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Modif icat ion of the A m i n o - A c i d  Eff lux Dur ing  the O s m o t i c  A d j u s t m e n t  of Isolated A x o n s  of Callin- 
ectes sapidus 

Various  s tudies  have  s h o w n  t h a t  t he  regula t ion of t he  
cell osmot ic  pressure  ( intracel lular  i sosmot ic  regulat ion) 
occurr ing in euryha l ine  inve r t eb ra t e  t issues when  sub- 
m i t t e d  to  an osmot ic  s t ress  is no t  the  resul t  of a pass ive  
osmosis  phenomenon .  I t  r a t he r  impl ica tes  an act ive  modi-  
f icat ion of t he  concen t ra t ion  of var ious  in t racel lular  os- 
mot ic  effectors  a m o n g  which  amino  acids p lay  a p r o m i n e n t  
part~-~. I t  has  been  p roposed  t h a t  two  d i f fe ren t  mecha-  
n isms could be impl ica ted  in t he  regula t ion  of t he  concen-  
t r a t i on  of the  amino  acids. The f i rs t  mechan i sm involves  
modif ica t ions  of t he  pe rmab i l i t y  of the  cellular m e m b r a n e  
to  the  amino  acids ~-~ and  the  o ther  one impl ica tes  modi-  
f ica t ions  of the  me tabo l i sm of these  organic osmot ic  effec- 
tors~,S, ~. We  therefore  under took ,  toge the r  w i th  a s t u d y  
of t he  vo lume modif icat ions ,  a s t u d y  of the  eff lux of label- 
led alanine on axons  isolated f rom the  walk ing  legs of t he  
euryha l ine  c rus tacea  Callinectes sapidus, when  s u b m i t t e d  
to a h y p e r  or a h y p o o s m o t i c  stress.  

The stresses are ach ieved  following a m e t h o d  p rev ious ly  
descr ibed ~. The vo lume modif ica t ions  are fol lowed on an 
isolated axon,  w i th  a microscope p rov ided  wi th  a camera  
a t t a c h m e n t .  The vo lume  changes  are calcula ted f rom the  
modi f ica t ions  in t he  axon d i ame te r  measured  on enlarg- 
m e n t s  of the  p ic tures  t a k e n  dur ing  the  exper iments .  Fo r  
these  calculat ions,  t he  leng th  of the  axon is assumed to  be 
cons tan t .  The eff lux of a lanine  is s tud ied  by  d ropp ing  the  
axons,  p re loaded  by  :soaking t h e m  for 90 rain in all iso- 
tonic  saline conta in ing  alanine-U-~aC (20 m2Vf, 5 FC/ml), 
in sc int i l la t ion coun t ing  vials con ta in ing  2.5 ml  of a non-  
rad ioac t ive  saline. The axons  are washed  for 5 min  in each 
vial. At  t he  end of the  expe r imen t ,  t he  axons  are b lo t t ed  
on f i l ter  paper ,  weighed and  t h e n  d iges ted  in 2 ml  of so- 
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Fig. 1. Modification of the volume of isolated axons of Callinectes 
sapidus during a hyperosmotic (�9 or a hypoosmotic (@) stress. The 
given data are mean values for 5 experiments. The hypoosmotic stress 
is achieved by dropping the axons of a sea water crab from a saline 
corresponding to the blood composition of a crab adapted to sea water 
(osmotic pressure zl = 1100 mOsm/1) to a saline corresponding to the 
blood composition of a crab adapted to twice diluted sea water 
(osmotic pressure ~2 ~ 825 mOsm/1). The hyperosmotie stress is 
achieved by dropping the axons of a crab adapted to twice diluted 
sea water from a saline corresponding to the blood composition of a 
crab adapted to twice diluted sea water (osmotic pressure ~1 = 825 
mOsm/1) to a saline corresponding to the blood composition of a sea 
water adapted crab (osmotic pressure z2 = 1100 mOsm/1). Tile volume 
measured during the control period is considered as 100%. 

luene (Packard  I n s t r u m e n t  Co.) before being coun ted  for 
res idual  rad ioac t iv i ty .  !5 ml  of T t  21~~ are added  to  t he  
vials con ta in ing  the  wash ing  saline. The vials are t h e n  
coun ted  in a Beck man  scint i l la t ion coun te r  set  a t  2% 
error. The r ad ioac t iv i ty  appear ing  in t he  wash ing  saline 
is due for 75.5% to labelled alanine as shown by  chroma-  
tograph ic  analysis .  

W h e n  s u b m i t t e d  to  a hypoosmot i c  stress, the  axon  
shows a rap id  vo lume r e a d j u s t m e n t  (Figure 1). W i t h i n  the  
f i rs t  5 min  following the  appl ica t ion  of the  stress, t he  axon  
swells of abou t  30%. A few hours  later,  the  vo lume is com- 
p le te ly  regulated.  However ,  more  t h a n  50% of th is  re- 
a d j u s t m e n t  takes  place dur ing  the  f i rs t  hour.  In  these  con- 
di t ions,  the re  is an i m p o r t a n t  increase in the  a lanine efflux 
immed ia t e ly  af ter  the  appl ica t ion  of t he  stress. The  out-  
f lux is t h e n  progress ive ly  s l o w e d d o w n  and re tu rned  to val- 
ues s l ight ly  h igher  t h a n  the  cont ro l  (Figure 2). This  is bes t  
shown when  consider ing the  hal f  renewal  t imes  ca lcula ted  
f rom the  slope of the  residual  ac t iv i ty  curve correspond-  
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Fig. 2. Modification of the efflux (�9 @) and of the residual activity 
(rq, ll) of alanine-~C in isolated axons of Callinectes sapidus sub- 
mitted to a hypoosmotic (0) or a hyperosmotic (�9 [3) stress. The 
stress is applied at the time marqued by the arrow and is achieved 
in the way described in the legend of Figure 1. 
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ding to the  in t racel lular  c o m p a r t m e n t  of the  axon (Figure 
2). The per iod dur ing  the  hypoosmot i c  s t ress  is 125 min  
compared  wi th  160 min  as t he  control .  

Dur ing  the  hype rosmot i c  stress,  on the  cont rary ,  there  
is an immed ia t e  shr inkage of the  axon  and no volume re- 
gulat ion can be observed even  af ter  6 h of incuba t ion  in 
the  hyper ton ic  saline (Figure 1). I n  th i s  case, no signifi- 
can t  modi f ica t ion  of the  alanine efflux can be recorded 
(Figure 2). 

I t  appears  therefore  t h a t  an increase in alanine eff lux is 
associated wi th  the  rap id  vo lume  r e a d j u s t m e n t  occurr ing 
af ter  t he  appl ica t ion  of a hypoosmot i c  stress. A same mod-  
i f icat ion of eff lux wi th  various o ther  organic molecules 
such as urea or propylene-glycol .  On the  o ther  hand,  a 
s imilar  change in t he  efflux of 2-amino- isobutyr ic  acid has 
been  observed  on bundles  of muscle  fibers isolated f rom 
Callinectes and  s u b m i t t e d  to a hypoosmot i c  stress n.  
Moreover,  all increase in the  pe rmeab i l i t y  to  po ta s s ium 
has been recent ly  d e m o n s t r a t e d  on duck e ry th rocy te s  
dur ing the  volume r e a d j u s t m e n t  following the  appli-  
cat ion of a non-hemoly t i c  hypoosmot i c  stress ~2. All in- 
creased release of amino  acids has also been  observed on 
the  isolated mussel  hea r t  under  hypoosmot i c  stress con- 
di t ions  ~3. Al though modif ica t ions  of tile ext racel lu lar  
space can pa r t l y  account  for the  changes  in efflux, i t  
appears  thus  t h a t  an increase in the  pe rmeab i l i t y  of the  
cellular m e m b r a n e  is impl ica ted  ill th i s  phenomenon .  

The increase in the  a lanine efflux we observe  is no t  mo- 
dified when  the  axons  are s u b m i t t e d  to  the  hypoosmot i c  
stress in salines where  NaC1 has been replaced by  LiC1 or 
choline chloride or ill calcium free salines; a l though  in th is  
last  condi t ion,  the re  is a general  increase in the  alanine 
efflux. The increase in eff lux is however  comple te ly  sup- 
pressed when  the  axons  are d ropped  in a saline, the  ionic 
compos i t ion  of which  is ident ical  to  the  ionic compos i t ion  
of the  hypo ton ic  saline bu t  which  is kep t  i sosmot ic  t o  the  
control  saline by  add i t ion  of sucrose. I t  is therefore  con- 
c luded t h a t  the  increase in efflux is induced  by  the  swelling 
of the  t issue p roduced  by  the  modi f ica t ion  of t he  osmot ic  
pressure  'per  se'. 

Thus,  in hypoosmot i c  media,  Callinectes axons,  af ter  an 
ini t ial  phase  of swelling, rever t  t owards  the i r  original  vo- 

l u m e  at  least  pa r t l y  by  v i r tue  of a loss of cellular osmot ic  
effectors.  This  loss is a consequence  of a t e m p o r a r y  increase 
in efflux which requires  changes  in m e m b r a n e  charac ter i s -  
tics. These changes  in efflux seem to be induced by  the  mod-  
if icat ion of the  osmot ic  pressure  'per  se' and no t  by  the  
a l terat ion,  in the  incuba t ing  saline, of the  concen t ra t ion  
of a specific ionic species. 

Tha t  such a mechan i sm of isosmotic  in t racel lular  regula- 
t ion  can be a t  p lay  dur ing  the  a d a p t a t i o n  in vivo of a eury-  
hal ine species to d i lu ted  media  is still  unknown.  This  pos- 
s ibi l i ty  is now under  inves t iga t ion  14,15. 

Rdsumd. Au cours du choc hypoosmot ique ,  le vo lume 
d 'un  axone isol6 d ' une  p a t t e  de crabe euryha l in  Calli- 
nectes sapidus est  r a p i d e m e n t  r6gularis& E n  m6me temps ,  
on observe une a u g m e n t a t i o n  du f lux so r t an t  de l ' a lan ine  
marqu6e.  Cet te  a u g m e n t a t i o n  pa ra i t  6tre due ~ une  modi-  
f icat ion de la m e m b r a n e  axonale,  p rodu i t e  par  la var ia-  
t ion de la press ion osmot ique  dans  le milieu d ' incuba t ion .  
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C h e m i c a l  P r o m o t i o n  of  P i s t i l l a t e  F l o w e r  F o r m a t i o n  in  Cucurbi ta  

Flower  sex express ion  in the  cucumber  proceeds  t h ro u g h  
a nodal  sequence in the  appearance  of f lower t ypes  1. The 
early nodes  formed produce  only s t amina t e  flowers, follow- 
ed by  a monoecious  phase  and  f inal ly successive nodes  
of pis t i l la te  flowers. This  p a t t e r n  general ly occurs even 
t hough  all floral buds  pass t h rough  a c o m m o n  bisexual  
phase  dur ing d e v e l o p m e n t  2, 3. 

F lower  sex express ion can be modif ied by  env i ronmen-  
tal4, 5 and  chemical  5-7 factors.  The s t amina t e  phase  is 
favored by  gibberel l ins 5,6 and  the  pis t i l la te  phase  by  
aux ins7  g rowth  r e t a r d a n t s  s, and  some unsa tu r a t ed  hy-  
d rocarbons  9, ~3. ~Recently, much  in teres t  has  been d i rec ted  
to  t he  role of e thy lene  n-~2. This  r epor t  describes t he  mark-  
ed p romot ion  of pis t i l la te  f lower fo rma t ion  wi th  1, 1, 5, 5- 
t e t r a m e t h y l - 3 - d i m e t h y l a m i n o d i t h i o b i u r e t  (MATB) on 
nodes t h a t  normal ly  would  p roduce  only s t amina t e  flowers 
and  the  reversal  of th is  effect  wi th  gibberell in Aa(GA2). 

Materials and methods. Cucumber  (Cucumis sativus L. 
cv. Na t iona l  Pickling) were cul tured  in a greenhouse  a t  a 
14-h pho tope r iod  and m i n i m u m  day  and  n ight  t empera -  
tures  of 25 and  21 ~ respect ively .  Fol iar  sprays  of MATB 

(0, 1.4 and 7.0 • 10 4, 1.4 and  2.8 • 10-3M) were appl ied 
when  the  f irs t  t rue  leaf was ap p ro x i ma t e l y  5 cm in dia- 
meter .  The in te rac t ion  of MATB (7.0 • 10-*M) and  GA 3 
(1.4 • 10-aM) at  s a tu ra t ing  doses was also establ ished.  
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