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Les ensembles enzymatiques participant /t la biosynth6se du cholesterol seraient 
identiques dans les deux classes de membranes, mais avec des densitds de distribution 
propres ~ chacune d'elles. Si les deux membranes synth6tisent chacune pour son 
compte leur propre cholest6rol de structure, le cholestdrol destin6 au mdtabolisme 
g6n6ral de l'organisme provient essentiellement des membranes endoplasmiques lisses 
du foie. 

Le Tableau I I  (b) pr6sente l'activit6 sp6cifique du cholest6rol dans le foie et 
dans le plasma. Bien que, d6s 2o rain apr6s l'injection du m6valonate, on observe 
l'6quilibre entre les deux classes microsomiales, au temps 5 min le cholest6rol est 
z fois moins actif dans les microsomes lisses que dans les microsomes rugueux; ceci 
pourrait r6sulter d'une dilution du cholest6rol nouvellement synthdtis6 par le chol- 
estdrol des lipoprot6ines non structurales, pr6sentes en plus grande quantit6 dans les 
v6sicules lisses. L'dquilibre observ6 d6s I h entre le plasma et le foie rdsulte des 
6changes rapides entre le cholestdrol plasmatique et le cholest6rol synth6tis6 par les 
membranes du r6seau endoplasmique hdpatique. 

En conclusion, les donn6es prdsent6es dans cette note sur le rdseau endo- 
plasmique de l 'h4patocyte adulte montrent que la biosynth6se du cholest6rol proc4de 
dans les deux fractions lisse et rugueuse selon la m6me cin~tique mais que le r6seau 
lisse, relativement plus riche en enzymes que le rdseau rugueux, synth6tise la majeure 
partie du cholestdrol h6patique. 
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The rates of action of K+ and ouabain on the sodium pump in squid axons 

It is now known that in nerve and red blood cells there are at least two modes 
of operation of the sodium pumpX, 2. In one mode internal Na + is exchanged for ex- 
ternal K + and in the other internal Na + is exchanged for external Na +. Both processes 
are dependent on metabolic energy and are inhibited by the cardiac glycoside ouabain. 
Na+-Na + exchange is only seen in partially-poisoned squid axons 1 and in the un- 
poisoned axon 5o-9o % of the resting Na + efflux is dependent on external K +. For 
a proper understanding of the pump mechanism, it is important to know whether 

Abbreviat ions:  io K(Na)AS\V, artificial sea water  (composition in nlM: NaC1, 460; KCI, io;  
MgC12, 55; CaCI2, I I ;  NaHCO a, 2.5); o K(Na)ASW, contains no KC1; ioo K(Na)ASYV, contains 
in raM: NaC1, 4oo and KC1, ioo. 
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this  dependence  on K + represents  a r igid l inkage be tween  Na+ efflux and K + influx 
or  whether  the  ac t ion of K + is less direct .  I t  ought  to be possible to d is t inguish  
be tween these two possibi l i t ies  b y  measur ing  the ra te  a t  which the N a  + efflux is 
reduced  af ter  r emova l  of ex te rna l  K +. If, in the  absence of ouabain,  the  efflux of 
N a  + is ob l iga tor i ly  coupled to the  influx of K +, t ransfer  to K+-free sea wa te r  ought  
to reduce the  N a  + efflux i m m e d i a t e l y  the  K+-free solut ion reaches the outs ide  of 
the  axon membrane .  If K+-free sea wa te r  acts wi th  a lag, this  would be evidence 
for an indi rec t  ac t ion of ex te rna l  K+. 

The ra tes  of ac t ion of var ious  ex te rna l  solut ions have been examined  using 
a special  a p p a r a t u s  for effecting rap id  solut ion changes. Gian t  axons from Loligo 
forbesii were c leaned very  careful ly  to remove most  of the  adher ing  small  nerve fibres 
and were loaded with  2~Na b y  micro- inject ion.  Axons were m o u n t e d  in the  out le t  
a rm of a th ree -way  tap.  The to ta l  dead  space was o.5 ml and  the  flow ra te  was 
2 -  3 ml/sec. 2.5 sec was the  shor tes t  collection t ime  used. I t  was possible to s t imula te  
and record e lectr ical ly  from an axon th roughou t  a h igh-speed run. A measure  of the  
effectiveness of the  solut ion change was t h a t  t ransfer  from N a  + art if icial  sea wa te r  
to choline art if icial  sea wa te r  abol ished the ac t ion po ten t i a l  in 2 sec. 

Af te r  t ransfer  from IO K ( N a ) A S W  to o K ( N a ) A S W  the  efflux was reduced  to 
half  in 3-4  sec. Much of this  t ime  p r o b a b l y  resul ted  from two processes:  (1) the  t ime 
t aken  to reduce the  K + concent ra t ion  in the  immed ia t e  v ic in i ty  of the  axo lemma 
and  (2) the  t ime t aken  to wash out  the  res idual  r a d i o a c t i v i t y  from a round  the axon.  
An  independen t  es t imate  of the  t o t a l  t ime requi red  for these processes was ob ta ined  
b y  measur ing  the  ra te  a t  which t ransfer  from N a  + to choline abol ished the ex t r a  
N a  + efflux dur ing  electr ical  ac t iv i ty .  W i t h  a t e t an iza t ion  f requency of IOO impulses  
per  sec the  t ime  for the  N a  + efflux to fall to half was 3 -4  sec, In  three  exper imen t s  
these two de te rmina t ions  were compared  on the same axon. No significant difference 
was detec ted .  The s imi la r i ty  be tween the ra tes  of ac t ion of K+-free sea wate r  on 
the  sodium p u m p  and of Na+-free sea wa te r  on the ac t ion  po ten t ia l  suggests t ha t  
K+-free sea wate r  acts ve ry  rapid ly .  W i t h  the  t ime resolut ion of the  present  me thod  
K+-free sea wa te r  appears  to act  immedia te ly .  If  there  is a lag, these exper iments  
suggest  t ha t  i t  cannot  be longer than  i sec. 

The ra te  of inhib i t ion  of the  N a  + efflux b y  different  concent ra t ions  of ouaba in  
was measured  on axons immersed  in IO K(Na)ASW.  In  9 exper iments  using IO -s  M 
ouaba in  inhibi t ion  was half  comple te  in 37 • 5 sec (temp. 17-19°). Single de te rmi-  
na t ions  in lO -3, lO -4 and  lO -6 M onaba in  gave t imes  to half  inhibi t ion  of 13, lO.5 
and  I3o sec, respect ively .  Even  in lO -3 M ouaba in  which is a concent ra t ion  lO 4 grea ter  
than  t ha t  required to produce  IOO % inhibi t ion  the  ra te  of act ion of ouaba in  was 
3 -4  t imes  slower than  t ha t  of K+-free sea water .  In  m a n y  exper iments  there  was 
a brief accelerat ion of the  Na  + efflux before inhibi t ion  set in. The significance of this  
is not  clear. 

The most  in te res t ing  aspect  of these exper iments  was the  finding t ha t  the  ra te  
of act ion of ouaba in  depends  bo th  on the ionic composi t ion  of the  ex te rna l  med ium 
and  also on the metabol ic  s ta te  of the  cell. The  impor t ance  of ionic composi t ion  was 
inves t iga ted  b y  exposing axons  to lO -5 M onaba in  in IO K ( N a ) A S W  the  Na  + of which 
had  been replaced i sosmot ica l ly  b y  Li +, K +, choline or dextrose .  The ra tes  of inhib i t ion  
in Na  + and  Li + were ve ry  s imilar  bu t  were a lmost  IO t imes faster  t han  in choline 
or dextrose .  The ra te  in K + was in t e rmed ia te  be tween  these extremes.  In  choline 
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and dextrose the presence of IO mM K + had no detectable effect on the rates of 
inhibi t ion.  The high-speed appara tus  made it possible to apply ouabain  for a short 
period of t ime and then to switch to a ouabain-free medium. By suitable choice of 
t imes it was possible to arrest the process of inhibi t ion at some intermediate  stage. 
In  this way it was shown that  inhibi t ion of the Na ~ efflux into Na ÷ and choline 
sea waters occurred in a parallel fashion. Thus when the efftux was half inhibi ted 
in Na + it was also half inhibi ted in choline and vice versa. These observations suggest 
tha t  in both Na * and choline sea waters inhibi t ion is effected by ouabain  acting at 
the same site. 

Inh ib i t ion  by  ouabain  proved very difficult to reverse. After a 5 rain exposure 
to IO a M ouabain  in IO K(Na)ASW, washing for 2 h in ouabain-free IO K(Na)ASW 
or I. 5 h in ouabain-free IOO K(Na)ASW failed to recover any  further  ouabain-  
sensitive Na + efflux. However, when io -5 M ouabain  was applied in a similar way to 
an axon which had been poisoned by  exposure for 4 h at 18 ° to IO K(Na)ASW con- 
ta in ing 2 nlM cyanide, on first removing the ouabain  and then the cyanide a large 
ouabain-sensi t ive Na ~ efflux was obtained.  In  a separate experiment  it was shown 
that  the presence of 2 mM cyanide did not  itself appreciably interfere with the action 
of ouabain.  The rate of action of ouabain  was only reduced in fully poisoned axons. 
The Na ~-Na + exchange which is seen in axons part ial ly-poisoned with alkaline dinitro- 
phenoP was rapidly inhibi ted by ouabain ;  in a single high-speed experiment  with 
IO 5 M ouabain  the Na + efflux into o K(Na)ASW was half inhibi ted in 15 sec. 

One in terpre ta t ion  of these results is tha t  metabolism makes available at the 
outside of the axon membrane  labile groups with which ouabain  can combine. This 
combinat ion  is facil i tated by  the presence of either Na + or Li + in the external  medimn.  
In  squid axons the act ivat ion of the pump by  external  K ÷ is inhibi ted a by  Na + and 
Li + and it seems possible tha t  the group with which ouabain  normal ly  combines is 
a par t  of the t ranspor t  mechanism which exhibits  an affinity for Na + and Li ~ and 
which appears at  the outside of the membrane  during both N a + - K  + exchange and 
Na+-Na  + exchange. Combinat ion of this group with ouabain  nfight block subsequent  
t ranslocat ion to the cell inter ior  of both K + and Na + and thus block N a + - K  + exchange 
and Na+-Na  + exchange. 
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