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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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ex t r ac t ed  wi th  3.0 ml  0.25 21//HC1 and  the  suspens ion  cen- 
t r i fuged a t  5,000 •  for 10 min.  The  s u p e r n a t a n t  was re- 
moved  wi th  a Pa s t eu r  p ipe t t e  and  9 volumes  of ace tone  
a t  - -18 ~ added  to  it. The  mix tu r e  was left  ove rn igh t  a t  
- - 1 8  ~ and  the  resul t ing prec ip i ta te  pe l le ted  and  washed  
3 t imes  wi th  ace tone  before drying under  vacuum.  

His tones  were ex t r ac t ed  f rom whole  cells by  squash ing  
60 whole grains in 2 ml  of HCI-KC1 buffer  p H  2.8, ionic 
s t r eng th  0.1, in an agate  mor ta r .  Af te r  20 rain a t  4~ the  
mix tu re  was spun  at  5,000 • g for 20 min  w i thou t  fil tering. 
The s u p e r n a t a n t  was d iscarded and  the  pellet  washed  wi th  
a fu r the r  3 ml  of the  same buffer.  The pel le t  was then  
homogen ized  in a glass homogenizer  w i th  3 ml  0 .25M HCI, 
left  for 20 rain a t  4~ and  cen t r i fuged  a t  5,000 •  for 
20 min.  The  h is tones  were p rec ip i t a t ed  f rom the  super-  
n a t a n t  as descr ibed above.  

Po lyac ry l amide  gel e lect rophores is  was carr ied out  by  
the  m e t h o d  of JOHNS 1~ using the  Shandon  disc electro- 
phoresis  a p p a r a t u s  and  Vpka  m power  unit .  

Results  and  discussion. The isolated nuclei are ex t r emely  
fragile and  rup tu re  under  even the  sl ight  mechanica l  
pressure  of a cover  slip. Thus, since t h e y  are ob ta ined  as a 
concen t r a t ed  suspens ion  ra the r  t h a n  as a pel le t  and  appl-  
ied to t he  slide in a larger t h a n  ideal volume,  i t  is diff icult  
to  ob ta in  a un i form focal p lane  for more  t h a n  a few nuclei  
(Figure 1). The nuclei  are large, 3-5 [xm and  very  similar  
to those  seen in f ixed and s ta ined  sect ions of the  original  
tissue. E x a m i n a t i o n  of the  nuclear  p repa ra t ions  by  phase  
con t ras t  microscopy  revealed l i t t le cy top lasmic  con tamina -  
t ion.  The mi tochondr ia l  enzymes  succinoxidase  and  fu- 
marase,  o f ten  used as an ind ica t ion  of cy top lasmic  con- 
t amina t ion ,  were no t  de tec ted  in t he  nuclear  pellet .  Thus  
the  p r epa ra t i on  satisfies the  cr i ter ia  for morphological  
appea rance  under  phase  contras t ,  nuclear  enzyme  acti- 
v i t y  and low cytoplasmic  ac t iv i ty  sugges ted  by  ROODYN 11 

The nuclei  are charac ter ized  by  a re la t ive ly  low DNA:  
R N A  rat io  compa red  to  pea  seedling nuclei 12 (Table I). In  

whole grain  sect ions f ixed and  s ta ined  wi th  Feulgen,  en- 
dospe rm nuclei  have  a m u c h  lower colour in tens i ty  t h a n  
those  in t he  su r round ing  tissue. This is cons i s ten t  wi th  t he  
low nuclear  DNA concen t ra t ion .  F u r t h e r m o r e  the  endo-  
spe rm nuclei  are associa ted  wi th  a rap id ly  developing 
t issue and  soon af ter  the  per iod of free nuclear  division, 
cell walls are formed,  amylop las t s  quickly fill the  cells and  
the  nuclei  d isappear .  E n d o s p e r m  pro te in  synthes is  still  
cont inues  in the i r  absence 18. Thus  the  nuclei, a t  the  t ime  
of isolat ion m u s t  be ac t ively  synthes iz ing  b o t h  r ibosomal  
and messenger  R N A  and th is  migh t  account  for a h igh  
nuclear  R N A  content .  

The isolated nuclei  are metabol ica l ly  ac t ive  and  have  
appreciable  R N A  polymerase  and  NAD pyrophosphory la se  
ac t iv i ty  (Table II). T h a t  the  R N A  po lymerase  was D N A  
d e p e n d e n t  was shown by  a 5-fold decrease in ac t iv i ty  
following a 20 min p re incuba t ion  of the  nuclei  wi th  deoxy-  
r ibonuclease.  A s ignif icant  decrease in ac t iv i ty  was also 
observed by  a 5 min  pos t - incuba t ion  t r e a t m e n t  w i th  ri- 
bonuclease  showing t h a t  the  rad ioac t ive  p ro d u c t  was in- 
deed RNA.  The resul ts  foI R N A  po lymerase  and N A D  
pyrophosphory l a se  compare  f avourab ly  wi th  those  for 
pea  12 and  yeas t  14 nuclei, respect ively.  Resul t s  wi th  an imal  
cell nuclei15 have  shown t h a t  R N A  po lymerase  is f i rmly  
bound  to  D N A  and  t h a t  NAD pyrophosphory la se  is asso- 
c ia ted wi th  nuclear  r ibosomes isolated af ter  d i s rupt ion  of 
the  nuclear  m e m b r a n e  1~. An R N A  po lymerase  in p l a n t  
cell nuclei  has  been  d e m o n s t r a t e d  by  RHO and CHIP- 
CHASE 17. 

The disc e lec t rophore t ic  p a t t e r n s  of h is tones  f rom endo-  
spe rm nuclei  (B) and  in tac t  endospe rm cells (C) run simul- 
t aneous ly  wi th  a cont ro l  of calf  t h y m u s  h i s tone  are shown 
in Figure  2. The f irs t  2 bands  are impur i t ies  found  a t  t he  
origin and  m a y  be ignored.  Only one h is tone  c o m p o n e n t  
can be seen in the  nuclear  ext rac t .  This has  a mobi l i ty  
be tween  t h a t  of the  f i rs t  and second calf t h y m u s  histones.  
Whole  cells have  3 addi t iona l  componen t s  of which 2 are 

Table L Chemical composition of isolated nuclei 

Tissue DNA (%) RNA (%i Protein (%) 

Nuclei 7 -E2.9 (5) 164-5 (5) 774-4 (5) 

Whole endosperm cells 1.0• (3) 244-8.5 (3) 75-4-7.6 (3) 

Pea seedling nuclei 13 10 77 
(BIRNSTI~L et al, 12) 

For each experiment the sum of DNA, RNA and protein is set at 100. 
The results are expressed as percentages of this sum, with standard 
deviations. The figures for whole endosperm cells and pea seedling 
nuclei are given for comparison. The number of experiments are given 
in parenthesis. 

Fig. 1. Phase contrast micrograph of barley endosperm nuclei 
isolated by the method described in the text. 
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Fig. 2. Aerylamide gel electropherogram of A) calf thymus his- 
tones, ]3) nuclear histone, C) intact cell histones. 

of greater  and  1 of less mobi l i ty  t h a n  the  nuclear  compo-  
nent .  

The chemis t ry  and  biology of pea  h is tones  has  been re- 
v iewed by  SMITH et  al. xS. I t  was considered t h a t  while 
there  may  be no h is tone  f rac t ion specific to any  pea  tissue, 
reproducib le  q u a n t i t a t i v e  differences may  be observed 
in the  historic f rac t ions  f rom di f ferent  tissues1". 

F r o m  the  p resen t  work  one mus t  conclude t h a t  there  
appears  to be only one h is tone  p re sen t  in endospe rm nuclei  
a t  th is  s tage in the i r  deve lopment .  This  historic corres- 
ponds  in mobi l i ty  to h is tone  II  ex t r ac t ed  f rom purif ied 
pea  chi 'omat in  as descr ibed by  SMITH et al. is. 

The addi t iona l  3 c o m p o n e n t s  in the  ex t rac t  of whole 
ceils m a y  be e i ther  basic proteins ,  possibly r ibosomal  or, 
since the  p r epa ra t i on  a lmos t  cer ta in ly  conta ins  non-endo-  
sperm tissue, h is tones  der ived from embryo  or seed coat  
nuclei. The mobi l i ty  p a t t e r n  of the  whole cell histories is 
cer ta in ly  s imilar  to  t h a t  associated wi th  histories from pea  
t issue chromat in .  

I t  m a y  well be t h a t  the  p a t t e r n  for pea  t issue ch roma t in  
is also a composi te  one der ived f rom nuclei at  d i f ferent  
deve lopmenta l  stages. In  t he  p resen t  case, however ,  the  
h is tone  f rac t ion  was p repa red  form a fairly homogenous  
p repa ra t ion  of nuclei a t  the  same deve lopmenta l  stage. 
Since endospe rm nuclei d i sappear  and p re sumab ly  dis- 
in tegra te  af ter  cell wall  fo rmat ion  and amylop las t  accu- 
mulat ion,  t he  presence  of a single h is tone  m a y  be re la ted  
to the i r  metabol ic  decline s0, 21. 

Rdsumd. Les noyaux  d ' endospe rme  on t  6t6 isol6s de 
grains tr6s jeunes  d 'orge.  Le DNA, R N A  et la prot6ine 
offraient  en t re  eux les r appor t s  7 : 16 : 77. Les enzymes  R N A  
polym6rase  (Nucl6oside t r i phospha t e :  R N A  nuci6ot idyle  
transf6rase,  E.C. 2.7.7.6) et  NAD pyrophosphory la se  
(ATP:  NMN ad6nyl t ransf6rase,  E.C. 2.7.7.1) on t  6t6 ob- 
serv6s dans  les noyaux  isol6s. Un  seul h is tone  peu t  ~tre 
t rouv6 dans  la p r6para t ion  des noyaux.  

C. M, DUFFUS 

Table II. Metabolic activity of isolated nuclei 

Enzyme 
RNA polymerase 

Activity 
nmoles of (14C) ATP incorporated 
into RNA/mg protein/40 min 

Normal system 2.7 
0.05 ml ribonuclease (1 mg/ml) 
for 5 min after incubation 2.0 
Nuclei+0.05 ml deoxyribonuelease 
(1 mg/ml) for 20 rain before 
incubation 0.5 
NAD pyrophosphorylase nmoles NAD/mg protein/30 min 

0.16 

Each figure is the mean of 2 experiments. 
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Transaminase  Activities of Root Protoplasts  

By e l imina t ing  walls of bacter ia l  1 cells, i t  has  been pos- 
sible to ob ta in  physiological ly  in tac t  forms n a m e d  re- 
spect ively  for t he  Gram bacter ia  - and  ~ spheroplas t s  and  
pro top las t s .  Such s t ruc tu res  are of t he  grea tes t  in te res t  for 
b o t h  b iochemis t ry  and  genetics.  And  i t  is unde r s t andab l e  

t h a t  one m a y  be t e m p t e d  to prepare  similar  forms in o ther  
organisms,  and  par t icu lar ly  in higher  plants .  Roo ts  of 
Tomato  were the  f i rs t  to  be used3 and the  word 'proto-  
p las t  '4 was  a t t r i b u t e d  to  cells depr ived  of the i r  skeletal  
envelope.  


