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The role of DPN in the enzymic phosphorylation of creatine 

A soluble e n z y m e  sys t em from rat  ske le ta l  muscle  can  p h o s p h o r y l a t e  c rea t ine  wi th  

1, 3 d i p h o s p h o g l y c e r a t e  in the  absence  of added  A D P  1. Us ing  P E P  as t )hosphate  

donor ,  A D P  is abso lu t e ly  requi red ,  bu t  D P N  m a y  replace  it. R e l a t e d  resul ts  h a v e  

been  r epo r t ed  by  others'-',a. 
A n a l y t i c a l  procedures ,  subs t r a t e  and  enzynte  p r epa ra t i ons  have  been descr ibed  t. 

The  e n z y m e  f rac t ion  used was the  p ro te in  which  is p r ec ip i t a t ed  be tween  35 and  

(i5 '~i, of a m n l o n i u n l  su l fa te  sa tu ra t ion .  I t  was d ia lvsed  and  t r e a t ed  wi th  charcoaP .  
Crea t ine  p h o s p h o r v l a t i o n  by  P E P  requi res  a nuc leo t ide .  Our  r a t -musc le  p repa ra -  

t ion con ta ins  enough  cofac to r  for tltis reac t ion ,  if not  p r ev ious ly  t r e a t e d  wi th  charcoa l  

(Table  I). Pu re  (? rK 1 plus P y K  (Boet t r inger  and  Soelme,  Manl~heinl) canno t  replace  

the  r a t -musc l e  pre t )a ra t ion  ill t im t)resence of I )PN.  Apyrase  a t r e a t m e n t  i n a c t i v a t e s  

AI )P ,  lult  does not  affect I ) P N  as a t ransp laosp l lo ry la t ion  agent .  
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0.o25 31Tris-IlC1 buffer, p l l  7-5; 0.05 31 creatine; o.ol ~ll Mg('l,,; o.oo 5 31 K('I; o.oo35 3/ IqLP; 
rat-nluscle enzyme, 2. 4 mg/ml; i 'yK, o.i Itg/ml; Crl,~, ~oo/¢g/ml; vohlnw, 2 nil. After 2o rain 
at 3 7  reaction was stopped x~itll 5 '~'o trichloroacetic acid and PCr was determined. Apyrase 
treatment:  o.ool 3I ADP or o.ol :1/ I)PN were treated with 5 nag potato apyrase for io rain at 
37', and deproteimzed with 5 Og trichloroacctic acid, which was removed with ether. The neutra- 

lized aqueous phase was used for Pt 'r  synthesis at the indicated concentration. 

/ (n~3,mc used  j o r  P C r  xt,~llh~'~is . Iddi l i ,  m 

l ' y k  -t Crk  A I ) 1' 
Pyk @ Crk I)PN 
Rat muscle None 
Rat muscle, charcoal 
treatment omitted None 
Rat muscle AI)I '  
Rat muscle Apyrase~treated AI)P 
Rat  nmscle DPN 
Rat muscle Apyrase-treated D P N  

( ' oJv , ' nDal io¢1 ,4  l ' ( ' r  .sv~tlh, s is  
a d  l il b m  

(~i  )" 101) ,tttllO]&;/l?t[/211 mi l l  
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5 . o  0 . 0  

o . o  

. _ 0.35 
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5.0  i .6o 
5.0  t .55 

Tlle c o n c e n t r a t i o n  of D P N  s does not  change  dur ing  the  e x p e r i m e n t .  H o w e v e r ,  

the  e x p e r i m e n t s  in Fig. I suggest  t h a t  D P N  is no t  d i r ec t ly  i n v o l v e d  in t r ansphos -  

phory la t ion .  T h e  r a t -musc l e  e n z y m e  was p r e i n c u b a t e d  wi th  A D P  or D P N  in a sys tem 

iden t ica l  to one desc r ibed  in Tab le  I, bu t  l ack ing  P E P .  Af t e r  d i f ferent  per iods  of 
p re incuba t ion ,  P E P  was added  (o.004 M)  and  the  c o m p l e t e  sy s t em was now iil- 
c u b a t e d  for a n o t h e r  2 rain before  d e t e r m i n i n g  PCr  (Fig. I A, B). In  a n o t h e r  set of 
e x p e r i m e n t s  (Fig. • D, E), A D P  or D P N  were  boi led  in I N HC1 for va r ious  l eng ths  

of t ime,  t hen  neu t r a l i zed  and  used  for PCr synthesis .  I t  m a y  be seen tha t  A D P  and  

1)PN b e h a v e  d i f fe ren t ly  in bo th  sets of experin~ents.  
Dif ferent  moie t i es  of the  D P N  naolecule were  t e s t ed ;  on ly  A1)P-r ibose  7 is e f fec t ive  

in t r ans t )hosphory la t ion  (Fig I C). 
( )ur  d a t a  sugges t  the  presence  in ra t  skeleta l  muscle  of a l ) P N - s p l i t t i n g  enzyme .  

Abbreviati(ms : ADP, adenosine diphosphate; PEI' ,  t)hospho(enol)t)yruvate ; Cr K, creatinc 
phosphokinase ; Pyk, pyruvic kinase: I)I'N, diphosphopyq'idine nucleotide ; l'('r, phosphocreatine ; 
Tris, Tris(h ydroxymethyl)aminomet ha he. 
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Fig. 1. Phosphocreat ine  synthesis  after  p re t r ea tmen t  of the nucleotides. Conditions as in Table I. 
Incuba t ion  t ime for PCr synthesis,  2 min. T rea tmen t  of nucleotides, see text .  Nucleotide concentra-  
t ion : A, D P N  (7.5" io 4 M), pre incubated  wi th  muscle enzyme;  13, ADP (5.o" IO ~ M), pre incubated 
with muscle enzyme; C, ADP-ribose (i.6. io ~ M), pre incubated wi th  muscle enzyme;  D, HCL- 

t reated D P N  (5" IO~  2~I) ; E, HCL-t rea ted  A D P  (IO -5 M). 

The split product may be not identical to ADP either in its structure or in the way 
it is bound by the enzymes involved in phosphate transfer. 
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