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t h e  s equence  of e n e r g y  t r a n s f e r  p r io r  to  t h e  d a m a g e  b y  
F D N B ,  viz.  in  t h e  i n h i b i t i o n  of t h e  s u b s t r a t e  c h a i n  
p h o s p h o r y l a t i o n .  A m a j o r  decrease  in  c r ea t i ne  p h o s p h a t e  
c o n t e n t  was  assoc ia ted  w i t h  t h i s  t y p e  of  i n t o x i c a t i o n  ~. 
A l t h o u g h  t h e  A T P  c o n t e n t  was  s imi la r  in  b o t h  t y p e s  of 
poisoning ,  t h e  A T P / A D P  ra t io s  d i f fered  g rea t ly .  A f t e r  
a d m i n i s t r a t i o n  of iodoace ta te ,  t h e  A D P  c o n t e n t  was  in-  
c reased ;  F D N B  p r o d u c e d  a m a r k e d  t e n d e n c y  t o w a r d s  
decrease.  This ,  too, sugges ts  t h a t  t h e  r e d u c t i o n  of t h e  
A T P  c o n c e n t r a t i o n  b y  F D N B  is l imi t ed  to  t h e  f r ac t i on  
a t  t h e  c o n t r a c t i l e  p ro te ins ,  as t he  a d e n y l a t e  k inase  ac- 
t i v i t y  occurs  here.  T h e  p o i n t  of a t t a c k  of  i odoace t a t e  in  
t h e  b r e a k d o w n  of s u b s t r a t e  was  also m a r k e d  b y  t he  accu-  
m u l a t i o n  of f r u c t o s e - l , 6 - d i p h o s p h a t e  a n d  d i h y d r o x y  
ace tone  p h o s p h a t e  before  t h e  g lyce ra ldehyde  p h o s p h a t e  
d e h y d r o g e n a s e  r eac t ion .  T h e  q u a n t i t y  of p h o s p h a t e  

b o n d e d  in these  2 m e t a b o l i t e s  exp la ins  t h e  d i f fe rence  in 
t h e  i no rgan i c  p h o s p h a t e  c o n c e n t r a t i o n s .  

Zusammen/assung. N a c h  1-Fluor-2,  4 -d in i t robenzo l -  
V e r g i f t u n g  y o n  p e r f u n d i e r t e n  K a n i n c h e n h e r z e n  w a r e n  
bei  voUst / ind iger  Insuf f i z ienz  de r  A T P - G e h a l t  s eh r  signifi-  
k a n t  u n d  de r  K r e a t i n p h o s p h a t g e h a l t  wen ige r  s t a r k  ve r -  
m i n d e r t .  Glykogen- ,  Glucose-  u n d  L a c t a t g e h a l t  u n t e r -  
s ch i eden  sich y o n  den  K o n t r o l l w e r t e n  n ich t .  
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R e d u c t i o n  of  C y t o c h r o m e  c b y  t h e  
M e m b r a n e  

M i t o c h o n d r i a l  R e s p i r a t o r y  C h a i n  a c r o s s  a S e m i - P e r m e a b l e  

The  s u c c i n a t e - c y t o c h r o m e  c r e d u c t a s e  s y s t e m  has  b e e n  
def ined  as a f r a g m e n t  of t h e  r e s p i r a t o r y  cha in  c a p a b l e  of 
c a t a l y s i n g  t h e  o x i d a t i o n  of succ ina te  b y  e x t e r n a l  cy to -  
c h r o m e  c 1. 

T h e  c o m p o n e n t s  of such  a s y s t e m  a n d  t h e i r  i n t e r r e l a -  
t ions  h a v e  b e e n  e x t e n s i v e l y  s t ud i ed  2, b u t  i t  is n o t  y e t  
c lear  h o w  t h e  r e d u c t i o n  of t h e  accep to r  t a k e s  place.  

T h e  pu rpose  of t h i s  c o m m u n i c a t i o n  is to  descr ibe  a n  
e x p e r i m e n t a l  dev ice  t h a t  c a n  b e  used  to  s t u d y  t h e  m o d e  
of r e d u c t i o n  of  t h e  t e r m i n a l  a c c e p t o r  in  t h e  succ ina te -  
c y t o c h r o m e  c r e d u c t a s e  sys t em.  

W e  h a v e  f o u n d  t h a t  c y t o c h r o m e  c r e d u c t i o n  c a n  b e  
ach i eved  e v e n  w h e n  t h e  ox id ized  c y t o c h r o m e  c is sepa-  
r a t e d  f rom t h e  o t h e r  c a t a l y t i c  c o m p o n e n t s  of t h e  s y s t e m  
b y  a s e m i p e r m e a b l e  m e m b r a n e .  T h e  a p p a r a t u s  e m p l o y e d  
for  t h e  s t u d y  of t h i s  r e d u c t i o n  is s h o w n  in  F i g u r e  1. 

M e m b r a n e  was  p r e p a r e d  f rom rol ls  of c o m m e r c i a l  b r a n d  
' D e x s t a r '  (Visking) 0 .064-0.025 m m  th ick .  T h e  r eac t i on  
was  fol lowed b y  r e a d i n g  t h e  inc rease  of  a b s o r b a n c y  a t  
550 n m  o n  a B e c k m a n  D U  s p e c t r o p h o t o m e t e r .  C yan ide  
was  used  t o  i n h i b i t  c y t o c h r o m e  c ox idase  a c t i v i t y .  T h e  
e x p e r i m e n t a l  c o n d i t i o n s  a re  desc r ibed  in  t h e  c a p t i o n  to  
F i g u r e  2. T h e  r e a c t i o n  was  s t a r t e d  b y  a d d i n g  c y t o c h r o m e  
c i n  c h a m b e r  B (F igure  1) a f t e r  t 0  ra in  of p r e i n c u b a t i o n .  
T h e  s u b m i t o c h o n d r i a l  pa r t i c les  used  as  e n z y m e  source  
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Fig. 1. Experimental device used for reduction through membrane. 
A, internal chamber (submitochondrial particles and substrate); 
B, external chamber (cytochrome c and substrate); S, magnetic 
stirrer; M, membrane (diameter 3.2 cm). 

were  p r e p a r e d  f rom beef  h e a r t  m i t o c h o n d r i a  acco rd ing  to  
CRAZeE e t  al. a. 

I n  F i g u r e  2 c y t o c h r o m e  c r e d u c t i o n  u n d e r  n o r m a l  con-  
d i t i ons  (no s e m i p e r m e a b l e  m e m b r a n e )  is c o m p a r e d  w i t h  
t h e  r e d u c t i o n  t h a t  t a k e s  place  in t h e  p resence  of a semi-  
p e r m e a b l e  m e m b r a n e .  
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Fig. 2. Comparison of the rate of reduction of cytoehrome c by sub- 
mitochondrlal particles. Incubation conditions for the reaction. 
Control: 0.1M phosphate buffer pH 7.3; 2 mM succinate; 0.4 mM 
MaCN; 57 mM cytochrome c; mitochondrial protein 300/zg. Final 
volume 3.5 mI. In the presence of a membrane the reagent concen- 
tration was the same as for the control. Total volume in compartment 
A was 5.5 ml and in compartment B 12.5 ml. o . . . .  o control reac- 
tion; • • reaction across a semipermeable membrane. 
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The  ra te  of cy toch rom e  c reduc t ion  across the  m e m b r a n e  
can  be control led  e i ther  b y  the  surface area  or  by  the  
th ickness  of the  membrane .  Buffer,  subs t ra te  (succinate), 
submi tochondr ia l  part icles  and cyanide  are  requi red  in 
order  to  produce  the  reduct ion.  

I n  addi t ion  to reduc t ion  of cy toch rome  c across the  
membrane ,  a n u m b e r  of p h e n o m e n a  h a v e  been found to 
be  associated wi th  this  reac t ion :  (a) ca lc ium ions increase 
t he  ra te  of the  react ion only in t he  presence of a semi-  
pe rmeable  m e m b r a n e ;  (b) pFI changes  occur on bo th  
sides of t he  m e m b r a n e  and follow the  kinet ics  of cyto-  
ch rome  e reduc t ion ;  (c) gramicidin ,  a specific m e m b r a n e  
potent ia l -col laps ing reagent% has an  inh ib i to ry  effect  on 
the  reduc t ion  of cy toch rome  c. No  inhib i t ion  has  been 
observed  in no rma l  reduct ion.  

I n  order  to expla in  the  possible mechan i sm of this  
reduc t ion  across the  membrane ,  we h a v e  inves t iga ted  the  
possibi l i ty  of some soluble and dialysable c o m p o n e n t  t h a t  
could be released f rom the  par t ic les  in our condit ions.  I n  
fact  a soluble factor  capable  of reducing cy toch rome  c has  
been de tec ted  af ter  dialysis of the  par t ic les  in the  same 
condi t ions  used for t he  assay, and its features  are now 
under  ex tens ive  invest igat ion.  

I t  is possible t h a t  such a soluble dialysable factor  
m i g h t  be  responsible  for a shut t le  t r anspor t  of electrons 
across t he  membrane .  

Otherwise  t he  succ ina te -cy toehrome c reduc tase  ac- 
t i v i t y  in t he  presence of a semipermeable  m e m b r a n e  

seems to share  cer ta in  features  of a chemioosmot ic  pro-  
cess such as the  one  pos tu la ted  by  MITCHELL ~, n a m e l y  
the  p ro ton- t rans loca t ing  resp i ra tory  cha in  and t h e  
exchange-diffusion sys tem coupl ing p ro ton  t rans locat ion  
to t h a t  of anions and cations.  

F u r t h e r  exper iments  are  in progress to utilize exten-  
s ively this  appara tus  and sys tem in order  to eva lua te  t he  
basic t ransfer  of electrons in t he  resp i ra tory  chain  and to  
inves t iga te  the  character is t ics  of d ia lysable  soluble fac- 
tors t h a t  could p lay  a fundamen ta l  role in such a process. 

Riassunto. La  r iduzione del  c i tocromo c pu6 ave r  luogo 
anche q u a n d o  sin separa to  dat la  ca t ena  respi ra tor ia  mi to -  
condriale  da  una  m e m b r a n a .  L 'az ione  del  calcio e della 
granficidina sono cara t te r i s t iche  d is t in t ive  t ra  la r iduzione 
a t t raverso  la m e m b r a n a  e la r iduzione diret ta .  
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A Lytic Factor Associated with Brucellaphage Causing 'Lysis-from-without' 

Concent ra t ions  of BruceIla abortus phage, grea ter  t h a n  
the  rout ine  t es t  di lut ion,  cause lysis or inh ib i tory  react ions  
on lawns of Br*tcella suis, Brucelta neotomae, and soane 
Brucetla melitensis cultures,  a l though  the  phage does no t  
rep l ica te  on these  cultures.  An a t t e m p t  was made  to  
associate this  phenomenon  wi th  a the  ac t i v i t y  of a lyric 
enzyme  causing ' lys i s - f rom-wi thout  '1-4. The  present  re- 
po r t  describes the  tube- tes t  developed wi th  B, abortus 
cells and  demons t r a t e s  t ha t  tyt ie  a c t i v i t y  is bound  to the  
infec t ive  phage  part icle.  Studies  re la t ing the  specif ici ty 
of the  lyric  fac tor  wi th  phage t yp ing  react ions on o the r  
Brucella species wilt be repor ted  elsewhere. 

2!/Iaterials and melhods. The source and character is t ics  of 
the  brucel laphage and its host  p ropaga t ing  s t ra in  B. 
abortus R19 have  been described previous ly  5. Tryp t icase  
soy b ro th  (BBL) was employed  for growth  of cells. High  
t i t e r  phage  was ob ta ined  by  centr i fuging ptlage infected 
b ro th  cul tures  before lysis occurred,  resuspending cells in 
a small  vo lume  of Tris buffer  and al lowing lysis to  pro-  
ceed. The  phage  used in this  s tudy  had a coun t  of 2 × 10 ~2 
p laque- fo rming  uni ts  ( P F U ) / m l  and was s tored a t  -- 20 °C. 
F o r  demons t r a t ion  of the  lyric  react ion,  ear ly  log phase 
b ro th  cul tures  incuba ted  a t  37 °C on a shaker  were used 
wi th in  a few rain of r emova l  f rom the  shaker.  Glycine and 
e thy lened iamine  t e t r a  acetic acid (EDTA) were added  a t  
f inal  concent ra t ions  of 0.33~ and 0.00133¢ respect ively .  
The  react ion mix tu re  consis ted of 1.6 ml  b ro th  cul ture  
(2-3 × 109 cells/ml), 0.3 ml  of 3 M  glycine, 0.1 ml  of 15% 
E D T A ,  1 ml  phage di lu t ion in O,1M Tris buffer,  p H  8. 
The  change in opt ical  dens i ty  (O.D.) was measured  in a 
spec t ropho tomete r  a t  in tervals  dur ing incuba t ion  wi th-  
ou t  shaking in a 37 °C wa te rba th .  The  % of the  ini t ial  

O.D. was de te rmined  a t  each t ime  in te rva l  and p lo t t ed  
on semi-log paper .  

Results. Figure  1 shows the  decrease in O.D. wi th  t ime,  
observed  wi th  var ious  ingredients  of t he  reac t ion  mix tu r e  
singly and  in combinat ion .  Glycine  and phage,  or  E D T A  
and phage  do no t  cause as grea t  a decrease as glycine,  
E D T A  and phage.  

Ci t ra te  (0.3M) could be subs t i tu ted  for E D T A ;  and  
phospha te  buffered saline (0.13¢, p H  8) could be  sub-  
s t i tu ted  for Tris buffer.  The  ra te  of the  reac t ion  was 
grea te r  a t  p H  7.8-8 than  a t  p H  6.5-7, and a t  37-40°C 
than  a t  25-32 °C. No  react ion occurred  a t  5 ~C. Ceils kil led 
by  toluene,  heat ,  acetone,  e ther  or  formaIin were no t  
lysed. Chloramphenicol  t r ea ted  cells (25 #g /ml  b r o t h  
cul ture  for 30 nfin a t  37°C) were lysed. Other  genera  
(Escherichia coli, Salmonella typhimurium, Staphylococcus 
aureas and Micrococcus lysodeiMicus) were no t  lysed. 

F igure  2 shows the  kinet ics  of t he  reac t ion  using con- 
s t an t  subs t ra te  and va ry ing  amoun t s  of phage.  One 
hundred  P F U / c e l l  caused 50% drop in O.D. in abou t  25 
min.  An  excess of 400 P F U / c e l l  did no t  speed the  reac t ion  
t ime.  I f  fewer t h a n  25 P F U / c e l l  were employed,  the  t i m e  
requi red  for lysis approached  the  l a ten t  per iod of t he  
bac te r ium-phage  sys tem (e.g. 100 min). A t  least  5 × 10 ~° 
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