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The  ra te  of cy toch rome  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 t e  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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P F U / t u b e  were  requi red  to  cause a decrease in O.D. 
grea te r  t han  t h a t  of t he  g l y c i n e - E D T A  control .  

Ne i the r  lyric a c t i v i t y  nor  P F U  coun t  were reduced wi th  
dialysis agains t  phospha te  buffer  a t  5 °C for 48 h, nor  
t r e a t m e n t  a t  50°C for 30 rain b u t  bo th  were  lost  a f te r  
t r e a t m e n t  a t  75 °C for 30 min.  AU lyric ac t iv i ty  was lost  
by  t r e a t m e n t  w i t h  t ryps in  (100 Fg /ml  a t  37°C for 30 rain), 
mos t  a c t i v i t y  was lost  by  similar  t r e a t m e n t  wi th  papain,  
and a drop  in P F U  also followed these  t rea tments .  Micro- 
coccal  nuclease (100 Fg/ml)  had  no effect on lytic ac t iv i ty  
or  P F U .  T r e a t m e n t  wi th  an t i -phage  serum grea t ly  reduced 
lyric  ac t iv i ty .  The  lyt ic  a c t i v i t y  was sed imented  wi th  
phage  fol lowing cen t r i fuga t ion  a t  20,000 g for 2 h. 

Dens i ty  g rad ien t  cen t r i fuga t ion  was per formed by  dis- 
solving ces ium chloride in concen t ra ted  phage to a final 
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Fig. 1. Change in optical density of a broth culture of B. atmrtus in 
presence of: (1) Tris buffer (turbidity unchanged), {2) EDTA, (3) 
phage, (4) glyeine, {5) EDTA + glyeine, (6) glycine + phage, {7) 
EDTA + phage, (8) EDTA + glycine 4- phage. Phage:cell ratio, 
68:1 in (3), (6), (7) and (8). 
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Fig. 2. Kinetics of the reaction using constant substrate and varying 
amounts of phage. The number of PFUleell plotted against time 
required for 25% (circle), 33% (triangle) and 50% (square) decrease 
in initial optical density. 

dens i ty  of 1.49, centr i fuging for 20 h a t  5°C a t  30,000 
rpm in a Spinco S\¥39 swinging bucke t  rotor,  col lect ing 
fract ions in Tris  buffer  and assaying for P F U  and lyric  
a c t i v i t y  expressed as: 

K =  logO.D,  a t  30 min  -- log O.D. a t 6 0 m i n  × 100.  
30 

The  close corre la t ion be tween  lyric ac t iv i ty  and P F U  can 
be seen in F igure  3. 

F igure  4 shows the  effect of aera t ion on lysis of phage  
infected cultures.  Phage  was added to one of the  ear ly  log 
phase  b ro th  cul tures  to give a phage :ce l l  i npu t  ra t io  of 
1:1, The  add i t ion  of phage  reduced the  g rowth  ra te  b u t  
ove r t  lysis did no t  occur  as long as the  cul ture  r ema ined  
on the  shaker,  whereas  rapid  lysis of s t a t ionary  samples  
occurred 4 h af ter  addi t ion  of phage. Samples  t aken  f rom 
the  flask wi thou t  phage did no t  change thei r  O.D. dur ing 
s t a t iona ry  incubat ion.  W h e n  avai lable  oxygen  is reduced,  
Brucella cells s top mul t ip ly ing  and phage  infected cells 
lyse rapidly.  The  samples  of lysed cul tures  were im- 
media te ly  tes ted  for lyric a c t i v i t y  in the  tube  tes t  (i.e. 
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Fig. 3. Cesium chloride density gradient eentrifugation of brucella- 
phage. Correlation of lyric activity, K, (open circles) and PFU (dosed 
circles) in each fraction. 
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Fig, 4. Optical density readings of shaking broth cultures of B. 
abortus with and without phage and stationary samples taken at 
intervals from the broth culture with phage. 
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n o n - i n f e c t e d  b r o t h  cu l tu re s  + g lycine  -t- E D T A ) .  T h e i r  
lyr ic  a c t i v i t y  was  as g r ea t  as, b u t  n o t  g r ea t e r  t h a n  could  
b e  a c c o u n t e d  for  on  t h e  bas is  of P F U  coun t .  F r ee  ly t ic  
e n z y m e  is a p p a r e n t l y  n o t  re leased  in  t h e  b r u c e l l a p h a g e  
sys tem.  

Discussion. T h e  p h e n o m e n o n  of ' l y s i s - f r om - w i t hou t '  
occurs  w h e n  a large  n u m b e r  of p h a g e  par t ic les  s imul-  
t a n e o u s l y  a t t a c k  t h e  b a c t e r i u m ,  a n d  t h e  p h a g e  e n z y m e  
d a m a g e s  t h e  cell wal l  f a s t e r  t h a n  t h e  cell c an  r e p a i r  i t  3,4. 
B o t h  E D T A  s a n d  glycine  ~ h a v e  b e e n  used  to  sensi t ize  
g r a m - n e g a t i v e  cells to  t h e  a c t i o n  of lysozyme,  a n d  E D T A  
was e m p l o y e d  to  sens i t ize  E. coli K 12 cells to  t he  ac t ion  
of endo lys in  f r o m  l a m b d a  p h a g e  s. These  s u b s t a n c e s  also 
sensi t ize  Brucella cells to  ' l y s i s - f r o m - w i t h o u t '  b y  a lyr ic  
a g e n t  a s soc ia t ed  w i t h  b ruce l l aphage .  

T h e  s imi la r i t i es  b e t w e e n  t h i s  ly t ic  a g e n t  a n d  t h e  lyso- 
z y m e  assoc ia ted  w i t h  o t h e r  b a c t e r i o p h a g e  a re :  (1) i t s  
i n a c t i v a t i o n  b y  p ro t eo l y t i c  enzymes ,  (2) t h e  k ine t i c s  of 
t h e  r e a c t i o n  w h i c h  show t h a t  t h e  decrease  in t u r b i d i t y  of 
t h e  s u b s t r a t e / u n i t  t i m e  var ies  d i r ec t ly  w i t h  e n z y m e  con-  
c en t r a t i on ,  a n d  (3) i ts  specif ici ty.  T h e  lyr ic  a g e n t  could  
n o t  b e  s e p a r a t e d  f rom t h e  b r u c e l l a p h a g e  par t i c le  b y  
d i f fe ren t i a l  cen t r i fuga t ion ,  a n t i - p h a g e  s e r u m  i n a c t i v a t i o n  
or  b y  ces ium chlor ide  d e n s i t y  g r a d i e n t  cen t r i fuga t ion .  
MURPHY a n d  PHILIPSON ~ desc r ibed  a lyr ic  e n z y m e  w h i c h  
was  b o u n d  to  t h e  Bacillus megaterium p h a g e  G par t ic le .  
I n  con t r a s t ,  o t h e r  p h a g e  lys ins  ~,3,4,~ were s epa rab l e  f r o m  
t h e  p h a g e  pa r t i c l e  ~0. 

Rdsumd. Des b a c t e r i o p h a g e s  de 13rucella se s o n t  m o n -  
tr6s capab le s  de p r o v o q u e r  une  lyse ex t ra-ce l lu la i re ,  en  
cu l tu res  l iquides  de B. abortus, en pr6sence  de  g lycine  e t  
d ' ac ide  6 thy l~ne-d ia rn ine - t6 t r aac6 t ique .  Des  t r a i t e m e n t s  
au  s6 rum an t i - bac t6 r i ophage ,  a u x  e n z y m e s  prot6olytiqu.es,  
ou la  c e n t r i f u g a t i o n  dif f6rent ie l le  d a n s  le ch lo ru re  de  
c6s ium n ' o n t  p u  s6parer  l ' a c t i v i t 6  l y t i q u e  de la p a r t i c u l e  
in fec t ieuse  elle-mSme. 
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T w o  N A D H 2  Dehydrogenases in the Basidiomycete O u d e m a n s i e l l a  m u c i d a  

D u r i n g  ou r  s t u d y  of o x i d a t i o n - r e d u c t i o n  s y s t e m s  in  
h i g h e r  fungi,  we fol lowed e n z y m a t i c  o x i d a t i o n  a n d  de-  
h y d r o g e n a t i o n  of n i c o t i n a m i d e  a d e n i n e  d inuc leo t ide  
(NADH~) as t h e  f i r s t  s t ep  in t he  r e s p i r a t o r y  cha in ,  us ing  
t he  b a s i d i o m y c e t e  Oudemansiella mucida (Schr.  ex Fr.)  
H6hne l .  

The  e x p e r i m e n t s  were  ca r r i ed  o u t  w i t h  t h e  ace tone  
powde r s  of the  myce l i un l  g r o w n  for  6 days  a t  25 °C in  a 
l a b o r a t o r y  f e r m e n t e r  a t  350 r p m  of t h e  s t i r rer ,  t h e  in-  
t e n s i t y  of a e r a t i o n  b e i n g  25 m m o l e s  O2/ i000 ml  m e d i u m / h .  
T h e  n u t r i e n t  m e d i u m  c o n t a i n e d  glucose 5 .0%, corn-  
s teep  l iquor  (50% d r y  weight )  1 .5%, MgSO 4 crys t .  0 .15%,  
d isso lved  in t a p - w a t e r ,  in i t ia l  p H  5.5 

T h e  f i rs t  r esu l t s  showed  a v e r y  slow course  of t h e  
N A D H ,  o x i d a t i o n  in  t h e  p resence  of aer ia l  oxygen .  I t  was  
cons idered  t h a t  t h e  ace t one  t r e a t m e n t  could  r e m o v e  some 
l ipophi l ic  l im i t i ng  fac to rs  necessa ry  for  t h e  u n d i s t u r b e d  
t r a n s f e r  of e lec t rons  to  oxygen .  I n  o rde r  to  t e s t  t h i s  
poss ible  e x p l a n a t i o n ,  t h e  e n z y m a t i c  d e h y d r o g e n a t i o n  of 
N A D H ,  was  fol lowed us ing  2 ar t i f ic ia l  e lec t ron  accep-  
t o r s -  2 , 6 -d i ch lo ropheno l - i ndopheno l  (DIF)  a n d  2 ,3 ,5-  
t r i p h e n y l t e t r a z o l i u m  chlor ide  (TTC). 

F o r  t h e  e s t i m a t i o n  of N A D H  2 d e h y d r o g e n a s e  a c t i v i t y  
t h e  fol lowing s y s t e m  was  a d o p t e d :  N A D H  2 0.31 / ,moles,  
p h o s p h a t e  buf fe r  150 /,moles, D I F  1.5 #moles  or  TTC 
3 .0 / ,moles ,  aqueous  suspens ion  of t h e  ace t one  p o w d e r  or  
i t s  cell-free ex t r ac t ,  t o t a l  v o l u m e  4.0 ml.  As t h e  e n z y m e  
source,  a h o m o g e n i z e d  suspens ion  of 80 m g  ace tone  
p o w d e r  in  5.0 ml  dis t i l led  w a t e r  ( p r e p a r a t i o n  A) was  used,  
or  t h e  r e spec t ive  cell-free e x t r a c t  p r e p a r e d  b y  e lu t ing  
80 m g  ace tone  p o w d e r  w i t h  5.0 m l  of d is t i l led  w a t e r  for  
3 h a t  4°C a n d  cen t r i f ug i ng  2 m i n  a t  800 g ( p r e p a r a t i o n  
B), or  cell-free e x t r a c t  B d i lu t ed  1 : 5 w i t h  dis t i l led  w a t e r  

( p r e p a r a t i o n  C). The  pe r iod  of i n c u b a t i o n  a t  27 °C de-  
p e n d e d  on  t h e  so r t  of t e r m i n a l  e lec t ron  accep to r  used a n d  
on  t he  c o n c e n t r a t i o n  of t he  r e spec t ive  e n z y m e  p r e p a r a -  
t ion.  I t  is specif ied in  t h e  Tables .  

C o n t i n u a l  co lo r ime t ry  a t  600 n m  was  used  for  t h e  
e s t i m a t i o n  of D I F  r educ t ion ,  whe reas  t h e  a m o u n t  of t h e  
r ed  f o r m a z a n e  f o r m e d  b y  t h e  r e d u c t i o n  of T T C  was  fol- 
lowed  us ing  t he  co lo r ime t ry  a t  480 n m  acco rd ing  to  a 
mod i f i c a t i on  of t h e  p rocedu re  i n t r o d u c e d  b y  LINDE- 
MANN 1. 

T h e  resu l t s  of e x p e r i m e n t s  deal ing,  w i t h  N A D H 2 - D I F  
r e d u c t a s e  h a v e  s h o w n  cons ide rab le  a c t i v i t y  of t h i s  en- 
z y m e  w h i c h  could  be  r ead i ly  e lu ted  f r o m  t h e  ace tone  
p o w d e r  b y  dis t i l led  w a t e r  (Table  I). I t s  o p t i m a l  p H  was  

Table I. Elution of the NADH~-dichlorophenol-indophenol reduc- 
tase from the acetone powder of O. mueida 

Enzyme Protein Extinction at 600 nm after the incuba- 
preparation content tion period (see) 
(0.2 ml) mg 

0 1 15 30 45 60 

A (suspension) 1.203 0.25 0 0 0 0 0 
B (extract) 0.455 0.25 0.15 0.05 0 0 0 
C (diluted 0.091 0.25 0.25 0.22 0.19 0.I6 0.14 
extract) 
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