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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 
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p r o t e i n s  shou ld  be  e x t r e m e l y  s imp le .  N e v e r t h e l e s s ,  of  t h e  
6 a b o v e - m e n t i o n e d  r e p o r t s ,  o n l y  2 d e s c r i b e  m e t h o d s  
b a s e d  on  t h e  use  of  t h i s  S e p h a d e x  grade1-6 .  

R e c e n t l y  d e s c r i b e d  m e t h o d s  of  p r e p a r a t i v e  e l e c t r o p h o -  
res is  u s i n g  S e p h a d e x  t a k e  p l ace  in c o l u m n s ,  w i t h  t h e  con-  
s e q u e n t  p r o b l e m s  in  t h e  e l u t i o n  of  s e p a r a t e d  f r a c t i o n s  ~, e. 
T h e  p u r p o s e  of  t h e  p r e s e n t  r e p o r t  is t o  d e s c r i b e  a s i m p l e  
t e c h n i q u e  for  p r e p a r a t i v e  e l e c t r o p h o r e s i s  in  b locks  of  
S e p h a d e x  G-25 w h e r e  e l u t i o n  of  s e p a r a t e d  p r o t e i n s  is 
a c c o m p l i s h e d  b y  c u t t i n g  sl ices of  gel  a n d  p r e s s i n g  o u t  t h e  
p r o t e i n - c o n t a i n i n g  b u f f e r  in  a sy r inge .  R e c o v e r i e s  in t h i s  
m e t h o d  r a n g e  f r o m  60 to  100 % of  t h e  a p p l i e d  s amp le .  

Mater ia l  and methods. Sera  a n d  p u r i f i e d  p r o t e i n s .  T w o  
w h o l e  s e ra  were  s t u d i e d ,  one  f r o m  a n o r m a l  i n d i v i d u a l ,  
t h e  o t h e r  f r o m  a W a l d e n s t r o m ' s  m a c r o g l o b u l i n a e m i a  
p a t i e n t .  

T w i c e  c r y s t a l l i z e d  h u m a n  a l b u m i n  w a s  o b t a i n e d  f r o m  
F luka .  One  I g G  3 m o n o c l o n a l  p r o t e i n  w a s  i so l a t ed  b y  t h e  
m e t h o d  p r e v i o u s l y  d e s c r i b e d  7. A d i g e s t  o f  t h i s  p r o t e i n  
w a s  p r e p a r e d  u s i n g  p a p a i n  (S igma) .  T h e  e n z y m e  w a s  
a c t i v a t e d  b y  i n c u b a t i o n  a t  37 ~  w i t h  5 m M  d i t h i o e r y t h r i -  
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Fig. 2. Electrophoretic separation of a papain digest of a human 
IgG 3 protein. The separation profile was obtained by scanning the 
cellulose acetate imprint on a Joyee Chromosean. The vertical arrows 
point to the limits of the sample trough (0). The distance migrated 
by the fractions is shown by the scale. 3 fractions were cut according 
to the dashed lines, and ~mmbered from the anode. 

Fig. 1. Immunoelectrophoretic characterization of fractions separated 
by preparative electrophoresis from normal serum, The fractions 
correspond to 0.5 cm width gel slices, numbered from the anode, and 
anti-whole human serum was used to fill the troughs. 
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Fig. 3. Immunoelectrophoretic characterization of the fractions 
obtained by preparative electrophoresis of a papain digest of a 
human IgG 3 protein (see Figure 2). The following anti-sera were 
used: anti-whole IgG, able to react with Fab and Fc (G); anti-Fc 
from IgG (Fc), and anti-gamin% chains (G3). 
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Recovery studies on Sephadex G-25 preparative electrophoresis 

EXPERIENTI& 29/4 

Protein Quantity at start (mg) Quantity recovered (mg) Recovery (%) Volume recovered (mI) 
Biuret O.D. Biuret O.D. Biuret O.D. 

HSA 10.6 11.2 11.2 11.0 -- 98 2.5 

HSA 10.8 11.8 ~ 8.2 11.7 81 99 1.9 

H-IgG 3.5 4.2 2.1 2.8 60 65 2.1 

H-IgG 7.0 9.0 3.0 5.0 42 55 1.7 

Abbreviations: O.D., optical density (at 280 nm); HSA, human serum albumin; H-IgG, human IgG. Samples were applied as a mixture of 
0.3 ml of protein solution and about twice that volume of buffer-equilibrated Sephadex G-25. 

to l  du r ing  60 min,  a n d  added  to  t he  p r o t e i n  a t  a ra t io  of 
1 %  (w/w). Diges t ion  was al lowed to  proceed  for  4 h, a n d  
s topped  b y  a d d i n g  20 m M  iodoace tamide .  

Preparative electrophoresis. S e p h a d e x  G-25, m e d i u m  
grade, was  equ i l i b r a t ed  w i t h  ba rb i t a l -bo r i c  acid buffer ,  
pI-I 8.6 s, a n d  a f t e r  degassing,  p o u r e d  in to  s ta rch-ge l  
e Iec t rophores is  pe r spex  pla tes ,  18.5 •  ?<0.6 cm% The  
circui t  was  closed t h r o u g h  f i l ter  p a p e r  wicks  ( W h a t m a n n  
3MM) one of t he i r  ends  p laced  u n d e r n e a t h  t he  G-25 layer  
a n d  t he  o the r  d ipp ing  in to  t h e  t a n k  buffer .  The  t a n k s  
were filled buffer  iden t ica l  to  t h a t  used  for equ i l ib ra t ion  
of G-25. Af te r  pou r r i ng  t h e  gel s lur ry  in to  t he  t r ay ,  t h e  
power  supp ly  was swi tched  on  a t  20 m A  dur ing  5 to  10 
min,  in  order  to  o b t a i n  a r easonab le  degree of d ryness  of 
t he  gel. Af te r  th i s  p r e - r u n  period,  a t r a n s v e r s a l  t r o u g h  
was c a r v e d  a t  6 cm f rom t he  ca thod ic  end  of t h e  gel. 
A m i x t u r e  of 0.3 m l  of t h e  sample  to  be  s e p a r a t e d  
and  G-25 was used to fill t h e  t rough .  W h e n  a l b u m i n  
was p r e sen t  in  t h e  sample,  some b r o m o p h e n o l  b lue  was 
added  to  t r a c k  i t s  migra t ion .  E l ec t r opho r e t i c  s epa ra t i on  
t o o k  place  a t  r oom t e m p e r a t u r e ,  for  5 to  6 h, a t  20 mA.  
Af te r  comple t ion  of t he  run,  t he  wicks were r e m o v e d  and  
a d a m p  cellulose ace t a t e  m e m b r a n e  careful ly  l ayered  
over  t he  gel surface.  T he  m e m b r a n e  was r e m o v e d  a f te r  
5 min,  r insed  in  7 .5% (w/v) t r i cho loroace t ic  acid, a n d  
s t a i ned  w i t h  P o n c e a u  S. Sa t i s f ac to ry  i m p r i n t s  of t he  
s e p a r a t i o n  were  o b t a i n e d  a n d  used as guides  to  t he  areas  
to  be cu t  a n d  eluted.  For  r ecovery  s tudies ,  t h e  whole  a rea  
of t he  gel ca lcu la ted  to  con t a i n  t he  p r o t e i n  was cu t  a n d  
t r an s f e r r ed  to  a 5 cm ~ d isposable  syr inge  w i t h  a 18 gauge  
needle,  a n d  t h e  gel was s u b m i t t e d  to  m a n u a l  pressure  
un t i l  no  buf fe r  was  seen d r ipp ing  ou t  t h e  needle.  W h e n  
isola t ion  of t h e  c o m p o n e n t s  of a m i x t u r e  was desired,  t he  
gel was  cu t  in to  a series of para l le l  slices, of va r i ab l e  
wid th ,  a n d  each  slice t r e a t e d  as above .  P r o t e i n  c o n t e n t s  
of r ecovered  samples  were  assessed b y  t he  b i u r e t  r eac t ion  
a n d  b y  O.D.  read ings  a t  280 nm ,  us ing  e lec t rophores is  
buf fer  as b lank .  S t a r t i n g  samples  were s imi la r ly  assayed  
w h e n  recover ies  h a d  to  be  ca lcula ted .  The  q u a l i t a t i v e  
compos i t ion  of samples  was d e t e r m i n e d  immunoe l ec t ro -  
phore t ica l ly ,  us ing  poty-  a n d  m o n o v a l e n t  ant i -sera .  The  
S e p h a d e x  G-25 used for t h e  s epa ra t i on  was re-cycled b y  
r epea t ed  washings ,  f i rs t  w i t h  saline,  a n d  l a t e r  w i t h  b a r b i -  
tone-bor ic  acid buffer ,  a n d  re-used.  

Results. The  i m m u n o e l e c t r o p h o r e t i c  c h a r a c t e r i z a t i o n  of 
t he  f rac t ions  o b t a i n e d  f rom a p r e p a r a t i v e  e lec t rophore t i c  
r u n  of whole  s e r u m  f rom a n o r m a l  i n d i v i d u a l  is shown  in 
F igu re  1. As expected ,  t h e  on ly  p ro t e in s  i so la ted  in a n  
a p p a r e n t l y  pu re  form were a l b u m i n  a n d  IgG, b o t h  h a v i n g  
isoelectr ic po in t s  qu i te  d i s t i nc t  f rom t h e  res t  of s e rum 
prote ins .  S imi lar  resul t s  were o b t a i n e d  w i t h  a whole  se rum 
f rom a p a t i e n t  w i t h  W a d e n s t r o m ' s  macrog lobu l inaemia .  

The  reso lu t ion  of t he  m e t h o d  can  be  b e t t e r  e v a l u a t e d  
b y  t he  s t u d y  i l l u s t r a t ed  in F igures  2 a n d  3. A 4-hour  d iges t  
of a n  IgG  3 pro te in ,  o b t a i n e d  a t  0 . 1% (w/w) p a p a i n : p r o -  
te in,  was  e lec t rophoresed ,  and  t h e  2 p ro t e in  peaks  sepa- 
r a t e d  in  t he  r u n  col lected as 3 f rac t ions  (Figure 2). Those  
f r ac t ions  were l a t e r  cha rac t e r i zed  i m m u n o e l e c t r o p h o r e t i -  
cally,  as shown  in  F igure  3. The  isola t ion  of pu re  Fc  in t h i s  
case deserves  to  be  stressed,  s ince t he  e lec t rophore t i c  
mobi l i t ies  of t he  F a b -  a n d  F c - f r a g m e n t s  of th i s  pa r t i cu l a r  
p ro t e in  were qu i te  close. 

Recove ry  s tud ies  were  car r ied  ou t  w i t h  pur i f ied  a lbu-  
m in  a n d  t he  isola ted IgG~ pro te in .  Resu l t s  are g iven  in 
t he  Table .  Recover ies  were fa r  b e t t e r  w i t h  a l b u m i n  t h a n  
w i t h  t he  IgG  prote in .  The  reason  for th i s  is no t  en t i r e ly  
clear, b u t  one possible  e x p l a n a t i o n  m a y  lie in  t h e  fac t  t h a t  
a l b u m i n  could be  loca ted  t h r o u g h  i ts  b i n d i n g  of b romo-  
p h e n o l  blue,  so t h a t  t he  a rea  where  t he  p ro t e in  h a d  mi-  
g ra t ed  was obv ious  w i t h o u t  need  to p r epa re  a n y  i m p r i n t s  
in  cellulose ace t a t e  m e m b r a n e s  , as we h a d  to  do for IgG. 
I n  those  condi t ions ,  i t  was  easier  to  de l imi te  t he  a rea  of 
gel to  recover  in  t he  case of a lbumin ,  and  losses m i g h t  
h a v e  been  reduced  b y  th i s  fact .  

Comments. The  p r e sen t  m e t h o d  appea r s  qu i te  a t t r a c -  
t ive  as a n  a l t e r n a t i v e  to  m o s t  o the r  c u r r e n t l y  used b lock  
e lec t rophores is  m e t h o d s  b y  i ts  s impl ic i ty  and  good re- 
coveries.  One  l i m i t a t i o n  is t h e  smal l  a m o u n t  of p ro t e in  
t h a t  can  be  s epa ra t ed  in a s ingle run,  r a n g i n g  f rom 10 to  
25 mg  in our  m o s t  succesful  a t t e m p s .  However ,  if t h i s  
m e t h o d  is reserved  to a l as t  s tage  in t he  pur i f i ca t ion  of a 
g iven  pro te in ,  t he  l i m i t a t i o n  of q u a n t i t y  is no t  of para~ 
m o u n t  impor t ance ,  since large  q u a n t i t i e s  are no t  a lways  
ava i l ab le  or necessary  for f u r t h e r  s tudies .  

Resumen. Se descr ibe  u n  m6todo  de electroforesis  
p r e p a r a t i v a  en b loques  de S e p h a d e x  G-25. Su resoluci6n 
*s sa t i s fac t6r ia ,  p e r m i t i e n d o  a is lar  la  a l b u m i n s  y la IgG 
a p a r t i r  del suero normal ,  y el f r a g m e n t o  Fc  de u n a  IgG 3 
d iger ida  con la papa ina .  Las  recuperac iones  v a r i a n  en t re  
50 y 60 % p a r s  la IgG, y en t r e  80 y 9 9 %  p a r s  la a l b u m i n s .  
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