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Influence de la nystatine sur la croissance, la conidiation et la synth~se des st~rols libres et est6rifi6s de la souche sauvage et du mutant 
(4 jours de eroissance en milieu liquide) 

Souehe Source d'azote Nystatine Poids sec myc61ium Nombre de conidies par g de myc~lium St6rols libres et est6rifi6s 
(ppm) (rag/l) • l0 T (mg/g myc61ium) 

Sauvage Phenylalanine 0 409 4- 22 - 8,4 4- 0,8 
Sauvage Phenylalanine 2 276 -t- 2 - 7,6 -r 0,3 
Sauvage Arginine 0 705 -t: 107 6,6 4- 3,7 11,6 4- 0,9 
Sauvage Arginine 2 521 4- 28 0,4 4- 0,9 7,8 4- 1,3 

Mutant Phenylalanine 0 375 4- 13 - 11,8 4- 0,5 
Mutant Phenylalanine 2 287 4- 13 11,8 4- 0,2 
Mutant Argine 0 784 4- 50 8,7 4- 6,6 15,7 4- 1,9 
Mutant Arginine 2 840 ~ 150 48,7 4- 18,6 14,2 4- 0,6 

est, pa r  contre ,  d6pourvu de ces st6rols li6s par  complexes  ; 
il compense  pa r t i e l l emen t  ce m a n q u e  par  une t eneu r  plus 
6levee en st6rols l ibres e t  est6rifi6s. La  possibilit6 de 
s61ectionner de tels m u t a n t s  devra i t  p e r m e t t r e  d '6claircir  
le r61e des st6rols li6s par  complexes  dans  les cellules 
v6g6tales;  on a d m e t  g6n6ralement  qu' i ls  cons t i t uen t  une 
r6serve de st6rols fac i lement  disponibles14. 
La n y s t a t i n e  inf luence r e l a t i vemen t  peu la synth~se  des 
st6rols li6s pa r  complexes  chez la souche sauvage.  Cet 
an t ib io t ique  indui t  pa r  cont re  a b o n d a m m e n t  la synth6se  
de ce t te  cat6gorie de st6rols chez le m u t a n t .  Cet te  aug- 
m e n t a t i o n  de la t eneur  en st6rols li6s par  complexes  peu t  
cons t i tuer  un  m6canisme de d6fense de la cellule con t re  
la nys ta t ine .  U n  tel  m6canisme a 6t6 invoqu6 poul" expli-  
quer  l ' a u g m e n t a t i o n  de la synth~se  des st6rols l ibres e t  
est6rifi~s sous l 'effet  de la nys t a t i ne  15 et  de la sulfanila- 
mide16 chez les levures. Les 2 souches du copr in  on t  le 
mSme spect re  qua l i ta t i f  de st6rols;  celui-ci con t i en t  tr~s 

p r o b a b l e m e n t  de l 'ergost6rol  e t  du 22-dihydroergost6rol .  
I1 n ' e s t  pas  influenc~ pa r  la nys t a t i ne .  
La nys t a t i ne  change non  seu lement  la synth~se des st6rols 

"mais encore l ' in tensi t6  de la conid ia t ion;  celle-ci d iminue  
chez la souche sauvage  en pr6sence de l ' an t ib io t ique  et  
augmen te  par  cont re  f o r t e m e n t  chez le mu t an t .  Dans  
le milieu ~ base de ph6nyla lanine ,  la nys t a t i ne  n ' a r r ive  
pas ~ induire  la fo rma t ion  de conidies. Une  lois de plus, 
les changemen t s  st6roliques provoqu~s soit  par  des mu ta -  
t ions  soit par  l ' add i t ion  de st6rols exog~nes 17 sont  ac- 
compagn6s  de va r i a t ions  dans  l ' in tensi t6  de la reproduc-  
t ion asexuelle;  ces var ia t ions  son t  beaucoup plus mar-  
qu6es que celles de la croissance myc61ienne. 
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Summary .  R h y t h m i c  slow square - shaped  po ten t i a l  waves  last ing 20-50 sec are induced  in Aplys ia  neurones  when  
Ca ++ is replaced by  Ba  ++. Dur ing  the  plateau,  the  m e m b r a n e  is h ighly  pe rmeable  to  Ba ++ ions, whereas  in the  i n t e r -  
wave  per iod the  m e m b r a n e  resis tance increases b y  60 t imes.  Analysis  wi th  slow cur ren t  r a m p s  suggests  t h a t  t he  
m e m b r a n e  proper t ies  of Ba- t r ea ted  neurones  and  normal ly  burs t -genera t ing  neurones  are similar. 

Dur ing  the  las t  few years,  much  a t t en t i on  has  been  paid  
to  the  m e m b r a n e  mechan i sms  genera t ing  the  slow po ten t i a l  
osci l lat ions in mol luscan burs t -genera t ing  neurones  and  
in neurones  exhib i t ing  p a r o x y s m a l  depolar iza t ion  shif ts  
(PDS).  Our p resen t  ideas abou t  these  m e c h a n i s m s  are 
der ived ma in ly  f rom expe r imen t s  pe r fo rmed  in normal  or 
pen ty l ene t e t r azo l - t r e a t ed  neurones  of molluscs. Besides, i t  
was  r epo r t ed  t h a t  Ba ++ induces  ' square  shaped '  slow 
waves  in var ious  nerve  cells 1-4. The ana logy be tween  
these  d i f fe rent  electr ical  slow behaviours  makes  the  Ba 
effect  pa r t i cu la r ly  in teres t ing,  since i t  can  be easily 
reproduced.  The p re sen t  communica t ion  deals w i th  the  
slow waves  induced  by  replacing Ca ++ by  Ba ++ in Hel ix  
and Aplys ia  neurones .  
The expe r imen t s  were pe r fo rmed  on Hel ix  p o m a t i a  and 
on a smal l  spec imen (5-10 g) of Aplysia  rosea collected 
along the  Medi t e r ranean  coast .  The abdomina l  gangl ion 
was r emoved  f rom the  an imal  and  2 KCl-filled e lect rodes  

were inser ted  in the  cell. The Aplysia  neurones  s tudied  
were R14, RI~, R~ to R 4 and L n.  The  mos t  cons t an t  effect  
of Ba ++ -saline was observed  on R14 and Lll. All following 
results  refer to R~4. Voltage measu remen t s  were made  
wi th  convent iona l  me thods .  
Af ter  control  tes ts  of t he  m e m b r a n e  charac te r i s t ics  of the  
cell, the  art if icial  sea wa te r  (ASW) was  changed to  A S W  
in which  Ca ++ was replaced by  Ba  ++. In  order  to avoid a 
prec ip i ta te  of BaSO 4, t he  MgSO 4 (20 mM) of the  normal  
A S W  was replaced b y  an isosmot ic  amo u n t  of MgCl, 
(NaC1 494 mM, KC1 10 mM, MgCI~ 50 mM, Tris p H  7.7 
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10 mM, BaC12 10 raM.) I m m e d i a t e l y  af ter  perfus ion wi th  
the  Ba++-ASW, the  cell which  is normal ly  si lent begins  to 
fire regularly.  Then  the  spikes t end  to group in burs t s  of a 
few spikes (figure, A : A1). This  per iod of hype rexc i t ab i l i t y  
is followed by  a si lent per iod dur ing  which  the  cell 
hyperpolar izes  (2-5 mV). The slow waves  appear  f rom the  
hyperpo la r ized  state,  15-20 min af ter  Ba appl ica t ion  and  
af ter  30 min,  the i r  f requency  and shape are cons tan t .  In  
the  in te r -wave  period,  the  po ten t i a l  is close to -40  m V  
(figure A : A3). 
The slow waves are preceded  by  a slow depolar iza t ion  
(3 mV/min)  which  t r iggered a burs t  of spikes of increasing 
dura t ion .  Finally,  a slow wave appears  on the  repolar izing 
phase  of the  last  spike of the  burst .  This  p a t t e r n  repro-  
duces regular ly  for several  h wi th  a 4 min period.  The 
dura t ion  of the  slow wave  and of the  in te r -wave  per iod 
can be increased or decreased by  inward  or ou t w a rd  
cu r ren t  inject ion.  The slow depolar iza t ion  preceding  the  
bu r s t  of spikes tu rns  to slow hyperpo la r i za t ion  under  
mode ra t e  (5 nA) inward  cur ren t  inject ion,  indica t ing  a 
reversal  po ten t i a l  close to -60 inV. The p la teau level of the  
wave  is be tween  + 2 0  and + 3 0  mV and lasts 35 sec 
(20-50 sec). I t  varies w i th  the  concen t ra t ion  of the  Ba++: 
be tween  2.5 and 20 mM Ba ++, the  p la teau  level is l inear ly  
re la ted  to  the  loga r i thm of the  Ba ++ concen t ra t ion  wi th  
a slope of 29 m V  per  decade cor responding  to the  theo-  
ret ical  value for a pure  Ba ++ electrode.  
The slope res is tance of the  membrane ,  t e s t ed  by  shor t  
cu r ren t  pulses (500 msec, 1-5 nA) undergoes  cyclic var ia-  
t ions:  i t  is max imal  jus t  before t h e  spiking (6 MD) and 
reduces  to 0.1 MD at  the  beginning of the  p la teau  (figure, 
B). Dur ing  the  slow decaying phase  of the  plateau,  and  
dur ing  the  slow depolar iza t ion in the  in te r -wave  period,  
the  m e m b r a n e  res is tance increases. Similar  results  were 
ob ta ined  on P lanorb is  neurones  ba thed  in Ba-con ta in ing  
saline 3 
I t  can be concluded t h a t  on the  depolar ized plateau,  the  
m e m b r a n e  becomes highly  permeable  to Ba ions. I t  is to  
be no ted  t h a t  add ing  of 10 mM Ca ++ or 10 mM Co++ to 
the  B a - A S W  blocks the  slow waves whereas  T T X  (up 
to 5 • 10 -5 M) has no effect. The cur ren t -vo l tage  relat ion 
of the  m e m b r a n e  was de te rmined  dur ing  a cur ren t  c lamp.  

We used a slowly l inearly increasing cur ren t  (slope __ 1 
nA/sec) followed wi th  a var iable  de lay  by  a symmet r i ca l l y  
d e c r e a s i n g  cur ren t  (figure, C). Direct  X - Y  plots  of t he  
cur ren t -vo l tage  re la t ionships  are shown in the  figure, D. 
In  b o t h  direct ions,  the  i-V curves display a f lat  region 
cor responding  a p p a r e n t l y  to  a ve ry  low conduc t ance  
s ta te ,  b u t  the  cu r r en t  value of t h a t  f l a t t ened  region de- 
pends  on b o t h  sign of cur ren t  r a m p  and  initial  condi t ions .  
W i t h  a shor t  de lay  (0-20 sec) be tween  r a m p  pulses, the  
po ten t i a l  t r a j e c t o r y  in the  i-V plane describes a clock- 
wise hys teres is  loop (figure, D:D1), i .e.  for cor responding  
cur ren t  levels, the  po ten t i a l  is more  nega t ive  wi th  the  
repolar izing r a m p  t h a n  wi th  the  depolar iz ing one. W i t h  
a longer de lay  (figure, D:D3) (more t h a n  25-30 sec) the  
hysteres is  reverses  to a counterclockwise loop. This  
behaviour ,  a l ready  observed in PTZ- induced  bur s t -gene ra -  
t ing 5 and in w a rmed  L n Aplys ia  neurones  6, can be in ter-  
p re ted  as the  effects  of a quasi  s t eady- s t a t e  nega t ive  
resis tance whose magn i tude  and posi t ion in the  i -V plane  
depend  on the  init ial  s ta te  of the  membrane .  Such  a po-  
t en t i a l - d ep en d en t  nega t ive  res is tance  is an essent ia l  
charac ter i s t ic  of normal ly  burs t -genera t ing  neurones  4, ~, s. 
I t  thus  appears  t h a t  the  var ious  slow po ten t i a l  waves  are 
p roduced  by  s imilar  ionic mechanisms .  I t  can be h o p e d  
t h a t  an ex tens ive  analysis  in vol tage c lamp cond i t ions  of 
Ba- t r ea ted  neurones  would  give data ,  (for the  m o m e n t  
still part ial)  necessary  to r econs t ruc t  the  slow po ten t i a l  
behaviour  of pacemaker  neurones.  
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Effects of substitution of Ca ++ by 
Ba ++ on R14 neurone of Aplysia. 
A Spontaneous burst of spikes 
and square-shaped stow wave ob- 
tained respectively 5 rain (A1) and 
25 min (A2) after Ca was replaced 
with Ba ++. The zero potential 
level is indicated by the horizontal 
line. B Pen-recording of potential 
changes (ZIV) induced by regular 
inward current pulses Z]I. The 
slope conductance A I/zlV is great- 
est at the beginning of the slow 
wave and declines during the 
plateau and in the interwave in- 
terval (action potentials are re- 
duced by the time constant of the 
pen recorder). C Potential changes 
(upper trace) induced by depolar- 
izing and then repolarizing current 
clamp ramps (1 nA/sec) (lower 
trace). D Direct display of the 
current-voltage relationship deter- 
mined with the procedure de- 
scribed in C; in D 1 and D2, the 2 
ramps are separated by 18 and 42 
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sec respectively. Inward currents are downward. The horizontal and vertical axes are respectively zero current and zero potential baselines. 
Arrows show the directions of the trace starting from the left. The dashed lines outline the rapid depolarizing phase of the last spike 
just preceding the plateau. The hysteresis loop is described clockwise in D I and counterclockwise in D 2. 


