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The 2,4-dinitrophenol-responsive adenosinetriphosphatase 
of rat-liver mitochondria 

Various inves t iga tors  1-a have  pos tu l a t ed  t ha t  D N P  ac t iva t ion  of mi tochondr ia l  
ATPase  is a mani fes ta t ion  of the  sys tem of ox ida t ive  phosphory la t ion .  I t  was of 
in teres t  in this  regard  when LARDY ~ showed t h a t  desiccat ion of ra t - l iver  mi tochondr ia  
gave powders  t ha t  conta ined  ATPase  ac t iv i ty .  E x t r a c t s  of such powders  possessed 
ATPase  a c t i v i t y  unsed imented  at  18,ooo × g and  responsive to bo th  D N P  and  Mg ++. 
This  r epor t  presents  resul ts  of fur ther  s t u d y  of the  ATPase  act iv i t ies  present  in such 
powders.  

E a r l y  in this  work  i t  was found t ha t  a significant percentage of the  DNP-respons ive  
ATPase  of the  powders  is not  sed imented  in 60 min a t  lO5,OOO × g. Since such prep-  
a ra t ions  would  present  advan tages  in purif icat ion a t t empts ,  t hey  have  been employed  
rout inely .  E x t r a c t s  are p repa red  b y  homogenizing the powders  in 0.25 M sucrose. 
The  suspension is clarified a t  IO5,OOO × g, and  the supe rna t an t  is lyophi l ized  for 
recons t i tu t ion  as needed. Phospha te  format ion  in the  presence of ATP  is de te rmined  
b y  a modif ied Mar t in  and D o t y  procedure  4. 

The  original  assay  for DNP-respons ive  ATPase  * employed  0.09 21//KC1 a t  p H  7.4. 
This  work  has shown tha t  p H  8.5 is op t ima l  for the  D N P  response (Pl format ion  in 
presence of D N P  less PI format ion  in absence of DNP) .  In  addi t ion ,  the  m a x i m u m  
response occurs in the  absence of a d d e d  sal ts  such as KC1 or  NaC1. In  Table  I the  

TABLE I 

I O N  I N T E R F E R E N C E  I N  R E S P O N S E  OF A T P A s E  TO 2 , 4 - D I N I T R O P H E N O L  

Conditions: o.o6M Tris buffer, pH 8.5; o.o12 M ATP; enzyme containing 1. 3 mg protein; 
additions of KC1 and DNP as indicated; in volume of o. 5 ml. Incubation 2 min at 31 °. Pt formation 

was measured directly on the assay system by a modified Martin and Doty procedure 4. 

(ltmoles P i  forraed/mg proteinj × ~ro 2 

Added KCl  ( M )  - -  0.04 0.08 o.r2 

- -  4.2 6.5 5.1 4.3 
5.IO~ M DNP lO. 5 7.2 o o 
5" lO-5 3I DNP 7 .8 7.4 1.6 o 
5" IO~t M DNP 9.4 lO.3 2.5 1.6 
i . i o ~ M  DNP 11.2 14.2 6.9 5.6 

resul ts  show t h a t  a d d e d  KC1 diminishes  the  response to DNP.  Similar  resul ts  occur 
wi th  NaC1. P resumably ,  any  monova len t -ca t ion  requi rement  the  enzyme has is met  
b y  the sys tem as const i tu ted .  The i t em of grea tes t  in teres t  in Table  I ,  however,  
concerns the  first column of figures where no KC1 was added.  Under  these condit ions,  
two concent ra t ions  of D N P  differing 2oo-fold possess a p p r o x i m a t e l y  the  same 
c a p a c i t y  to s t imula te  Pl  release f rom ATP.  In  the  original  assay  sys tem s, in the  
presence of 0.0 9 M KC1, I .  lO -4 to I .  lO -3 M D N P  had  been found to yie ld  the  ma x ima l  
response. 

These findings gave a h in t  of a mul t iphase  aspect  in the  response to D N P  and  

Abbreviations: DNP, 2,4-dinitrophenol; ATP, adenosine triphosphate; Tris, tris(hydroxy- 
methyl) aminomethane; Pt, inorganic phosphate 
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therefore prompted reinvestigation of the nature of ATPase response over a wide range 
of DNP concentrations. Fig. I shows extracts that of mitochondrial acetone powders in 
0.25 M sucrose exhibit characteristic multiphasic curves of ATPase reponse to DNP. 
Peaks of response occur at I .  IO -8, I .  lO -6 and I .  lO -3 M DNP. Curves A and B were 
obtained with two different powders, the second of which had a lower specific activity 
at more dilute DNP concentrations. Similar results have been obtained with other 
acetone powders. 
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Fig. I. Effects of variat ion of D N P  concentrat ion on ATPase activity. Conditions: 0.06 M Tris, 
p H  8.5; o.o12 M ATP; D N P  in 0. 5 ml. Curve A: 1.o 4 mg protein incubated 2 min at  28 °. Curve B: 

1.25 mg protein incubated I I  min at  28 °. 

These results may have other interpretations, but it is our feeling that they give 
direct evidence for the three DNP-responsive ATPases postulated by SLATER 5. While 
SLATER'S results indicated the presence of three such enzymes with pH optima at 
6.3, 7.4 and 8.5, these results were obtained at pH 8.5. Work is in progress to ascertain 
if the enzymes more sensitive to DNP have greater activity at lower pH values. 
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