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An amino acid dependent exchange between inorganic pyrophosphate 
and ATP in microbial extracts 

. \ n  a m i n o  a c i d  d e p e n d e n t  e x c h a n g e  <)1 a21'1'* w i t h  • \ ' l ' I '  b y  ;In e n z y m e  s y s t e m  l ro ln  r a t  li\ el- 
e x t r a c t  h a s  been  d e s c r i b e d  r e c e n t l y  b y  t[O\(iI .ANII I . T h e  e x c h a n g e  is d e p e n d e n t  b o t h  cnl t h e  t o t a l  
c o n c e n t r a t i o n  a n d  t i le  n l l l l l l )c i  of alllillO a c i d s  [)reseii t .  N() [ ) r e a k d o w l l  ()f A'I'I > ( )c (urs  u n l e s s  
h y d r o x y l a m i n e  is a d d e d  a n d  t h e n  t h e  h v d r ( ) x a n m t e s .  ()1 t h e  i t ln ino  a c i d s  a p p e a r  as  e n d  p r ( ) d u c t s  
i n d i c a t i n g  a p o s s i b l e  c a r b o x v l  a c t i v a t i o n .  I t  w u s  s u g g e s t e d  t h a t  t h e  r e a c t i ( m  m i g h t  ref lect  a 
l n e c h a l l i s n l  for  a c t i v a t i o n  of anlill() a c i d s  for  pl-()tein s v n t h e s l s .  

\Ve h a v e  e l ) s e r v e d  a s i m i l a r  an l in t /  a c id  d e i ) e n l l e n t  e x c h a n g e  (d" :121)1) w i t h  A'l 'I ) in I )ac te r ia l  
e x t r a c t s  =. T h e  r e a c t i o n  a p p e a r s  to  be  w i d e l y  d s t r i b u t e d  a m ( r a g  m i c r o o r g a n i s m s  h a v i n g  l /een foun t [  
in  t h e  f o l h ) w i n g  g e n e r a :  31icroc(~cci, Neurospora, A erobactcr, Nlaphvlococcus t ' losh'idium, l)esltl/,,- 
vibrio, Proleus, 5;lrelh)coccus, .%'rralia, lehodospirillum, . tzol.bacler, Escherichia a n d  Sacchar,>mvce~. 

E x t r a c t s  a r e  r e a d i l y  p r e p a r e d  /)y g r i n d i n g  f r e s h l y  h a r v e s t e d  cel ls  w i t h  a l u m i n a  A 3o3  a n d  
e x t r a c t i n g  w i t h  p h o s p h a t e  l m f f e r  p t i  0. 5 . A f t e r  c e n t r i f u g a t i o n  a t  l o o , o o o  . ~., for  t h o u r ,  t h e  
a c t i v i t y  is f o u n d  in t h e  s u p e r n a t a n t .  A t y p i c a l  e x p e r i m e n t  is c o n d u c t e d  as  fo lknvs :  \ r e a c t i o n  
m i x t u r e  c o n s i s t i n g  o f  [ 5  I ~3I A T I ' ,  i 5 i,:ll a2Pt) 
~o l t l l  M g S O  4, i o  !~31 K F ,  5 o p M  Tr i s  b u f f e r  p H  7.4 T . \BI . I : .  I 
an t i  2o 1,3I t o t a l  a m i n o  a c i d s  i s  i n c u t ) a t e d  a t  37 ~:FFECT Oh" INCREASING NUMBERS OF .\ \ 
f o r  2o n t i n  w i t h  o.~ m l  of a n  e x t r a c t ,  d i a l y z e d  to  o x  I 'I)- .VI'I  , I*.'XCIIAN(~E 
r e l n o v e  e n d o g e n o u s  an l i l l o  ac id s .  T h e  r e a c t i o n  is 
t e r m i n a t e d  b y  a d d i t i o n  of T C : \  a n d  t h e  A ' I 'P  s e p a -  .v,,../..IA ' t iP  (c.p.nl. ,. 11) ",, l'; ~changc 
r a t e d  f r o m  a ~ p p  b y  t i le  N o r i t  . \  m e t h o d  of  CRAXt,: 
AND LIPMANN a. T h e  t e r m i n a l  p h o s p h a t e s  of A T P  a r e  

O [ .~  l ( 
l i b e r a t e d  b y  a c i d  h y d r o l y s i s ,  l>i 4, [>I >5 a n d  r a d i o -  

() G()() 2 t 
a c t i v i t y  a r e  d e t e r m i n e d .  T h e  r e s u l t s  o b t a i n e d  w i t h  

I 4 1 o o o  i t )  
o.I  m l  of  E .  coli e x t r a c t ,  w h e n  t i le  n u m b e r  of  a m i n o  I t)  IN2( )  72 
a c i d s  a r e  v a r i e d  w h i l e  k e e p i n g  t h e  t o t a l  c o n c e n -  
t r a t i o n  c o n s t a n t  a r e  p r e s e n t e d  in T a b l e  1. 

I t  c a n  be  seen  t h a t  t h e  p e r  c e n t  e x c h a n g e  b e t w e e n  a ~ p p  a n d  .VI'I '  is d e p e n d e n t  u p o n ,  a l t h o u g h  
n o t  d i r e c t l y  p r o p o r t i o n a l  to ,  t h e  n u m b e r  of a m i n o  a c i d s  p r e s e n t .  R a t e  s t u d i e s  i n d i c a t e d  t h a t  
t h e  p e r  c e n t  e x c h a n g e  i n c r e a s e s  e x p o n e n t i a l l y  w i t h  t i m e .  T h i s  p e r m i t t e d  a p p l i c a t i c m  of  t i le  
e q u a t i o n  fo r  t i le  e x p ( m e n t i a l  l a w  for  s i m p l e  i s o t o p e  e x c h a n g e  r e a c t i o n s  6 a n d  c a l c u l a t i o n  of  t h e  
r a t e  of  t i le  e x c h a n g e  in  t e r m s  of I~M p e r  h o u r .  T h e  d i s p r o p o r t i o n a t e  i n c r e a s e  in p e r  c e n t  e x c h a n g e  
( T a b l e  l) w h e n  i n c r e a s i n g  n u m l ) e r s  of  a m i n o  a c i d s  a r e  a d d e d  s u g g e s t e d  t h a t  c e r t a i n  a m i n o  a c i d s  
m i g h t  be  m o r e  a c t i \  e t h a n  ()ti lers.  \ V h e n  e a c h  a m i n o  a c i d  w a s  t e s t e d  s i ng ly ,  i t  w a s  f o u n d  ( T a b l e  1[) 
t h a t  o n l y  8 al l l inl)  u c i d s  w e r e  a c t i v e  in p r ( m m t i n v  t i le  e x c h a n g e .  

"File a m i n o  a c i d s  w e r e  t e s t e d  a t  u 
c o n c e n t r a t i o n  ( ) f ) o  t~3l p e r  m[ a n d  t i le  
c o m p l e t e  m i x t u r e  ()f 2o an l i I lo  a c i d s  a t  
a c o n c e n t r a t i o n  of 0. 5 [.~51 e a c h .  T h e  
c o m b i n a t i o n  of t h e  8 a c t i v e  a m i n o  
a c i d s  (o. 5 t , . l I  each}  c a n  f u l l y  r e p l a c e  
t h e  c o m p l e t e  m i x t u r e .  A c o m i > a r i s o n  
of  e x t r a c t s  p r e p a r e d  f r o m  1'2. coli, 
,b'lrelblococcus helllolylicus a n d  .\TUHVO 
spora crassa s h o w e d  t h a t  o n l y  t h e s e  
S amin( )  a c i d s  w e r e  a c t i v e  ill e a c h  
e x t r a c t •  

A b a l a n c e  s t u ( l y  i n d i c a t e d  t h a t  
l ie m e a s u r a b l e  c h a n g e  in COl]cen t ra t io l l  
o f  A T P ,  P P  or  a l l l i no  a c i d  o c c u r s  
d u r i n g  t h e  e x c h a n g e .  P I '  a n d  A T P  
a p p a r e n t l y  e x c h a n g e  ill a r a p i d l y  re -  
v e r s i b l e  m a n n e r  o n l y  ill t i le  p r e s e n c e  
of  a m i n o  a c i d s  a n d  ill s u c h  a w a y  t h a t  
no  m e a s u r a b l e  p r o d u c t s  a r e  fo r l l l ed .  
f i y d r o x y l a m i n e  in h igh  c o n c e n t r a t i o n ,  
u s e d  w i t h  l a r g e  a l n o u n t s  ()f e n z y m e  
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RATE OF l q ' - V f l '  EXCHANGE BY INDIVIDUAL . \ . \  

• {.1 R* ,'L4 1£* 

. \ l a n i n e  o Se r ine  o 

. \ r g i n i n e  ~) T h r e o n i n c  o 
\ s p a r t i c  o T r y p t o p h a n  2o 
A s p a r a g i n e  o t I i s t i d i n e  3 ° 
G l u t a m i c  o 1 ) h e n y l a l a n i n e  4 8 
( ; l u t a m i n e  o M e t h i o n i n e  122 
( ; l v c i n e  o T v r o s i n e  140 
t t y d r o x p r o l i n e  o V~dine t 4(> 
l . y s i n e  o l . e u c i n e  i()8 
I>roline (> I s o l e u c i n e  248 

( o m p l e t e  m i x t u r e  4 tO 

* R ~ 1~1[ e x c h a n g e  p e r  h o u r  p e r  ml  e x t r a c t  (cor-  
r e c t e d  for  e n d o g e n ( m s  a c t i v i t y ) .  

l e a d s  t o  t h e  f o r n m t i o n  of t i le  c o r r e s p o n d i n g  a m i n o  a c i d  h y d r o x a n m t e  b u t  a t  a r a t e  w h i c h  is less 
t h a n  o . i  t i le  r a t e  of e x c h a n g e .  

* : \ l f l ) r e \ i a t i o n s :  I)P i n o r g a n i c  p y r o p h o s p h a t e ,  . \ T I '  - -  a d e n o s i n e t r i l ) h o s p h a t e ,  l>i : -  
o r t h o p h o s p h a t e . . \ : k  a m i n o  ac id ,  T r i s  t r i s ( h y d r o x y l n e t h y l ) a n m l o m e t h a n e .  
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Amino acid derivatives such as acetylleucine and leucylhydroxamic acid do not  promote  
the exchange. The simple dipeptides leucylglycine and glycylleucine are inactive. Chloramphenicol 
at a concentrat ion of ioo/~g/ml did not  affect the reaction. The amino acid analogues, norleucine, 
t ryp tozan  and O-F-phenylalanine,  did not inhibit the exchange promoted  by their  corresponding 
amino acids, leucine, t r yp tophan  and phenylalanine. The analogues could not subs t i tu te  for the  
amino acids in p romot ing  the exchange. 

The rapid rate, as well as the widespread distr ibution of the exchange reaction, suggests 
tha t  it may  reflect a system of major  metabolic importance.  The relationship of this reactiou 
to protein synthesis  mus t  await  the demonstra t ion of its requirement  in a sys tem where amino 
acids are being actively incorporated into protein. The significance of the fact tha t  the reaction 
is apparent ly  specific for only 8 amino acids is not  readily apparent .  I t  is possible tha t  these 
8 AA represent  a p r imary  activation mechanism and the apparent ly  inactive amino acids could 
be secondarily activated through some transfer  reaction with one of the 8 active amino acids. 
Work now in progress is directed toward the purification of this enzyme system and to the 
determinat ion of the active form of the amino acid. 

This work was supported in par t  by a research grant  (E-253) from the U.S. Public Heal th  
Service and by Contract  NR i22-143 Office of Naval Research. 
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The preparation of a water soluble dinitrophenyl-gliadin 
The detailed examinat ion of the chemist ry  and s t ructure  of the gliadin of wheat  is made 

especially difficult by the lack of methods for fractionating it. Consequently, a l though the protein 
has been shown by physico-chemical methods  to comprise several components  it has not  been 
possible to prove whether  these are distinct individuals or the products  of association from a 
single monomer.  I t  is the purpose  of this communicat ion to draw at tent ion to the fact tha t  by 
t r ea tment  with fluorodinitrobenzene gliadin may  be divided into two fractions, one of which is 
water  soluble and is a more suitable subject  for certain studies than  the native protein. 

Gliadin was prepared from Manitoba No. 2 flour as previously described (MILLS1). A solution 
of the dried gliadin in 3 ° ml 5 ° % ethanol-water  was passed through a column of Amberlite 
I R A  400 resin which had been equilibrated against  5 o %  ethanol. To this solution were added 
5 ° mg NaHCO 3 and 0.2 ml fluorodinitrobenzene. The mixture  was shaken for 3 ° min and then 
allowed to s tand for 18 hours.  After removing the precipitate, the superna tan t  liquid was poured 
into ioo ml of deionised water. The soluble DNP-gliadin was precipitated by the addition of 
15 ml of sa tura ted  NaC1 solution, was washed rapidly with a small amoun t  of water  and dried 
over P~O.~ in vacuo. The final yield was 27 %. 

A typical sample of this product,  referred to as S-gliadin, contained 16.2 ~o total  N, 0.56 % S 
and amide N equal to 28.1% of the total N, all on an ash and moisture free basis. I t  was readily 
soluble in water  or alkaline buffers of low ionic s t rength  bu t  was insoluble below p H  6. The 
precipitate formed by acidifying aqueous solutions could only be dissolved in alkaline buffers, 
e.g.o.oo 5 M NaHCO 3. In  alcoholic solutions (50-7 ° %) it was soluble at all p H  values. 

In  contras t  to the findings of KoRoc 2 and DEUTSCH 3 a complex mixture  of dini trophenyl  
derivatives was liberated on hydrolysis (18 h in equal par ts  of 5 N HC1 and formic acid). Of the 
fifteen chromatographical ly  distinct derivatives isolated only three have so far been identified, 
namely:  DNP-aspar t ic  acid, DNP-serine and DPN-valine. In each case only traces were present. 

Characterisation in the ultracentrifuge indicated tha t  the results were dependent  on the 
na ture  of the solvent. In  aqueous glycine buffer of pH 9.4 the behaviour  was tha t  of a system 
of molecules capable of forming a number  of association complexes; while in 0.005 iV/ NaHCO a 
the S-gliadin was present  mainly as a single component  of very high sedimentat ion rate. In  
alcoholic solutions a single well defined, though usually asymmetr ical  peak was always observed. 
Some of the results obtained in these solvents are summarized in Table I. $2o,~, fell in the range 
2.15-2.35 Svedbergs except when the solution was buffered with acetate or citric acid-phosphate 


