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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  
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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  
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~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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Fig. 1. Calculated energy vs. angle contour map for ~-hydroxy 
GABA. The figure shows the relationships for the carboxylate 
rotation, 0 col-c r and the ~ and fi carbon relationship, 0 %-ed. 
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Fig. 2. Calculated energy vs. angle plot for the ring juncture bond in 
bicucuiline. The dashed line is the energy for the protondactone 
brans-isomer. The solid line is the energy for the proton-lactone cis- 
isomer. 

The  resu l t s  of t he  ca lcu la t ions  on f l -hydroxy  G A B A  
revea led  two e q u i v a l e n t  c o n f o r m a t i o n a l  preferences ,  
F igure  1. The  f i rs t  c o n f o r m a t i o n  f inds  t he  molecule  in  a n  
all  t r a n s  c o n f o r m a t i o n  (0 %-cp  = 180 ~ a n d  t he  ca rbox-  
y l a t e  group free to  r o t a t e  (0 co s --  c~ = 0 ~ --  180~ The  
second c o n f o r m a t i o n  is t h a t  in  which  t h e  C~-Cp b o n d  is 
gauche  (0 ca --  cp = 300 ~ w i t h  t he  h y d r o x y l  group close 
to  t h e  ca rboxy l a t e  group.  The  c a r b o x y l a t e  g roup  is 
inc l ined  t o w a r d  t he  h y d r o x y l  group in a single confo rma-  
t i on  (0 Co 2 --  Ca = 120~ Th i s  h y d r o x y l - c a r b o x y l a t e  
p r o x i m i t y  way  well  be  due to h y d r o g e n  bond ing .  This  
second preference  resembles  t he  fo lded c o n f o r m a t i o n  
found  for  t he  G A B A  crys ta l  3. I n  t h e  t r a n s  c o n f o r m a t i o n  
t he  o n i u m  to  c a r b o x y l a t e  oxygen  d i s t ance  is iden t i ca l  to  
t h a t  f ound  for GABA,  5-6  A d e p e n d i n g  u p o n  t he  ca rbox-  
y la t e  oxygen  cons idered  n .  

The  ca lcu la t ions  on  b icucul l ine  were m a d e  on t h e  
p r o t o n a t e d  molecule.  The  conf igura t ion  used was t h a t  
de r ived  b y  N M R  analysis ,  F igure  2. The re  r em a i ns  t h e  
a m b i g u i t y  of t he  pos i t ion  of the  p r o t o n  on  t he  n i t r ogen  
a tom.  I t  was  necessary  to pe r f o r m  ca lcu la t ions  in  wh ich  
t he  p r o t o n  was  cis a n d  trans to  t he  l ac tone  ring. The  
ca lcu la ted  p re fe r red  c o n f o r m a t i o n  occurs  w h e n  t he  proton 
is cis to  t he  l ac tone  r ing  a n d  w i t h  the  d ihed ra l  ang le  
b e t w e e n  t he  a r o m a t i c  r ings  90 ~ as shown  in (II) and.  
F igu re  2. I n  th i s  confo rmat ion ,  t he  o n i u m  group to car-  

b o n y l  oxygen  a t o m  is a b o u t  5.6 /k. If  we assume t h a t  
these  fea tu res  are t he  r ecep to r  equ iva l en t s  of t he  on ium 
group a n d  ca rboxy l a t e  oxygen  in GABA,  t h e n  i t  is 
appa ren t ,  t h a t  b icucu l l ine  possesses s t r u c t u r a l  f ea tu res  
a n d  d imens ions  wh ich  could i m p a r t  r ecep to r  a c t i v i t y  to  
i t  as a compe t i t i ve  an tagon i s t .  

The  resul t s  of these  ca lcu la t ions  s u p p o r t  our  G A B A  
p h a r m a c o p h o r e  hypo thes i s  3. 

Zusammen/assung. Mit  Hilfe  der  MO-Theor ie  w u r d e n  
b e v o r z u g t e  K o n f o r m a t i o n e n  fiir den  G A B A  Agonis ten  
f l - H y d r o x y - G A B A  u n d  den  A n t a g o n i s t e n  Bicucul l in  
be rechne t .  In  be iden  Fgl len  e rgeben  sich fas t  gleiche 
A b s t ~ n d e  zwischen der  A m m o n i u m g r u p p e  u n d  dem 
Saue r s to f f a tom wie in der  e n t s p r e c h e n d e n  S t r u k t u r  von  
G A B A  selbst .  
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P R O  E X P E R I M E N T I  S 

Preparative Block Electrophoresis Using Sephadex G-25 

Consider ing t he  widespread  app l i ca t i on  of S e p h a d e x  
for p r e p a r a t i v e  gel-f i l t ra t ion,  i t  is s om ehow  surp r i s ing  
t h a t  so few a t t e m p t s  to  use th i s  m a t e r i a l  as s u p p o r t  
m e d i u m  for p r e p a r a t i v e  e lec t rophores i s  h a v e  been  report- 

ed 1-6. For  t h i s  purpose ,  S e p h a d e x  G-25 appea r s  to  be t he  
ideal  grade,  since i t  could  be  expec t ed  t h a t  m o s t  p ro te ins  
would  be  exc luded  f rom the  par t ic les ,  s e p a r a t i o n  be ing  
p r i m a r i l y  d e t e r m i n e d  b y  charge  alone, and  recovery  of 


