, adenosine 
triplmsphate; ADP. aclen~siae diphospha~,: "t'ris, tris(h.vdroxyn/ethyl)amin()rnethane; DPN, 
DPNt-|, oxidized and reduced diphosphop.vridine nucleotide. 
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T A B L E  I 

INCORPORATION OF ~2p I~ ' [ 0  P P ,  A T P ,  a .~o A D P  in EXTRACTS OF Esckerict~ia coli 

E a c h  f lask con t .~Jned :  3o--5o m l  e x t r a c t ,  p H  7 5  (1-5-2.o°f~ p ro te in} ,  o . o o l  21t e t h y l e n e d i a m i n e  
t e t r a a c e t a t e ,  a n d  0 .003 31 Mg +~, T h e  f l a sks  w e r e  s h a k e n  a t  37 ~', a n d  c a r r i e r  lai ( 3 o - t o o / , m o l e s ) ,  
50 / * m o l e s  A D P ,  a n d  xoo  /*C asp ,  w e r e  a d d e d  in t h a t  o r de r .  T h e  t i m e  w a s  m e a s u r e d  f r o m  t h o  
a d d i t i o n  o f  zzpt,  t o  t h e  i n t e r r u p t i o n  o f  t h e  e x p e r i m e n t  b y  t h o  a d d i t i o n  of  t r ' : ch lo roace t i c  ac id  t o  
a f inal  c o n c e n t r a t i o n  of  5 % .  P r o t e i n  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n ,  a l i q u o t s  w e r e  t a k e n  fo r  
d e t e r m i n a t i o n  o f  P and r a d i o a c t i v i t y ,  500 t~moles  I', were  a d d e d ,  t h e  p h o s p h a t e s  w e r e  i s o l a t e d  

as b a r i u m  sa l t s ,  a n d  f r a c t i o n a t e d  as  d e s c r i b e d  ea r l i e r  t. 

[ 

2 

I t l~' t thff t io~l 
t | o~e  
(sec) 

S~ccilJc activity (cot()*ts'min.!emole ~wid-labite PJ 

1 ° ~ l a p  A T I  J .4 D P 

3 o x z ,8oo  ~ ,34 o ] ,o7o  bS 4 
6 14,5oo 1,54 ° 1,4 t 3 472 

3o 14, t o o  2,480 3,¢aoo 2,533 
18o I o , 3 5 o  4,54 o 8 , a4o  8.700 

4 24 ,7oo  7,180 5,550 3 ,7Jo  

* ~ x t r a c t  ~ to r ed  fo r  o n e  w e e k  a t  ~ 5% 

Table  I summarizes  the results ol some exper iments  desig~.ed to  test  whe ther  
P P  is moz t ly  labelled through ATP, or receives its isotopi~ P by  some independent  
p a t h w a y .  

V¢ith shor t  incubat ion  t imes P P  was found to have a higher gpecifie rad ioac t iv i ty  
t han  ATP, whereas af ter  con t inued  incuba t ioe  ATP became the most radioact ive.  
This is incompat ib le  with any  mechanism of pyropho.nphate format ion  via ATP  as 
an in te rmedia te .  The  specific ac t iv i ty  of P P  w a s  -5Otlli51 "tO level off a t  about  balf the  
ac t iv i ty  o! Pt, and  rise only  slowly above that  value. 

in  cont ras t  to  what  happens  in intact  celia, t h t  specific ac t iv i ty  of ATP in the 
ex t r ac t  rap id ly  :'ose above  the ac t iv i ty  of PP ,  leaching a level of about  90 % of the 
ac t iv i ty  of Pt. This  indicates  a direct  phosphorylaU.on of AIDP, e i ther  on sqbs t ra te  
level, or perhaps  l inked to electron t ranspor t .  The  failure of ATP to reach the spvcific 
ac t iv i ty  of Pi m a y  indicatc  tha t  par t  of the  ATP is formed from PP.  for example  
th rough  a polynuet6ot ide  pyrophosphorylase .  

The ox ida t ive  s ta te  ot the  ex t r ac t  was found to inflV,L,nce the amount  and tu rnover  
ra te  of PP .  2X_naerobic cendit ions,  and the addit ion of a DPNH-gene ra t i ng  system, 
reduced  the  a m o u n t  of PP,  and the rate cf incorporat ion of aep into PP,  compared  
to  an aerobica l ly- incubated  control  wi thout  added D P N H .  Th;s indicate.~ tha t  the  
PP-p ro t e c t i ng  agent  in the ex t rac t  may  be identic,d with the ,~xidized form of a 
re.~piratory enzyme.  Recen t ly  XV:xr~KtNs ~ x D  L E H N t N ( , E R  3 repor ted  tha t  the  rate  of 
incorpora t ion  of a~-p into ATP  in digitonin ex t rac t s  of mi tochondr ia  is reduced under  
anaerobic  condit ions.  
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