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G l u t a m a t e  D e c a r b o x y l a s e  in  B a r l e y  A l e u r o n e  a n d  
G e r m i n a t i o n  

B o t h  t h e  e n z y m e  g l u t a m a t e  deca rboxy la se  a n d  i ts  pro-  
d u c t  y - a m i n o b u t y r i c  acid (GABA) h a v e  been  r epo r t ed  to  
occur  wide ly  in p l a n t s L  The i r  phys io logica l  i m p o r t a n c e  
has  no t  ye t  been  c lear ly  def ined  a l t h o u g h  t r ace r  exper i -  
m e n t s  h a v e  all  shown  a close r e l a t ionsh ip  be t w een  G A B A  
and  Krebs  cycle acids~-3. GALSKY a n d  LIPPINCOTT ~ h a v e  
r ecen t ly  r e p o r t e d  t h a t  t he  syn thes i s  of a -amylase  is ac t iv -  
a t ed  in embryo less  ba r l ey  seeds b y  a n u m b e r  of a m i n o  
acids, inc lud ing  g l u t a m i c  a n d  a spa r t i c  acids. G A B A  did 
no t  induce  e -amylase  a c t i v i t y  ill these  e x p e r i m e n t s  b u t  we 
cons idered  i t  would be  of in t e res t  to  exam i ne  t h e  effect  of 
G A B A  on a -amylase  which  was induced  b y  use of g ibber-  
ellic acid (GA) 5 

The  b a r l e y  used was Hordeum vulgare L. var .  Marls  Ot-  
ter ,  d e h u s k e d  w i t h  50% su lphur ic  acid a n d  s tored  in a 
des icca tor  a t  room t e m p e r a t u r e .  S tudies  of t h e  i n t e r ac t i on  
of G A B A  and  GA were car r ied  ou t  us ing  2 m m  e n d o s p e r m  
slices, as p rev ious ly  descr ibed  for s imi la r  s tudies  w i t h  
cyclic A M P  and  GA s . s - A m y l a s e  a c t i v i t y  was assayed  b y  
t he  i od ine -dex t r in  colour  m e t h o d  of BRIGGS ?. The  resul t s  
were expressed  in a r b i t a r y  un i t s  (AU)S. T he  effect  of 
G A B A  on a -amylase  a c t i v i t y  was d e t e r m i n e d  in t he  n o r m a !  
assay  sys tem.  A fixed a m o u n t  of e n z y m e  was p r e i n c u b a t e d  
for 1 h w i t h  a p p r o p r i a t e  c o n c e n t r a t i o n s  of G A B A  before  
d e t e r m i n i n g  t he  ac t iv i ty .  A l t e rna t ive ly ,  G A B A  was added  
to  t he  s u b s t r a t e  to  give a su i t ab le  c o n c e n t r a t i o n  in t he  
f ina l  assay  mix tu re .  

Aleurone  was p r e p a r e d  f rom dehusked  ba r l ey  ge rmina t -  
ing a t  25~ us ing  t h e  m e t h o d  p rev ious ly  descr ibed  b y  
DUFFUS 9. Samples  of 50 gra ins  showing  o p t i m u m  germina-  
t i on  ra t e s  were t a k e n  and  t he  a l eu rone  was p r e p a r e d  f rom 
2 m m  slices cu t  f rom the  cen t r a l  po r t i on  of each  grain.  The  
c o m b i n e d  a leurone  pieces were mixed  w i t h  g round  glass 
a n d  0.5 ml  of w a t e r  in  a P o t t e r  t y p e  homogen ize r  and  ex- 
t r a c t e d  a t  4 ~ The  c rude  h o m o g e n a t e  was cen t r i fuged  a t  
1000 g a n d  4~ for 10 rain.  The  s u p e r n a t a n t  was  assayed  
for g l u t a m a t e  deca rboxy la se  ac t iv i ty .  The  assay  s y s t e m  
h a d  a t o t a l  vo lume  of 0.3 ml  a n d  c o n t a i n e d  75 m M  potas -  
s ium p h o s p h a t e  pl-t 6.2, l0  ~zM p y r i d o x a l  p h o s p h a t e ,  
40 m M  sod ium g l u t a m a t e  and  0.1 ml  of a leurone  ex t rac t .  
The  so lu t ion  minus  g l u t a m a t e  was i n c u b a t e d  a t  25 ~ for 
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Changes in act ivi ty of glutamate decarboxylase and a-amylase during 
germination at 25~ a-amylase activity is in AU/grain and gluta- 
mate decarboxylasc activity is expressed as ~zmoles GABA pro- 
dueed/h/aleurone slice. 
glutamate decarboxylase �9 
a-amylase �9 

i t s  R e l a t i o n s h i p  to  a - A m y l a s e  D e v e l o p m e n t  D u r i n g  

10 m i n  w h e n  g l u t a m a t e  was added  to s t a r t  t he  react ion.  
Af te r  30 ra in  f u r t h e r  i n c u b a t i o n  a t  25~ 0.03 ml  of 5 N 
H2SO4 were added  to s top  t he  reac t ion .  The  G A B A  form- 
ed was e s t i m a t e d  s p e c t r o p h o t o m e t r i c a l l y  in  a neu t ra l i sed  
a l iquo t  of t h e  r eac t ion  so lu t ion  us ing  enzymes  p r epa red  
f rom Pseudomonas  fluorescens10. In  t h e  case of each ex- 
t rac t ,  t he  G A B A  p re sen t  in  a n  assay  to  which  no  g lu ta-  
m a t e  h a d  been  a d d e d  was measured .  The  difference be- 
tween  the  two  G A B A  c o n t e n t s  was  t h e n  t a k e n  as a measu re  
of g l u t a m a t e  deca rboxy lase  ac t iv i ty .  

In i t i a l  e x p e r i m e n t s  on  t he  effect  of G A B A  on a -amylase  
a c t i v i t y  were car r ied  ou t  us ing  t he  s y s t e m  designed to 
measure  t he  p r o d u c t i o n  of a - amylase  b y  ba r l ey  a leurone  
u n d e r  the  inf luence  of GA. The  resu l t s  appea red  to indi-  
ca te  t h a t  c o n c e n t r a t i o n s  of G A B A  of be tween  10-~M a n d  
10-aM cause a n  a p p r o x i m a t e l y  30 % decrease  in a -amylase  
p roduc t ion .  However ,  f u r t h e r  e x p e r i m e n t s  showed t h a t  
G A B A  acts  d i rec t ly  as an  i nh ib i t o r  of a -amylase  in v i t ro  
r a t h e r  t h a n  exe r t i ng  an  effect  on  t he  b i o s y n t h e t i c  sys tem.  
W h e r e a s  2 • 10-SM G A B A  was w i t h o u t  effect  on  a -amy-  
lase ac t iv i ty ,  a m a x i m u m  i n h i b i t i o n  of 25% was ob t a ined  
a t  5 • 10-SM G A B A  w i t h  no f u r t h e r  increase  a t  concen t ra -  
t ions  up  to 10-3M. I n h i b i t i o n  b y  G A B A  was found  on ly  
w h e n  p r e i n c u b a t i o n  of G A B A  a n d  e n z y m e  was car r ied  ou t  ; 
add i t i on  of a m i x t u r e  of G A B A  and  s u b s t r a t e  to  t he  en- 
zyme  did  no t  resu l t  in  a n y  de t ec t ab l e  i nh ib i t i on  of a -amy-  
lase ac t iv i ty .  

The  g l u t a m a t e  deca rboxy la se  and  a -amylase  ac t iv i t ies  
in  t he  a leurone  of o p t i m a l l y  g e r m i n a t i n g  ba r l ey  samples  
were followed for t h e  f i rs t  48 h of g e r m i n a t i o n  (Figure).  
G l u t a m a t e  deca rboxy la se  showed  an  in i t ia l  s l igh t  rise in  
a c t i v i t y  followed b y  a s teep decline. The  onse t  of th i s  de- 
cline appea r s  to  coincide w i t h  t h e  a p p e a r a n c e  of a -amylase  
a c t i v i t y  in t he  t issue.  

A t t e m p t s  were m a d e  to  d e m o n s t r a t e  t he  presence  of 
G A B A  in ba r l ey  a l eu rone  us ing  t he  specific dansy l a t i on  
a n d  c h r o m a t o g r a p h i c  m e t h o d  of SEILEE a n d  WIECHMANN n 
b u t  the  c o m p o u n d  could  no t  be  de t ec t ed  a t  a sens i t iv i ty  
level  of a p p r o x i m a t e l y  0.5 {xmoles/g a leurone.  I f  G A B A  is 
p re sen t  a t  a level  found  to be effect ive aga ins t  a -amylase  
in vi t ro ,  e.g. 5 • 10-SM, ca lcu la t ion  suggests  t h a t  the  aleu- 
rone  f rom more  t h a n  a k i logram of ba r l ey  m a y  be  necessa- 
ry  for  t he  e x t r a c t i o n  of suff ic ient  G A B A  to  enab le  ident i -  
f i ca t ion  w i t h  p r e sen t  t echn iques .  

INATOMI a n d  SLAUGHTER 1. r epo r t ed  t h a t  t h e y  could n o t  
de tec t  g l u t a m a t e  deca rboxy la se  a c t i v i t y  in ex t r ac t s  of 
ba r l ey  e n d o s p e r m  b u t  in  t h e i r  case whole  e n d o s p e r m  was 
used and  i t  seems p r o b a b l e  t h a t  s ign i f ican t  d i s rup t ion  and  
e x t r a c t i o n  of t h e  a l eu rone  cells was  no t  ach ieved  b y  t h e  
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t e c h n i q u e  used. I n  t he  present p a p e r  i t  has  been  shown  
t h a t  w a t e r  ex t r ac t s  of s e p a r a t e d  a l eu rone  layers  c o n t a i n  
g l u t a m a t e  deca rboxy lase  a c t i v i t y  in  easi ly  de t ec t ab l e  
a m o u n t s .  T h u s  ba r l ey  a leurone  appea r s  to  h a v e  t he  ca- 
p a c i t y  to  p roduce  G A B A  as does t h e  e m b r y o  ~. I t  does no t  
follow, however ,  t h a t  t he  func t ions  of G A B A  are t he  same  
in b o t h  t i ssues :  in e m b r y o s  t he  enzyme g l u t a m a t e  decar-  
boxy lase  increases  in  a c t i v i t y  as g e r m i n a t i o n  proceeds  a n d  
cons iderab le  q u a n t i t i e s  of G A B A  are  syn thes i sed  1, whereas  
in  a l eu rone  cells t he  g l u t a m a t e  deca rboxy lase  a c t i v i t y  de-  
cl ines s teep ly  a i t e r  a few hour s  of ge rmina t ion ,  a n d  G A B A  
c a n n o t  a t  p r e sen t  be  de tec ted .  I t  h a s  been  suggested  t h a t  
in  t he  developing e m b r y o  g l u t a m a t e  deca rboxy la se  a n d  
G A B A  are  i m p o r t a n t  in  t he  b u i l d - u p  a n d  func t ion ing  of 
t he  K r e b s  cycle 1, a whereas  in  t he  a l eu rone  cells i t  seems 
poss ible  t h a t  G A B A  m a y  serve a r egu la to ry  func t ion .  

The  d i scovery  of a possible  con t ro l  f unc t i on  for G A B A  
in p l a n t s  suggests  t h a t  G A B A  m a y  h a v e  t h e  same  two  
b r o a d  func t ions  in  p l a n t s  as in  an i m a l s  1~-14 N a m e l y  as a n  
i n t e r m e d i a r y  m e t a b o l i t e  conce rned  w i t h  ,the f unc t i on ing  
of t he  K r e b s  cycle a n d  as p a r t  of a s y s t e m  con t ro l l ing  t h e  
d e v e l o p m e n t  a n d  func t ion ing  of t he  overa l l  o rgan i sm ~5. 

Rdsumd. L ' e n z y m e  g l u t a m a t e  dGcarboxylase  se t r o u v e  
dans  les e x t r a i t s  d ' e au  de l ' a l eu rone  de Forge. Au dGbut  
de la  ge rmina t ion ,  l ' a c t iv i t6  de ce t t e  e n z y m e  augmen te ,  

ma i s  aprGs, q u a n d  a p p a r a i t  l ' e n z y m e  ~-amylase,  elle di- 
minue .  Q u o i q u ' a u  dessous  d ' u n e  c o n c e n t r a t i o n  de 
2 • 10 -eM l 'ac ide  v - amino  b u t y r i q u e  (GABA) n ' a f fec te  pas  
l ' ac t iv i t6  de l ' a - a m y l a s e  in v i t ro ,  la G A B A  ~ 5 • 10-GM 
p e u t  p r o v o q u e r  une  i n h i b i t i o n  de 25% qui  n ' e s t  pas  mod i -  
fi6e p a r  des c o n c e n t r a t i o n s  de G A B A  compr ises  en t re  
5 • 1 0 - e M  et  10-3M. 
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C h a r a c t e r i z a t i o n  of  N u c l e i  f r o m  I m m a t u r e  B a r l e y  E n d o s p e r m  

The  u l t r a s t r u c t u r e  of t h e  deve lop ing  ba r l ey  e n d o s p e r m  
has  been  descr ibed  b y  BUTTROSE 1. L i t t l e  is known,  how- 
ever,  of t he  b iochemica l  even t s  fol lowing an thes i s  and,  
in  pa r t i cu la r ,  of t he  role of t h e  nuc leus  in  these  events .  

Few  c o n v e n i e n t  m e t h o d s  for t he  i so la t ion  of nuclei  f rom 
h igher  p l a n t s  h a v e  b e e n  repor ted ,  m a i n l y  because  of t h e  
p resence  in t he  selected t i ssues  of chloroplas ts ,  amylo-  
p las t s  a n d  m e c h a n i c a l l y  r e s i s t an t  cell walls. I n  t he  cereal  
grain,  however ,  i m m e d i a t e l y  a f t e r  an thes is ,  r ap id  d iv is ion  
of t he  t r ip lo id  e n d o s p e r m  nuc leus  t akes  p lace  w i t h o u t  
a c c o m p a n y i n g  cell wal l  f o r m a t i o n  2. T he  nucle i  are close 
p a c k e d  w i t h  on ly  a few u n d i f f e r e n t i a t e d  spher ica l  bodies  
p resen t .  T h u s  a m e t h o d  could be  easi ly devised  for t he  iso- 
l a t ion  of r e l a t ive ly  u n c o n t a m i n a t e d  and  i n t a c t  nuclei .  
This  p a p e r  t h e n  descr ibes  some of t h e i r  p rope r t i e s  in  t e r m s  
of chemica l  composi t ion ,  me tabo l i c  a c t i v i t y  a n d  h i s tone  
con ten t .  

Materials and methods. T he  2 row bar ley ,  Hordeum dis- 
tichum (L.) Lain .  CV. MARIS BALDRIC, was used  and  was  
g rown  e i the r  in  q u a n t i t y  on  t he  U n i v e r s i t y  f a rms  or in  t h e  
g reenhouse  u n d e r  l ights .  

100 grains ,  neve r  older  t h a n  3 days  a f t e r  an thes i s  were  
i n d i v i d u a l l y  squashed  in a n  ice-cold aga te  m o r t a r  in 2 m l  
of blr so rb i to l  c o n t a i n i n g  30% glycerol  a n d  0.001 M Ca l+. 
The  m i x t u r e  was f i l tered t h r o u g h  2 layers  of m u s l i n  on  to  
2.0 m l  of 1 . S M  sorbi tol ,  c o n t a i n i n g  30% glycerol  a n d  
0.001 M Ca *+ in a 5 ml  po lyp ropy lene  cen t r i fuge  tube .  T h u s  
2 layers  were  formed.  A glass rod  was passed  once  t h r o u g h  
t he  in te r face  to  give a s l igh t  m i x i n g  of t h e  layers.  This  was  
cen t r i fuged  for  20 m i n u t e s  a t  200 • g a n d  t h e  nucle i  accu-  
m u l a t e d  in  t h e  lower  layer .  The  t op  layer  a n d  in te r face  
were d iscarded.  The  lower l ayer  was  t h e n  t r a n s f e r r e d  to  
a n o t h e r  5 m l  cen t r i fuge  t u b e  a n d  cen t r i fuged  a t  200 •  
for 2 h. The  pe l le t  was  f u r t h e r  c o m p a c t e d  b y  acce le ra t ing  
to  t ,000 •  for 1 ra in  a t  t he  end  of t he  2 h. Th i s  pel le t  was  
used w i t h o u t  f u r t h e r  t r e a t m e n t  in  t he  e x p e r i m e n t s  to  be  
descr ibed.  

The  pur i f i ca t ion  was  m o n i t o r e d  rou t i ne ly  w i t h  a Vickers  
P a t h o l u x  microscope  us ing  phase  c o n t r a s t  lenses and  a 
magn i f i ca t ion  of 1,000 d iameters .  A Lei tz  microscope was 
used to  t ake  phase  c o n t r a s t  p h o t o m i c r o g r a p h s  a t  a magni -  
f i ca t ion  of 700 d iamete r s .  

DNA,  R N A  a n d  p r o t e i n  were d e t e r m i n e d  in t h e  nuc lea r  
pel le t  as descr ibed  b y  I~OZIJN a n d  TONINO 3. R N A  poly- 
merase  was assayed  as descr ibed  b y  WEISS 4 us ing  boiled 
nucle i  as a control .  T h e  p H  of assay  was  7.8. N A D  pyro-  
p h o s p h o r y l a s e  was a s sayed  b y  t h e  m e t h o d  of GINSBURG- 
TIETZ et  al. 5 a n d  t h e  N A D  syn thes i zed  m e a s u r e d  b y  t he  
m e t h o d  of KLINGENBERG 6. F u m a r a s e  was a s sayed  b y  t h e  
m e t h o d  of PIERPOINT 7 and  succ inoxidase  spec t ropho to -  
me t r i ca l ly  as descr ibed  b y  VEEGER et  al. 8. 

H i s tones  were e x t r a c t e d  f rom the  nuc lea r  pel le t  b y  a 
modi f i ca t ion  of t h e  m e t h o d  of MURRAY et  a12. The  nuclei  
were e x t r a c t e d  w i t h  3.0 ml  of a KC1-HC1 buf fe r  ionic 
strengt,h, 0.1, p H  2.8, a n d  t he  suspens ion  lef t  a t  4~ for 
20 m i n  before  cen t r i fug ing  a t  5,000 •  for 10 min.  The  
s u p e r n a t a n t  was  d i sca rded  a n d  t h e  pel le t  w a s h e d  once 
w i t h  3.0 ml  of t he  same  buffer ,  The  washed  pe l le t  was t h e n  
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