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mitochondr ia  was also absent.  Under  the conditions in which the aforementioned t umour  mito- 
chondria  failed, the mitochondria  f rom this t umour  showed sometimes the same 02 uptake  with 
dl-BH]3 as liver mitochondria.  

Four  other  t umours  (three t ransplanted  hepa tomas  and one testis turnout) yielded mito- 
chondria  which oxidized various amounts  of dl-BHB, in general a little less than  half the amoun t  
oxidized by  the liver mitochondria.  These mitochondria  showed insignificant DPNase  and no 
ATPase activities. The present  results, as far as the ATPase activities are concerned, confirm the 
earlier data  2. The conditions governing the DPNase  activities in relation to the ATPases of the 
t u m o u r  mitochondria  are being studied further.  A full account of our work will be published later. 
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Inhibition of immune hemolysis by diisopropyl fluorophosphate 

The demonst ra t ion  t ha t  Ca ++ and Mg ++, or other  divalent cations, such as Co ++ or Ni ++, 
are essentiall, 2 for hemolysis of sheep erythrocytes  (E) by  rabbi t  ant ibody (d) and guinea pig 
complement  (C') suggests an enzymic mechanism, the postulate  reaction scheme 3 being as follows : 

E + A -----'.-- EA 
Ca++ 

EA + C'I, 4 > EAC'I ,  4 

EAC'I ,  4 + C'2 
Mg++ 

(Co ++ or Ni ++) 

slow 

~ inactive 

-+ EAC'I,4,2 
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EAC'I,4,2 + C'3 > E* 

E* ~ ghost  + hemoglobin 

(1) 

(2) 
(2') 

(3) 

(3') 
(4) 

( 5 )  

where E* refers to a damaged cell which undergoes fur ther  t ransformat ion  with release of hemo- 
globin and C'I,2, 3 and 4 refer to components  of C'. 

In  the course of an investigation of chemical inhibitors of immune  hemolysis, it was found 
tha t  diisopropyl f luorophosphate (DFP) inhibited the immune hemolytic reaction. Inhib i tory  
concentrat ions of D F P  were less than  the concentrat ions of D F P  shown to be wi thout  effect on 
nonesterolytic enzymes4, 5. 

Sheep erythrocytes,  A, C', EA, EAC'I,4,  EAC'I,4,2, C'2,3, veronal  buffer, and ethylene- 
diaminetet raaceta te  (EDTA)-veronal  buffer, used as diluent, were prepared as described in 
previous papers6, ~. D F P  was first diluted in isopropyl alcohol and kept  as a stock solution. Aliquots 
were emulsified in o.12 M sodium bicarbonate  to a concentrat ion of o.125 M D F P  and subsequent  
dilutions of the o.125 M D F P  were made in veronal  buffer. All D F P  emulsions were made f rom 
the  s tock DFP-isopropyl alcohol (2. 5 M DFP)  jus t  before addition to the reaction mixtures.  
Control experiments  showed tha t  the alcohol itself and the alcohol-bicarbonate solution in the 
amoun t s  used, did not  affect the hemolytic reaction. 

The effect of D F P  on reaction steps (3) and (4) and on the overall reaction, EA + C', was 
determined in the following manner :  D F P  was added to reaction mixtures  containing EA or EA C" 
1, 4 in veronal  buffer, or EAC'I,4,2 in EDTA-veronal  buffer at  o°C immediately followed by the 
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a ( I d i t i o n  of (", (7'2,3, E I ) T . \  ( "  (("31 r e s p e c t i v e l y  to  a t , ) tal  v , , lum( , ( ) f  7.5 ml. l ' h c  r e m t i { m  mix-  
t u r e s  w e r e  i n c u b a t e d  at  3 7  (" for , m e  h() l l l - ,  c e n t r i f u g e d ,  ~tI111 the  h e m o l y s i s  (h , t e rmined  I,\" m e n s u I  
ing  o x y h e n ] o g h ) b i n  it} t h e  >;t lperl latat l t  f luid in t he  l))et ktn;i t l  5 l )cc t r ( )ph( ) t (mwter  a t  54 ] m/~. 

Fig. I s h o w s  t h a t  I ) F I '  i n h i b i t s  t he  ove ra l l  r e a c t i o n :  i.e'., li. I (" .  and  r e a c t i o n  s t ep  131. 1)lit 
h a s  l i t t l e  ef fect  on (4). T h i s  i n d i c a t e s  that :  the  i n h i b i t i o n  is o c c u r r i n g  in t he  r cac t i (m belx~ecn / - I (  "' 
1, 4 a n d  C'2.  T h e  p o s s i b i l i t y  t h a i  l ) l : l '  is e x e r t i n g  i ts  i n l d b i t i o n  by b i n d i n g  7q~ ' was  c t imina t e ( I  
1)y d e m o n s t r a t i n g  t h a t  t i le  deg ree  of i n h i b i t i ( m  was  n o t  a l t e r e d  w h e n  t im r e a c t i ( m s  were l )erf()rmed 
in  t h e  p r e s e n c e  of v a r y i n g  Mg +f c o n c e n t r a t i o n s .  In a d d i t i o n .  ( , thers  5 ] m \ e  sh()wn t h a t  1)l;1' is  
w i t h o u t  ef fect  on e l l zyn l e s  t h a t  r e q u i r e  MK ' ;is an  ionic  col 'actor .  N a F  d id  m)t  e x e r t  ( ' on l i ) a rab le  
i n h i l / i t i o n  to  i l n m u n e  henn )h ' s i s  e v e n  a t  a c (mcen t ra t i ( )n  (~i ]o 2 3l .  D F I '  al  ;~ c(mccntr ;~t i (m ~,1 
3 ' ' °  a .11 d id  no t  i n h i b i t  r eac t i (m (5). 
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1, 4 for  one  h o u r  a t  37~C. 

S ince  D F P  a p p e a r e d  to  e x e r t  i t s  i n h i b i t i o n  on e i t h e r  C 2  or  liA(."I,4, a 2o % i n h i b i t o r y  c o n -  
c e n t r a t i o n  of D F P  w a s  i n c u b a t e d  w i t h  C'2,3 a n d  EACq,  4 for i h o u r  a t  37°C. W h e r e a s  t h e  d e g r e e  
of i n h i b i t i o n  r e m a i n e d  c o n s t a n t  w h e n  D F P  w a s  p r e - i n c u b a t e d  w i t h  C'2, p r e - i n c u b a t i o n  of D F P  
w i t h  EAC'L4 r e s u l t e d  in  a m a r k e d  i n c r e a s e  in  i n h i b i t i o n  w h e n  C'2, 3 w a s  a d d e d .  Fig.  2 s h o w s  t h a t  
i n c u b a t i o n  of D F P  w i t h  EAC'L4 for ~ h o u r  a t  37°C i n c r e a s e d  t h e  s e n s i t i v i t y  of E.4C'L4 t o  D F P  
io - fo ld .  T h i s  ef fect  w a s  p r o n o u n c e d  e v e n  w i t h  i n c u b a t i o n  a t  o C .  I n  c o n t r a s t  to  th i s ,  p r e l i m i n a r y  
i n c u b a t i o n  of a 20 % i n h i b i t o r y  c o n c e n t r a t i o n  of D F P  w i t h  E.4 or C a t  37°C or w i t h  EAC'L4,2 or  
C '3  in t h e  p r e s e n c e  of E D T A  a t  o°C d id  n o t  i n c r e a s e  t he  d e g r e e  of h e m o l y s i s  i n h i b i t i o n .  

T h e  s i gn i f i c ance  a n d  m e c h a n i s m  of i n h i b i t i o n  of i m m u n e  h e m o l y s i s  b y  D F P ,  a s u b s t a n c e  
r e p o r t e d  t o  a c t  on  es te rases ,  w i l l  be  d e s c r i b e d  in  d e t a i l  e l sewhere .  

T h e  a u t h o r  w i s h e s  to  t h a n k  Drs .  I t .  VAX \'UNAKIS a n d  R. K. BROWN for t h e i r  he lp fu l  
s u g g e s t i o n s  t h r o u g h o u t  t h i s  work ,  a n d  Dr.  B. J.  JaNDORF of t h e  A r m y  C h e m i c a l  Cen t re ,  M a r y l a n d ,  
for t h e  D F P  u s e d  in  t h i s  i n v e s t i g a t i o n .  
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