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k inase  a n d  t h e  presence  of Mg 2+ d e p e n d e n t  A T P a s e  5 were 
made.  An  a l iquo t  of t he  p r e p a r a t i o n s  was used  to  measu re  
p r o t e i n  c o n t e n t  s a n d  r a d i o a c t i v i t y  was m e a s u r e d  in a 
B e c k m a n  LS-100 l iquid  sc in t i l l a t ion  counter .  

The  same  e x p e r i m e n t  f rom g r o w t h  of Saccharomyces to  
m e m b r a n e  i so la t ion  was repea ted ,  excep t  t h a t  cells were 
g rown  in t he  presence  of 3epo 4 (105 cpm/ml )  to  labe l  t h e  
l ipid phase  a n d  col lected a f te r  90 ra in  of i n c u b a t i o n  (in t he  
f i rs t  synch ron ized  d iv i s ion  cycle). I so la t ed  m e m b r a n e s  
were e x t r a c t e d  3 t imes  w i t h  ch lo ro fo rm-me thano l ,  2:17, 
a n d  t he  e x t r a c t s  were a s sayed  for  l ip id  e x t r a c t a b l e  
p h o s p h o r u s  8 a n d  for r a d i o a c t i v i t y  in  D 4 7  Nuclear  
Chicago flow counter .  

The  F igure  shows t h e  g r o w t h  cu rve  of a s y n c h r o n o u s  
cu l tu re  a n d  t he  Tab le  gives ave rage  d a t a  f rom 3 exper i -  
men t s .  I t  is e v i d e n t  t h a t  t h e  specific r a d i o a c t i v i t y  for 
b o t h  leucine-3H a n d  32pO 4 of m e m b r a n e s  f rom buds  a n d  
p a r e n t  cells s epa ra t ed  b y  s u c r o s e . ~ a d i e n t  c en t r i f uga t i on  
is a b o u t  ha l f  t h a t  of cells p r e s e n t  in  t he  inoculum.  This  
fac t  suggests  t h a t  m a c r o m o l e c u l e s ' p r e s e n t  in  t he  m e m -  
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Growth curve of synchronous cultures of Saccharomyces cerevisiae. 
CS, cell separation was determined by particle count in haemocyto- 
meters ; ND, nuclear division was determined by HARTWELL 9, modifi- 
cation of the technique by ROBINOW and MARAK; BI, budding was 
determined by visual inspection in phase-contrast microscope. 

b r a n e s  of i nocu lum cells are r a n d o m l y  d i lu ted  b o t h  in 
p a r e n t  cells a n d  buds .  The  resu l t s  g iven  in t i le Tab le  
(ob ta ined  b y  fol lowing t he  change  of specific r a d i o a c t i v i t y  
in  m e m b r a n e s  pur i f ied  f rom b u d s  a n d  m a t u r e  cells a t  t he  
i nd i ca t ed  t imes)  also show t h a t  t he re  is no  di f ference i n  
m a t u r e  cells a n d  buds  in r a t e  of m e m b r a n e  growth .  

F u r t h e r ,  t he  b e h a v i o u r  of t he  change  r a t e  of specific 
a c t i v i t y  in  b u d s  a n d  m a t u r e  ceils excludes  t he  poss ib i l i ty  
t h a t  w h a t  is t r a n s f e r r e d  f rom p a r e n t  ceils to  newly  
fo rming  buds  is a pool  of m e m b r a n e  subun i t s .  The  experi-  
m e n t s  in  wh ich  ceils were i n c u b a t e d  in  t he  presence  of 
32po,  show t h a t  m e m b r a n e  l ip id  syn thes i s  fol lowed t he  
same p a t t e r n  (i.e. t h e  d i lu t ion  p a t t e r n )  as m e m b r a n e  
p ro t e in  synthes is .  The  fac t  t h a t  t he  d i lu t ion  effect  is 
obse rved  for b o t h  p ro t e in  a n d  l ip id  synthes is ,  s t rong ly  
suggests  t h a t  all  t h e  c o m p o n e n t s  of Saccharomyces m e m -  
b r a n e s  follow the  same  d i lu t ion  p a t t e r n  d u r i n g  cell d ivi -  
sion. 

Riassunto. Cellule di Saccharomyces cerevisiae v e n i v a n o  
co l t iva te  in  b rodo  c e n t e n e n t e  L-Leucina-3H o 3~po ~ rac-  
col te  in  fase log e qu ind i  co l t iva te  in modo  s incrono  in 
n u o v o  t e r r eno  pr ivo  di radioisotopi .  Le cellule e le g e m m e  
v e n i v a n o  sepa ra t e  pe r  c en t r i f ugaz ione  su g r ad i en t e  di  
saccarosio,  qu ind i  si i so lavano  .le m e m b r a n e .  La  radio-  
a t t i v i t ~  specif ica hel le  m e m b r a n e  pur i f i ca te  r i s u l t a v a  
circa il 50% di  quel la  p re sen te  i n i z i a lmen te  nelle cellule 
usa te  pe r  la co l tu ra  s incronizza ta .  
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S T U D I O R U M  P R O G R E S S U S  

Loca l i za t ion  of Ions  in Cel ls  of Potamogeton lucens 

D e t e r m i n a t i o n  of ion c o n t e n t  in  va r ious  organel les  a n d  
t he  r e l a t ive  d i s t r i b u t i o n  of ions w i t h i n  va r ious  cell- 
c o m p a r t m e n t s  is of g rea t  i n t e r e s t  to  biologis ts  a n d  ha s  
been  t h e  topic  of n u m e r o u s  inves t iga t ions  (ARNOLD2; 

ARISZ 9 ; OSMOND 4 ; OSMOND et  al. 5, LXUCHLI a n d  SCHWAN- 
DER 6, ZIEGLER a n d  LOTTGE 7, LXUCHLI a n d  L/21TTGE 8, 
JENNINGS9-11,  LARKUM12, ~X~OBtg L18, WAISEL e t  al .  14, 
WAISEL a n d  EsI~El, 15, etc.) U n d e s t a n d i n g  of physio logica l  
p h e n o m e n a  l ike t he  ionic r e q u i r e m e n t s  for e n z y m e  ac t iv i ty ,  
i n to  osmot ic  a d a p t a t i o n  of cells, i n to  s y m p l a s t  t r a n s p o r t  
etc., d e p e n d  v e r y  m u c h  on  ver i f i ca t ion  of t he  exac t  
c o n t e n t  of ions a t  t he  s i te  of opera t ion .  Thus ,  such  in fo rma-  
t ion  is of g rea t  s ignif icance for t he  s t u d y  of va r ious  pro-  
cesses wh ich  t a k e  place  w i t h i n  t h e  cells. 

However ,  in  sp i te  of t he  use of severa l  me thods ,  i.e. 
a u t o r a d i o g r a p h y ,  specific dyes, e lec t ron  microscopy,  etc. 
(cf. JENSEN 18 ; Lf)TTGE 17, 18, LXUCHL119, 20 ; VAN STEVtgN- 
INCK a n d  CHENOWETH 21 etc.), t h e  precise local iza t ion  a n d  
c o n t e n t  of ions in  subce l lu la r  c o m p a r t m e n t s  r e m a i n s  a 
m a t t e r  of specula t ion .  

L .  1 

C o m p a r t m e n t a l  ana lys is  h a d  c o n t r i b u t e d  a g rea t  deal  
to  a b e t t e r  e s t i m a t i o n  of ion c o n t e n t  inside va r ious  sub-  
cel lular  c o m p a r t m e n t s .  Never the less ,  be ing  based  on  
ce r t a in  u n m e a s u r a b l e  e s t i m a t e d  values,  i ts  resul t s  are  
sti l l  open  to cr i t ic ism. 

The  r ecen t  app l i ca t ion  of X - r a y  mic roana lys i s  to  
biological  m a t e r i a l  p rov ides  a b e t t e r  tool  for  d e t e r m i n a t i o n  
of ion d i s t r i b u t i o n  w i t h i n  cells, a n d  offers a d i rec t  m e t h o d  
for loca l iza t ion  of m o s t  of t h e m  in some subce l lu la r  
c o m p a r t m e n t s .  

A s tock  of _Potamogelon lucern p l a n t s  was  g rown ou tdoors  
for  severa l  m o n t h s  in t a p  wate r .  Leaves  a n d  b r a n c h e s  
were d e t a c h e d  f rom those  m o t h e r  p l a n t s  and  t r a n s f e r r e d  
in to  t ap  w a t e r  to  wh ich  100 m M  NaC1 were added.  Tile 
m a t e r i a l  was  k e p t  t he re  for 24 h u n d e r  c o n t i n u o u s  l igh t  
and  con t ro l l ed  t e m p e r a t u r e  (27 ~ J= 2 ~ Fol lowing such  a 
per iod  of a d j u s t m e n t ,  samples  of 1 cm ~ each  were t a k e n  
f rom the  m i d r i b  region of m a t u r e  leaves  for e x a m i n a t i o n .  
The  samples  were p laced  on t o p  of a cold ( - -70~ 
m i c r o t o m e  block-holder .  Dis t i l led  w a t e r  were used f o r  
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e m b e d d i n g  a n d  t h e  b l o c k s  we re  f r o z e n  w i t h i n  a f ew  sec. 
T h e  b l o c k s  w e r e  t h e n  s e c t i o n e d  in  a c r y o s t a t  ( - - 2 5 ~  
T h e  f r o z e n  c r o s s - s e c t i o n s  w e r e  p l a c e d  o n  co ld  ( - - 2 5 ~  
a l u m i n i u m  p l a t e s  w h i c h  w e r e  p r e v i o u s l y  c o a t e d  w i t h  a 
t h i n  l a y e r  of  s i l i cone  g rease .  T h e  m o u n t e d  s e c t i o n s  w e r e  
t h e n  d r i ed  o v e r n i g h t  u n d e r  v a c u u m  (10 -a T o r t ) ,  in  a 
l yoph i l i z e r .  S t r i c t  c a r e  w a s  t a k e n  to  k e e p  t h e  m a t e r i a l  
d e e p l y  f r o z e n  t h r o u g h o u t  t h e  p r o c e d u r e .  F o l l o w i n g  
d e h y d r a t i o n ,  t h e  s e c t i o n s  w e r e  c o a t e d  w i t h  c a r b o n ,  a n d  
t h e n  w i t h  g o l d - p a l l a d i u m  (60 : 40). D i s t r i b u t i o n  of  c a l c i u m ,  
p o t a s s i u m ,  s o d i u m ,  c h l o r i d e  a n d  m a g n e s i u m  w a s  d e t e r -  
m i n e d  w i t h  a J eo l co  m o d i f i e d  ] X A - 3 A  X - r a y  m i c r o -  
a n a l y z e r .  A n  a c c e l e r a t i o n  v o l t a g e  of 15 K e V  a n d  s a m p l e  
c u r r e n t  of  a p p r o x i m a t e l y  0.3 • 10 -7 A, we re  u s e d .  B e a m  
d i a m e t e r  w a s  a p p r o x i m a t e l y  0.5 [xm or  lower .  T h e  s p a t i a l  
r e s o l u t i o n  of t h e  X - r a y  s i g n a l s  w a s  e s t i m a t e d  to  be  I ~xm 
b y  m e a s u r i n g  t h e  d i s t a n c e  b e t w e e n  a p e a k  a n d  a n  
a d j a c e n t  d e e p  a l o n g  a l ine  prof i le .  Kc~ r a d i a t i o n s  of e a c h  of  
t h e  e l e m e n t s  w e r e  e x a m i n e d .  S o d i u m  a n d  m a g n e s i u m  
were  a n a l y z e d  w i t h  a K A P  c r y s t a l ,  c h l o r i d e  w i t h  a m i c a  
c r y s t a l ,  a n d  p o t a s s i u m  a n d  c a l c i u m  w e r e  a n a l y z e d  w i t h  a 
q u a r t z  c r y s t a l .  T h e  b a c k g r o u n d  l eve l s  w e r e  d e t e r m i n e d  
b y  l o w e r i n g  t h e  s p e c t r o m e t e r  1 ~ off  t h e  spec i f i c  B r a g g ' s  
ang le .  T h i s  g i v e s  a n  o v e r - e s t i m a t i o n  of  t h e  b a c k g r o u n d  a t  
t h e  p e a k  a n d  is  t h u s  sa fe  fo r  e s t i m a t i o n  of  n e t  spec i f i c  
s i g n a l  leve ls .  I t  w a s  c h e c k e d  b e f o r e  for  t h e  a b s e n c e  of 
a n y  spec i f i c  r a d i a t i o n  a t  t h a t  ang le .  

T o t a l  i n o r g a n i c  a n a l y s i s  of  P .  lucens c h l o r o p l a s t s  in  t h e i r  
n a t u r a l  p o s i t i o n  w i t h i n  cel ls  w a s  e x e c u t e d  b y  f i x i n g  a n  
e l e c t r o n  b e a m  of 25 K e V  o n  o n e  c h l o r o p l a s t  a t  a t i m e .  
C h e c k i n g  for  t h e  p r e s e n c e  of  e l e m e n t s  f r o m  a t o m i c  No .  6 
to  a t o m i c  No .  92 w a s  d o n e  b y  t u r n i n g  t h e  s p e c t r o m e t e r  
a l o n g  i t s  e n t i r e  r a n g e .  

D i s t r i b u t i o n  p a t t e r n s  of  s o d i u m ,  ch lo r ide ,  p o t a s s i u m ,  
c a l c i u m  a n d  m a g n e s i u m  were  fo l l owed  w i t h i n  15 cel ls  of  
P.  lucens. R e s u l t s  of  3 r e p r e s e n t a t i v e  cel ls  a re  p r e s e n t e d  
in  F i g u r e  3. 

A t  t h e  p r e s e n t  s t a t e  of  r e s o l u t i o n ,  t h e  b o r d e r s  b e t w e e n  
v a r i o u s  s u b c e l l u l a r  s t r u c t u r e s  we re  n o t  s h a r p l y  d i s t i n c t  
a n d  c e r t a i n l y  s o m e  o v e r l a p p i n g  o f  t h e  X - r a y  s i g n a l s  
o c c u r r e d .  T h r e e  c o m p a r t m e n t s  c o u l d  be  d i s t i n g u i s h e d  in  
t h e  cel ls  e x a m i n e d ,  i.e. t h e  cell  wa l l ,  t h e  c h l o r o p l a s t s  
( i n c l u d i n g  t h e  e m b e d d i n g  c y t o p l a s m )  a n d  t h e  v a c u o l e  
( F i g u r e s  1 a n d  2). T h e  f i r s t  t w o  c o n s t i t u e n t s  we re  c l e a r l y  
s e e n  in  t h e  s e c o n d a r y  e l e c t r o n  i m a g e  of  t h e  m i c r o p r o b e ,  

Fig. 2. Secondary electron image of one of the examined cells of 
Potamogeton lucens. • 700. Cell C of Figure 3. The arrow points to 
the analyzed site. 

Fig. 1. A cross section of a leaf of Potamogeton lucens in the mid-rib 
region (upper; • 135) and one enlarged sheath cell (lower; x 1350) as 
seen in the light-microscope after staining with neutral-red, e.w., 
cell wall; chlor, chloroplast; vae, vacuole. 
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Fig. 3. Secondary electi'on images of 
sections of 3 leaf-cells (a, b, c; • 2750) 
showing a cross section through the 
cell-wall, cytoplasm, chloroplasts, vac- 
uole, and iine profiIes for Sodium (Na), 
potassium (K), calcium (Ca), magne- 
sium (Mg) and chloride (C1) across the 
horizontal line. 
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whereas  t h e  site of t he  vacuole  was d e t e r m i n e d  b y  t he  
l ightmicroscope .  

Cells were no t  un i f o r m  regard ing  ion local izat ion.  The  
l ine profi le  o b t a i n e d  for sod ium h a d  a c o n s t a n t  level  
across all  3 c o m p a r t m e n t s  ill 1 group of cells (Figures 3 a 
a n d  c), whereas  in  a n o t h e r  group of cells (Figure 3b) i t  
was h igh  m a i n l y  in t h e  cell-wall  a n d  ch lo rop las t  f ract ions .  

The  l ine profi le  for p o t a s s i u m  was e i the r  of t he  same  
level  w i th in  t he  whole  cell (Figures 3 a and  b), or h igher  in 
t he  cell-wall a n d  vacuole  t h a n  in t he  ch loroplas t s  (Figure 
3 c). L ine  scans  of m a g n e s i u m  and  ca lc ium differed in t h e i r  
profile.  

The  s ignals  for ca lc ium were always more  in t ens ive  in 
t he  ch loroplas t s  (Figures 3a, b a n d  c). I n  some cells 
ca lc ium h a d  a re la t ive ly  in t ens ive  s ignal  in  t he  cell-wall 
(Figures  3b  and  c), whereas  in o thers  the  l ine scan  h a d  t he  
same level  in  all  3 c o m p a r t m e n t s ,  i.e. in  t he  cell-wall, t he  
ch lorop las t s  a n d  t he  vacuole  (Figure 3c). M a g n e s i u m  
appea red  in all  3 cell c o m p a r t m e n t s  b u t  m o s t  in t ens ive  
s ignals  were o b t a i n e d  inside t he  chloroplas ts .  H i g h  s ignals  
were recorded in t he  cell-wall  f r ac t ion  as well  as inside t he  
vacuole.  

Line  scans  o b t a i n e d  for chlor ide a lways  y ie lded h igher  
s ignals  in t he  vacuole  t h a n  in a n y  o the r  c o m p a r t m e n t  of 
t he  celts. 

To ta l  ch loroplas t s  ana lys is  i n d i c a t e d  t h a t  on ly  sod ium 
po tass ium,  calc ium,  magnes ium,  and  sulfur  y ie lded 
a p p a r e n t  signals.  Chlor ide c o n t e n t  of t he  ch lo rop las t  was 
low a n d  a p p r o a c h e d  t he  lower l imi t s  of d e t e c t a b i l i t y  of 
the  microprobe .  

A q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t he  obse rved  scans  is 
st i l l  d i f f icul t  a t  t h e  m o m e n t  and  suffers f rom severa l  
l imi ta t ions .  Dr ied  sec t ions  m a d e  of p l a n t  t i ssues  are no t  
homogenous  and  v a r y  in t opog r aphy ,  compos i t i on  a n d  
ion con ten t .  U n d e r  t h e  cond i t ions  used (15 KeV) t h e y  are 
p a r t i a l l y  ' t r a n s p a r e n t '  to  t h e  beam.  Thus ,  such  m a t e r i a l  
c a n n o t  r e n d e r  to  q u a n t i t a t i v e  correc t ions  wh ich  h a v e  
been  used in t he  analyses  of un i f o r m  meta l lu rg ica l  or 
geological f l a t  samples ,  of k n o w n  compos i t ion  a n d  dens i t y  
(cf. HALL2~-). Consider ing  t h e  va r ious  m e t h o d s  ava i l ab le  
for loca l iza t ion  of ions in biological  t issues,  we are inc l ined  
to  bel ieve t h a t  resul t s  o b t a i n e d  for  f rozen-dr ied  sect ions  
b y  x - ray  mic roana lys i s  are  t h e  closet  to  t he  ac tua l  s i tua-  
t i on  in t he  u n d i s t u r b e d  t issue.  O the r  a d v a n t a g e s  of th i s  
m e t h o d  are t h a t  severa l  ions Can be  d i rec t ly  m e a s u r e d  on  
exac t ly  t he  same si tes a n d  ana lyses  can  be  repea ted .  

The  biological  m e a n i n g  of t h e  d a t a  o b t a i n e d  also needs  
some clarif icat ion.  Loca l iza t ion  of ions w i t h i n  t he  cell-wall  
m a y  resu l t  e i the r  f rom t h e i r  inc lus ion  a m o n g  t h e  cons t i t -  
uen t s  of t he  wal l  (e.g. ca lc ium in t h e  midd le  lamellae)  or 
f rom the  fac t  t h a t  t he  free space resides a t  t he  cell-wall. 
Signals  o b t a i n e d  can  t h u s  be  a t t r i b u t e d  to  b o t h  sources. 

A n o t h e r  d i f f icu l ty  is con f ron t ed  in  t h e  ana lys i s  of t he  
chloroplas ts .  As p rev ious ly  noted ,  ch lo rop las t s  in  t h e i r  
n a t u r a l  pos i t ion  inside t he  cell are e m b e d d e d  in  t h e  cyto-  
p lasm.  A clear  d i s t inc t ion  be t w een  those  two cell com- 
p a r t m e n t s  is the re fore  impossible ,  unless  a cross sec t ion  
t h r o u g h  t h e  ch lo rop las t  is ob ta ined .  Analyses  of chloro-  
p las t s  t h u s  r ep re sen t  m a i n l y  t he  c o n s t i t u e n t s  of t he  chloro-  
p las t s  themselves ,  b u t  s ignals  c a n n o t  be  free of con t ami -  
n a t i o n  of va r ious  c y t o p l a s m a t i c  inclusions.  

D i s t r i b u t i o n  of sod ium in va r ious  ceils of t h e  s u b m e r g e d  
w a t e r  p l a n t  Potamogeton lucens was uneven .  Never the less ,  
i t  is i m p o r t a n t  to  no te  t h a t  in  all cases examined ,  h i g h  
s ignals  were o b t a i n e d  in t h  e cy top lasm.  Genera l ly  i t  was  
a s sumed  t h a t  in  t e r re s t r i a l  h a l o p h y t e  t i ssues  sod ium is 
mos t ly  c o n c e n t r a t e d  in t he  cavuole  (STocKER 23, WALTER 
and STEINER24, STEINER~5, ADRIANI~S, JENNINGS~-ll 
etc.). I t  was  also sugges ted  t h a t  sod ium should  be  found  in 
re la t ive ly  low concen t r a t i ons  in  t he  c y t o p l a s m  of succu len t  

h a l o p h y t e s  (JE~I~INGSg-n). However ,  us ing  t h e  micro-  
probe,  WAISEL and  ESHEL15 showed t h a t  t h e  c y t o p l a s m  
of mesophy l l  cells of t he  h a l o p h y t e  Suaeda monoica 
yielded h igher  s ignals  for sod ium t h a n  t he  vacuoles .  The  
d a t a  for  Potamogeton are t h u s  t he  second case where  
sod ium was shown  to  reside in t he  cy top lasm.  I n s p i t e  of 
t he  ecological differences,  s imi la r  p a t t e r n s  of d i s t r i bu t i on  
of sod ium were observed,  in  t he  cells of t he  h a l o p h y t e  
Suaeda monoica and  t h e  s u b m e r g e d  w a t e r  p lan t ,  P. lucens. 
Such  a d i s t r i b u t i o n  of sod ium m i g h t  t h u s  be  of a general  
nature. 

Calcium ions were reported as being located in the 
cell-wall, in the cytoplasm and in the vacuole (BmGGS 
et  al. 2v, WINTER 88, SUTCLIFFE 29, DAINTY a~ LARKUM 12, 
NOBEL 13 etc.). However ,  p rac t i ca l ly  no i n fo rma t ion  
concern ing  t he  re la t ive  d i s t r i b u t i o n  of ca lc ium a m o n g  
those  c o m p a r t m e n t s  was  avai lable .  

Potamogeton lucens is k n o w n  to a b s o r b  and  ass imi la te  
b i c a r b o n a t e  ions f rom the  water .  The  c o n c o m i t a n t  
p r ec ip i t a t i on  of ca lc ium c a r b o n a t e  on t he  ou te r  surface 
of t he  leaves  was well  descr ibed (cf. SCULTHROPE81). I n  
v iew of the  p r e sen t  da ta ,  where  h i g h  s ignals  for  ca lc ium 
were o b t a i n e d  inside t he  cell s, lit seems t h a t  ca lc ium is also 
a c c u m u l a t e d  no t  on ly  on  t h e  ou te r  surface o5 the  leaves  of 
Potamogeton b u t  also ins ide  ~he cells a n d  pa r t i cu l a r ly  in  
t he  chloroplas ts .  

D i s t r i b u t i o n  of p o t a s s i u m  inside p l a n t  cells is also an  
unc lea r  case. P t o a s s i u m  was usua l ly  be l ieved to be con- 
c e n t r a t e d  e i the r  in t he  ch lorop las t s  and  cy top lasm,  or in  
t he  vacuoles,  where  i t  plays: a n i m p o r t a n t  role in  t h e  cells '  
osmot ic  regula• (BERNSTEIN a2,33, DAINTY 30, SPANSWICK 
and  WILLIAMS34, SLATYE R35, LARKUM 12, JENNINGSl~ 
LATInS36, WAISEL and  ES~EL x~ etc.). Resu l t s  o b t a i n e d  for 
Potamogeton in our  e x p e r i m e n t s  were no t  uni form.  Signals  
for p o t a s s i u m  were even  across t he  cells of 1 g roup  of cells, 
whereas  in o the r  cells t h e y  were h ighe r  in t he  vacuole  and  
cell-wall  ( =  f r ee  space) f ract ions .  I t  is s t i l l  u n k n o w n  
w h e t h e r  such d i s t r i b u t i o n  depefids on cell types  o r  on  t he  
cells physiological  condi t ions .  

Very  l i t t l e  is k n o w n  regard ing  local iza t ion  of ch lor ide  
inside t i ssues  or cells. Di f fe ren t  p a t t e r n s  of d i s t r i bu t i on  o5 
chlor ide  were r epo r t ed  b y  var ious  inves t iga tors .  Accord-  
ing to  some of t h e m ,  chlor ide  is c o n c e n t r a t e d  in t he  cyto-  
p l a sm as well  as in  t he  vacuole  o5 var ious  p lant -ce l l s  
(EPSTEIN 87, BRIGGS et  a l .~ ,  DAINTY 3~ I-IoDoES and  
VAADIA 82, LARKUMI~, etc.). S u p p o r t  for th i s  a s s u m p t i o n  
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was o b t a i n e d  also f rom t he  s u b m e r g e d  w a t e r  p l a n t  
Vallisneria spiralis (ARISZ a n d  SOL89). A c c u m u l a t i o n  of 
ch lor ide  in t he  c y t o p l a s m  as well  as in t he  vacuole  was 
also r epo r t ed  for Nitella translucens (MAcRoBBIE4~ 
High  chlor ide  c o n c e n t r a t i o n s  were also p o s t u l a t e d  b y  
MACROBBIE 4~ for t he  ch lorop las t s  of Nitella translucens. 
O t h e r  r epor t s  c la imed  t h a t  ill cells of h a l o p h y t e s  t he  
c y t o p l a s m  was r i c h  in chlor ide  and  t h a t  chlor ide  was 
m a i n t a i n e d  the re  as free ions (ARNOLD 2; OS~aONI) et  al. 5). 

Chloride d i s t r i b u t i o n  in Potamogeton lucens did no t  
agree  comple t e ly  w i t h  e i the r  of t he  p rev ious ly  r epo r t ed  
a s sumpt ions .  I n  leaf-cells of Potamogeton t h e  h ighes t  
s ignals  for ch lor ide  a lways  appea red  e i the r  in  t he  vacuole  
or t he  cell wal l  (free space) f rac t ion.  Only  v e r y  low signals  
of chlor ide  were de t ec t ed  in t he  chloroplas ts ,  a n d  t he  
c o n n e c t i o n  b e t w e e n  chlor ide  u p t a k e  a n d  e lec t ron  t r a n s p o r t  
in  those  ch lorop las t s  would  t h u s  be  ques t ionab le .  

I n  s u m m a r y ,  i t  is ev i den t  t h a t  i n d i v i d u a l  cells of 
Potamogeton v a r y  in t he i r  c o n t e n t  as well  as in  t h e i r  ion 
d i s t r ibu t ion ,  Thus ,  a n  i nves t i ga t i on  in to  t he  loca l iza t ion  
of ions inside subce l lu la r  organel les  of p l a n t s  m u s t  
cons ider  diff icul t ies  ar iz ing  f rom t echn ica l  l imi ta t ions ,  as 
well  as f rom the  h igh  v a r i a b i l i t y  a m o n g  ceils, a n d  tissues.  

Zusammen/assung.  Die Ver t e i lung  yon  N a t r i u m ,  Ka l ium,  
Kalz ium,  M a g n e s i u m  u n d  Chlor  wurde  in Mesophyl l -  
zellen de r  Bl~itter yon  Potamogelon lucens m i t  Hilfe  de r  
R 6 n t g e n - M i k r o s o n d e  u n t e r s u c h t .  Die  B la t t ze l l en  dieses 
Wasse rp f l anze  va r i i e r t en  be t r / i ch t l i ch  in bezug  auf  Menge 
u n d  Ver t e i lung  der  Ionen.  I n  den  me i s t en  Zellen w u r d e n  
im C y t o p l a s m a  u n d  in den  Ch lo rop la s t en  hohe  W e r t e  ftir 
N a t r i u m  u n d  n iedr ige  fiir Chlor  b e o b a c h t e t .  I n  den  
V a k u o l e n  w u r d e n  fiir s~Lmtliche u n t e r s u c h t e n  I o n e n  
hohe  W e r t e  gefunden.  
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C O G I T A T I O N E S  

Molecu lar  Orbi ta l  S tu d ie s  on the C o n f o r m a t i o n s  

I n  a p rev ious  s t u d y  we r epo r t ed  molecu la r  o rb i t a l  
ca lcu la t ions  of t h e  p r e f ~ r e d  c o n f o r m a t i o n  of 7 -amino-  
b u t y r i c  acid (@AB#) and  musc imol  (I) 2. T h a t  s t u d y  pre-  
d ic ted  a n  e x t e n d e d  cha in  for t h e  G A B A  zwi t t e r ion  w i t h  
free r o t a t i o n  for t he  c a r b o x y l a t e  group.  Tile d i s t ance  
s e p a r a t i n g  t he  o n i u m  group  f rom one c a r b o x y l a t e  oxygen  
r a n g e d  f rom 5 to  6 A. This  was  p o s t u l a t e d  to  be a cr i t ica l  
p a t t e r n  or  p h a r m a c o p h o r e  for  G A B A  ac t iv i ty .  I n  t he  same  
s t u d y  t he  G A B A  agonis t  musc imol  (I) was  p red ic t ed  to  

O ~ / , ~ .  /CH 2 �9 

N--0 

0) 
prefer  a c o n f o r m a t i o n  in which  ti le side cha in  is cop lane r  
w i t h  t he  r ing  a n d  b e n t  t o w a r d  t he  r ing  oxygen  a tom.  The  
d i s t ance  s e p a r a t i n g  t he  exocyclic  r ing  a n d  o n i u m  group  
was p red ic t ed  to  be  5.8 A, in  good a g r e e m e n t  w i t h  our  
p o s t u l a t e d  G A B A  p h a r m a c o p h o r e  2. 

A recen t  s t u d y  of t h e  c rys t a l  c o n f o r m a t i o n  of G A B A  has  
been  r epo r t ed  us ing  X - r a y  ana lys i s  3. Th i s  s t u d y  repor t s  a 
folded molecule  w i t h  t he  on ium g roup-oxygen  s e p a r a t i o n  
4.5 ~- or less. 

A n  X - r a y  ana lys i s  of t he  musc imo l  c rys t a l  reveals  t h a t  
t he  side cha in  is b e n t  t o w a r d  t he  r ing  oxygen  a t o m  b u t  is 
60 ~ ou t  of t h e  r ing  p l ane  ~. T he  exocyclic  oxygen  to  o n i u m  
group  d i s t ance  was found  to be  5.77 A, in  exce l len t  agree- 
m e n t  w i t h  our  pred ic t ion .  

E x p e r i m e n t a l  s u p p o r t  for our  p roposed  G A B A  p h a r m a -  
cophore  comes f rom evidence  t h a t  4 -amino  -2 -bu tyno ic  
acid is a G A B A  agonis t  5. A s s u m i n g  t h a t  th i s  r ig id  
molecule  exis ts  in  so lu t ion  as a zwi t te r ion ,  t h e  s e p a r a t i o n  
of t h e  o n i u m  group  f rom a c a r b o x y l a t e  oxygen  a t o m  is 
f ixed b e t w e e n  5.2 a n d  5.8/k,  in  good a g r e e m e n t  w i t h  our  
p o s t u l a t e d  G A B A  p h a r m a c o p h o r e .  

I n  a n  effor t  to  f u r t h e r  e x a m i n e  t h e  va l i d i t y  of our  G A B A  
h y p o t h e s s  we h a v e  pe r i fo rmed  ca lcu la t ions  on t h e  G A B A  
agonis t  f l -hydroxy  G A B A  ~ and  t he  G A B A  c o m p e t i t i v e  

of B icucu l l ine  and ~ - H y d r o x y  G A B A  1 

an togonis t ,  b icucul l ine  ( I I )  7 A poss ible  r ecep to r  equiv-  
alence has  been  specu la ted  upon  in wh ich  t he  c a r b o n y l  

0H, 

~O--C~H 

CHfO 

(H) 

oxygen  to o n i u m  group  d i s t ance  in b icucul l ine  m a y  be  
c o m p a r a b l e  to  t h e  co r re spond ing  s t r u c t u r a l  f ea tu res  in  
G A B A  7. 

The  ca lcu la t ions  were pe r fo rmed  us ing  e x t e n d e d  H u c k e l  
t h e o r y  s w i t h  p a r a m e t e r s  p rev ious ly  e m p l o y e d  ~. The  
d imens ions  used were t h e  s t a n d a r d  b o n d  l eng ths  a n d  
angles  p roposed  for  M.O. ca lcu la t ions  a n d  used ex tens ive ly  
b y  us 1~ A n g u l a r  i n c r e m e n t s  of 30 ~ were used. 
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