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T h e  A c t i o n  o f  N i R e r i c i n  o n  S o d i u m  E f f l u x  f r o m  t h e  T o a d  O o c y t e  

Ear l ie r  work  z revea led  t h a t  t he  eff lux of sod ium f rom 
the  oocyte  of Bu/o bulo is reduced b y  ol igomycin .  I t  
also revea led  t h a t  if t he  oocyte  is p re t rea ted  in v i v o  
wi th  t r i - iodothyronine ,  then  the  behav iour  of t he  eff lux 
toward  o l igomycin  is biphasic,  i.e. inhibi t ion is fol lowed 
1 h la ter  by  s t imula t ion .  One reasonable  exp lana t ion  of 
this  biphasic  effect  is t h a t  inhibi t ion  of respi ra t ion by  
o l igomycin  results  in the  release of mi tochondr ia l  sodium, 
which in t u r n  s t imula tes  a N a - N a  or  Na--Ca exchange  
diffusion mechanism.  The  poss ibi l i ty  t h a t  sodium is 
sequestered behind  mi tochondr ia l  m e m b r a n e s  has  now 
been tes ted  by  t rea t ing  the  oocyte  wi th  nigericin, an 
an t ib io t ic  which is known to  inhib i t  respira t ion and 
deple te  mi tochondr i a  of cations.  The  fol lowing com- 
munica t ion  brings forward kinet ic  evidence t h a t  nigericin 
increases t he  pe rmeab i l i t y  of the  oocy te  m e m b r a n e  to  
Na and subsequen t ly  l ibera tes  the  seques tered  Na  by  
a mechan i sm which  is K-dependen t .  

I m m a t u r e  oocytes  measur ing  600-1200 ~m in d i ame te r  
were ob ta ined  f rom the  ovaries  of hea l thy  female  speci- 
mens  of Bu/o bu[o. They  were then  loaded wi th  *4NaC1 
as descr ibed by  DICK and LEA 2. Count ing  of *4Na ac t iv i ty  
in the  oocy te  and eff luent  was carr ied ou t  as described 
by  DICK and  LEA* and  BITTAR, DICK and  FRY s. Niger ic in  
which  was a gi f t  f rom Dr.  ROGER L. HARNED, Commerc ia l  
Solvents  Corporat ion,  Ter re  H a u t e  ( Indiana,  USA) ,  was 
used as a solut ion in ethanol ,  the  f inal  concen t ra t ion  of 
the  alcohol  being 0.19% by  volume.  An equal  concen- 
t r a t ion  of the  a lcohol  was present  in the  control  Ringer ' s  
solution. The  composi t ion  of the  Ringer ' s  solut ion was 
t h a t  g iven  by  BITTAR, DICK and FRY a bu t  its p H  was 
7 ins tead of 7.4. The  K-free  m e d i u m  had  an NaC1 con- 
cen t ra t ion  of 109 m M  and a p H  of 7. 

As f irs t  po in ted  ou t  by  DIcK and LEA*, t he  kinet ic  
results  ob ta ined  upon s t imula t ion  of Na  eff lux by  ex te rna l  
agents  can h a v e  3 d i s t inc t  pa t te rns .  These  pat terns ,  
which  are depic ted  in F igure  1, show in the  first  case 
t h a t  a sudden  s tep-up in the  eff lux ra te  is fol lowed by  
an increase in the  eff lux ra te  constant ,  indica t ing  a raised 
pe rmeab i l i t y  of the  m e m b r a n e  to Na.  The  second form 
of behav iou r  consists  of a s tep-up  in t he  eff lux rate,  
fol lowed by  an unchanged  ra te  cons tan t  for Na  loss, 
ind ica t ing  a rise in t he  ra te  of exchange  be tween  the  
2 in terna l  Na  fract ions.  A pr ime  example  is the  behav iour  
of the  eff lux in the  absence of ex te rna l  K s (see also 

below). The  th i rd  form of behav iour  consists  of a s tep-up  
in the  ef f lux  rate,  fol lowed by  a reduced  eff lux ra te  con- 
s tant ,  ind ica t ing  par t i a l  sa tu ra t ion  of t he  p u m p  by  the  
l iberated Na. 

The  kinet ic  resul ts  wi th  nigericin appear  to conform 
to  t w o  of  these  pa t t e rns  of behaviour .  F igure  2 records 
an expe r imen t  showing t h a t  the  addi t ion  of 10 ~g/ml  
nigericin to an  oocy te  suspended in Ringer ' s  solut ion 
causes a sudden and  m a r k e d  rise in t he  ra te  of Na  efflux,  
fol lowed by  a rise in t he  ef f lux  ra te  cons tan t  (1 ou t  of  
10 exper iments  invo lv ing  oocytes  f rom the  same ovary) .  
A more typ ica l  result  (7 ou t  of the  10 oocytes  f rom this  
ovary)  is t h a t  shown in F igure  3, indica t ing  t h a t  the  
response of the  p u m p  to nigericin is biphasic.  I t  can be 
seen t h a t  subsequent  to a rise in m e m b r a n e  pe rmeab i l i t y  
to  Na there  develops  a fur ther  rise in the  eff lux rate.  As 
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Fig. 2. The effect on Na efflux of applying 10 [~g/ml nigericin. 

tncr~s8 in free ra a~ 
lncres;c in talc of partial ~aTu~ion ~ pump Stimulation~,~Or pump J'~'J'~"~tNa exchange I '~"~"~" 

Fig. 1. Stylized behaviour of Na efflux following its stimulation by 
various means (semi-log plot). 
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Fig. 3, The biphasic effect on Na efflux of 10 [zg/mI nigeriein. 
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i l lus t ra ted  by  F igure  4, the  delayed s tep-up change in Na  
eff lux is fol lowed by  a reduced eff lux ra te  cons tan t  (4 ou t  
of t0  expe r imen t s  invo lv ing  oocytes  f rom ano the r  ovary) .  

Add i t iona l  exper iments  reveMed t h a t  nigericin can  
somet imes  inh ib i t  the  Na  eIflux. 5 oocytes  which were 
isolated f rom an ova ry  responded to  10 vg /mt  nigericin 
a t  p H  7 by  exhib i t ing  in each  ins tance  a de layed bu t  
smal l  s tep-down in the  ra te  of Na  efflux, followed by  an 
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Fig. 4. Delayed s t imula t ion  of Na efflux b y  10 Exg/ml nigeriein.  
The kinetics clearly show that the pump has become partially 
saturated. 
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Fig. 5. The lack of effect of 10 {zg/ml nigeriein on Na etflux into a 
K-free medium. K removal is shown to stimulate the efflux. 

unchanged  eff lux ra te  constant .  This  form of behav iour  
is n o t  unexpec ted  of a ge rm cell  in v i e w  of the  observa t ion  
b y  HARRZS and PRESSMAN" t h a t  nigericin reduces t he  
N a  con ten t  of canine red cells and raises t h a t  of h u m a n  
red  cells. 

Ev idence  t h a t  t he  ac t ion  of nigericin is K-dependen t  
has been ob ta ined  by  examin ing  the  Na  eff lux into a 
K-free  m e d i u m  before and af ter  adding  nigericin (5 experi-  
ments) .  Shown in F igure  5 is t ha t  the  r emova l  of K ions 
f rom the  ba th ing  m e d i u m  s t imula tes  Na  efflux. Also 
shown is t h a t  nigericin is w i thou t  effect  on Na  eff lux in 
a K-free medium.  This  is in te rpre ted  to mean  1. t h a t  
increased ou tward  m o v e m e n t  of sodium caused by  
nigericin in normal  R inger  is pa r t ly  or  whol ly  ba lanced 
by  an  inward  m o v e m e n t  of potass ium,  and 2. t h a t  t i le  
re ta ined  f rac t ion of sod ium which  supposedly  nigericin 
l iberates,  is mobi l ized  by  K removal .  

The  significance of t he  biphasic  effect  of nigericin on 
Na  eff lux is c lear  bo th  f rom the  t ime-course  and the 
kinetics.  Nigeriein,  i t  would  seem, s t imula tes  the  ext rus ion  
of sodium in 2 d i f ferent  ways :  first ly,  by  increasing the  
pe rmeab i l i t y  of the  m e m b r a n e  to Na, and secondly, by  
mobi l iz ing the  sodium lying behind the  inner  membranes .  
T h a t  the  sequestered f rac t ion  of sodium is no t  s i tua ted  
in t h e  nucleus is indica ted  by  the  studies of FRY 7 
who measured  the  Na  con ten t  of nuclei  isolated f rom 
oocytes  of Bu[o bu/o, and of D lcx ,  FRY, Jo~t~ and  
ROGERS ~ who  appl ied  an  au torad iograph ic  t echn ique  and 
found t h a t  t he  bulk  of the  sod ium in the  oocyte  is ex t ra -  
nuclear.  W h e t h e r  or  no t  t he  mi tochondr i a  of the  ooey te  
are laden wi th  sodium is unknown,  bu t  the  possibi l i ty  
t ha t  t h e y  are laden seems v e r y  l ikely no t  only  in the  
l ight  of the  present  results  bu t  also of t he  repor t  by  
GRAVEN, ESTRADA-O, and LARDY 9 t h a t  nigericin causes 
t he  release of sodium f rom mi tochondr i a  previous ly  
t rea ted  wi th  gramic id in  ~°. 

Zusammen/assung. E x p e r i m e n t e  an  e inzelnen Oozy ten  
yon Bu]o bu[o zeigen, dass Niger ic in  den Na t r iumef f lux  
anregt ,  i ndem gebundenes  N a t r i u m  freigesetzt  wird.  
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R o l e  o f  the Chorion a s  a Barrier  to O x y g e n  i n  the Diapause  of the S i l k w o r m ,  Bombyx mort L. 

I t  has been shown t h a t  embryon ic  d iapause  of Bombyx 
mort is b rought  to an end when the  egg is r emoved  ou t  
of its chorion and exp lan ted  in a hanging drop of physio-  
logical saline solut ion 1 

The present  au thor  found t h a t  the  d iapause  of Bombyx 
egg t e rmina ted  also when the  diapausing egg was r emoved  

ou t  of its chorion and  exp lan ted  a t  25 °C in l iquid paraff in  
as shown in Table  I. In  l iquid paraff in  it  was improbab le  
t h a t  wa t e r  entered into t he  egg f rom outside.  Thus,  the  
Bombyx egg ,  differing f rom some o r thop te ran  eggs ~-s, 
did no t  seem to need wa te r -up take  for the  t e rmina t i on  
of diapause and for embryogenesis .  Nor  was it  p robable  


