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On the Location of Glutamate Decarboxylase in the 
durum) and its Activity during Early Germination 

The  presence  of g l u t a m a t e  deca rboxy la se  (L-g lu tamate  
1-carboxylyase ,  EC 4.1.1.15) (GAD) in h igher  p l a n t s  was  
f i rs t  r epo r t ed  b y  OKUNUKI 1 a n d  t h e n  de t ec t ed  in  a 
n u m b e r  of p l a n t s  2-~. However ,  no de ta i l ed  in fo rma-  
t i o n  on  t h e  s t r u c t u r a l  and  f u n c t i o n a l  p rope r t i e s  of t he  
p l a n t  e n z y m e  i s  so far  ava i lab le ,  a n d  i ts  phys io logica l  
role, as well as t h a t  of t he  b e t t e r  k n o w n  bac te r i a l  enzyme,  
has  n o t  been  elucidatedS.  

H igh  GAD a c t i v i t y  was r epo r t ed  in w h e a t  seeds ~, 
wh ich  a p p e a r  a p p r o p r i a t e  m a t e r i a l  for pu r i f i ca t ion  of t he  
e n z y m e  and  for s tud ies  on  i ts  func t ion  du r ing  p l a n t  
deve lopmen t .  W e  r e p o r t  here  t h e  loca t ion  of G A D in t h e  
caryops is  of h a r d  w h e a t  and  va r i a t i ons  of i ts  a c t i v i t y  
d u r i n g  ge rmina t ion .  Tile f u r t h e r a n c e  of these  s tud ies  is 
expec ted  to  c o n t r i b u t e  b o t h  to t he  knowledge  of e n z y m a t i c  
processes occur r ing  d u r i n g  the  d i f fe ren t  phases  of seed 
l i fe-span,  and  to t he  e luc ida t ion  of t he  role of GAD 
reac t ion  in p l a n t  me tabo l i sm.  

Mater ials  and methods. H a r d  whea t ,  Tr i t i eum durum cv. 
Cappell i ;  h a r v e s t  1972, (18-month-o ld  seeds, w i t h  75~o 
g e r m i n a t i o n  a f te r  48 h) was employed.  W h e n  t h e  seeds 
were ope ra t ed  in d r y  s ta te ,  whole  embryo ,  e m b r y o  axis, 
s eu te l lum a n d  e n d o s p e r m  were isolated,  fol lowing t he  
genera l  t e chn iques  p rev ious ly  descr ibed  v. For  e x p e r i m e n t s  
on  g e r m i n a t i n g  seeds, t he  seeds were i m b i b e d  on  wa te r -  
mo i s t ened  f i l ter  p a p e r  for  s t a t e d  t imes  u n d e r  a e r a t ed  
cond i t ions  in t he  dark,  t h e n  t he  whole  e m b r y o s  (axis p lus  
scute l lum) were isolated.  All seed c o n s t i t u e n t s  were t h e n  
processed as follows. The  seed p a r t s  were g r o u n d  sepa- 
ratel3? in a m o r t a r  w i t h  doub le  v o l u m e  of a lumina .  The  

Caryopsis of Hard Wheat (Triticum 

powder  o b t a i n e d  was su spended  w i t h  0.2 M sod ium 
ace t a t e  buffer  p H  4.0 (1:5,  w : v )  a n d  a l lowed to  e x t r a c t  
for 3 h a t  4 ~ w i t h  s t i r r ing .  The  solid pa r t i c les  were t h e n  
r e m o v e d  b y  cen t r i fuga t ion .  The  p r o t e i n  c o n c e n t r a t i o n  of 
t he  e x t r a c t s  was d e t e r m i n e d  b y  the  b i u r e t  m e t h o d s  a f te r  
p r e c i p i t a t i o n  w i t h  t r i ch lo roace t i c  acid. GAD a c t i v i t y  of 
e x t r a c t s  was  e v a l u a t e d  m a n o m e t r i c a l l y ,  b y  m e a s u r i n g  t he  
CO 2 re leased f rom L-g lu tamate .  The  s t a n d a r d  i n c u b a t i o n  
m i x t u r e  c o n t a i n e d  2.0 ml  0.05 M p y r i d i n e  HC1 buffer  
p H  5.3, 0.3 ml  of ex t rac t ,  0.1 ml  p y r i d o x a l - 5 ' - p h o s p h a t e  
(PLP)  so lu t ion  (when requi red)  and  H~O to  t he  f ina l  
v o l u m e  of 3.0 ml  in  t he  m a i n  c o m p a r t m e n t  of t h e  W a r b u r g  
vessel,  a n d  0.3 iill 0.05 M sod ium L-g lu t ama te  in  t h e  side 
a rm.  Af te r  t e m p e r a t u r e  equ i l ib ra t ion ,  t he  r eac t ion  was 
s t a r t e d  a n d  m a n o m e t r i c  r ead ings  were t a k e n  a t  5 m i n  
in te rva l s ,  a t  37 ~ w i t h  a i r  as gas phase .  

Results  and discussion. The  c o m p a r a t i v e  GAD ac t iv i t i e s  
of t he  c o n s t i t u e n t s  of t he  w h e a t  caryopsis ,  i so la ted  a t  d r y  
s ta te ,  are  r e p o r t e d  in t h e  Table .  Since t h e  i so la ted  
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GAD specific activities of ex- 
tracts from dry embryos and 
from embryos at different ger- 
mination times. Each point is 
the mean value (~- SEM) of 6 
independent assays, run either 
in the presence (O) or in the 
absence (O) of 10 -~ M PLP. 
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e n d o s p e r m  is devo id  of t h i s  e n z y m e  a c t i v i t y  and  t h e  
e m b r y o  axis  con t a in s  m u c h  h ighe r  e n z y m e  level  t h a n  t he  
scute l lum,  i t  can  be  conc luded  t h a t  G A D  of d r y  seeds is 
loca ted  in d ry  embryos .  Cons i s t en t  resu l t s  were r e p o r t e d  
for GAD of ba r l ey  seeds 3. T he  G A D  ac t iv i t i e s  of e m b r y o s  
were t h e n  d e t e r m i n e d  a t  d i f fe ren t  t imes  of  seed ge rmina -  
t ion ,  b o t h  in t he  absence  and  in t h e  presence  of PLP .  As 
shown  in t he  Figure,  d u r i n g  t he  f i rs t  3 it of ge rmina t ion ,  
t he  e n z y m e  a c t i v i t y  m a i n t a i n s  va lues  close to those  of t h e  
d r y  embryos .  A s ign i f ican t  increase  is obse rved  a f t e r  6 h 
of ge rmina t ion ,  w h e n  t he  G A D  specific a c t i v i t y  a t t a i n s  
i ts  m a x i m u m  value .  T h e n  t he  e n z y m e  levels p rogress ive ly  
decrease  d u r i n g  t he  fol lowing g e r m i n a t i o n  t ime .  P L P  
enhances  s ign i f i can t ly  t he  G A D  a c t i v i t y  t h r o u g h o u t  all 
t h e  g e r m i n a t i o n  t ime,  w i t h  h igher  effect  in t h e  l a t e  per iod.  
A l t h o u g h  th i s  a c t i v a t i o n  c a n n o t  d i r ec t ly  a c c o u n t  for the  
v a r i a t i o n s  of GAD  a c t i v i t y  d u r i n g  ge rmina t ion ,  as 
obse rved  in t he  Figure ,  t h e  poss ib i l i ty  could be ra i sed  of a 
con t ro l  of GAD level  t h r o u g h  t h e  r egu la t ion  of syn thes i s  
a n d  b r e a k d o w n  of t he  apoenzyme ,  t h a t  was  shown  in 
m a m m a l i a n  o rgans  to  unde rgo  p re fe ren t i a l  a t t a c k  b y  
group  specific p ro teases  10. An  a l t e r n a t i v e  or a d d i t i o n a l  

r egu la t i on  m e c h a n i s m ,  exp la in ing  t he  v a r i a t i o n s  of GAD 
a c t i v i t y  d u r i n g  t he  seed l i fe-span,  could be  p rov ided  b y  
t he  c o n c e n t r a t i o n  of nuc leo t ides  a n d  Pi. I n  fact ,  pa r t i a l l y  
pur i f ied  p r e p a r a t i o n s  of G A D  f rom w h e a t  e m b r y o s  were 
found  to  be  sens i t ive  to  'phys io logic '  c o n c e n t r a t i o n s  of 
these  me tabo l i t e s  11. A deeper  i n s igh t  in to  these  p rob l ems  
seems to  be  cond i t ioned  b y  f u r t h e r  pu r i f i ca t i on  a n d  
c h a r a c t e r i z a t i o n  of t he  p l a n t  GAD, as well  as b y  f u r t h e r  
i nves t iga t ions  on  amino  acid and  nuc leo t ide  m e t a b o l i s m  
in p l a n t s  TM. 

Riassunto. La  g l u t a m m i c o  decarboss i las i  8 loca l izza ta  
n e l l ' e m b r i o n e  di semi  secchi  di  Triticum durum, m e n t r e  
l ' e n d o s p e r m a  ne  r i su l t a  p r a t i c a m e n t e  pr ivo.  D u r a n t e  la 
ge rminaz ione  si h a  u n  a u m e n t o  d e l l ' a t t i v i t ~  specif ics  G A D  
al la  ses ta  o r s  di  imbib iz ione ,  segu i ta  da  n n a  l en t a  e 
p rogress iva  d i m i n n z i o n e  pe r  le seguen t i  24 ore. L ' e n z i m a  
a t t i v a t o  dal  p i r idossa l -5 ' - fosfa to ,  m a l e  va r i az ion i  di 
attivitS~ GAD d u r a n t e  Ia ge rminaz ione  n o n  s e m b r a n o  
d ipende re  d i r e t t a m e n t e  da l la  concen t r az ione  del coenzima.  
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Material GAD specific activity Relative 
(~d C%/min/mg protein) percentages 

Embryo 9.8 100.0 
Embryo axis 7.3 74.4 
Seutellum 2.6 26.7 
Endosperm Not detectable -- 
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Effects  of  D H E A  or i ts  S u l f o c o n j u g a t e s  u p o n  c - A M P  P h o s p h o d i e s t e r a s e  

Only  r ecen t l y  t he  i n t e r r e l a t i o n s h i p  b e t w e e n  DHI? ;A 
(dehydroep iand ros t e rone ,  3f l -hydroxy-  5 -andros ten -  17- 
one), G - 6 - P D H  (g lucose-6-phospha te  dehydrogenase ,  EC 
1.1.1.49) a n d  c -AMP (cyclic a d e n o s i n e - 3 ' , 5 ' - m o n o -  
p h o s p h a t e )  u n d e r  phys io log ica l  cond i t ions  ha s  been  
r epo r t ed  1. Accord ing  to these  inves t iga t ions ,  decreased  
p l a s m a  levels of su l focon juga ted  D H E A  m a y  be  a t  leas t  
in  p a r t  respons ib le  for t he  e l eva ted  a c t i v i t y  of red  b lood 
cell G - 6 - P D H  in psoriasis ,  h y p e r l i p o p r o t e i n e m i a ,  or t he  
m e n o p a u s a l  syndrome ,  as well  as for  lowered concen t r a -  
t ions  of c -AMP in p l a s m a  or e ry th rocy te s .  I n  o rder  to  
s u b s t a n t i a t e  t he  in f luence  of D H E A  or i ts  su l foconjuga tes  
u p o n  t he  c o n c e n t r a t i o n s  of c-AMP, t h e  e r y t h r o c y t e - r i c h  
co rpuscu la r  f r ac t ion  f rom b lood  of n o r m a l  sub jec t s  was  
i n c u b a t e d  w i t h  D t t E A ,  i ts  su l fa te  or su l fa t ide  (d ipa lmi toy l  
g lycerosulfa te)  a n d  t he  i n t r ace l lu l a r  c o n t e n t  of c -AMP 
de t e rmined .  F u r t h e r m o r e ,  t he  hydro lys i s  of 8-14C-c-AMP 
in p r o t e i n  f r ac t ions  f rom h e m o l y s a t e s  in  t h e  presence  of 
DH]?;A as well  as t he  c o m p o n e n t s  of t he  G - 6 - P D H  
s y s t e m  was s tudied .  

Material and methods. The  corpuscular ,  e r y t h r o c y t e -  
r ich  f r a c t i o n  f rom n o r m a l  sub jec t s  - hence - f o r t h  cal led 
' e r y t h r o c y t e s '  - was  p r e p a r e d  as p rev ious ly  described2.  
Dup l i ca t e  samples ,  cons i s t ing  of 3.0 ml  of t h e  ' e ry th ro -  
cy t e '  suspens ion  in 0 .9% sod ium ch lor ide /0 .025% E D T A  
a n d  0.02 ml  d ioxane  w i t h  7~-3H-DHEA,  i ts  sulfate,  or 

s y n t h e t i c  su l fa t ide  were i n c u b a t e d  for 30 m i n  a t  37~ 
t he  f inal  c o n c e n t r a t i o n  of s tero id  s u b s t r a t e  co r re spond ing  
to a 10 .6 to  10 .4 M solut ion.  The  ' e r y t h r o c y t e s '  were 
washed,  hemolyzed ,  cen t r i fuged ,  a n d  t he  a m o u n t  of 
i n t r ace l lu l a r  s u b s t r a t e  m e a s u r e d  b y  i ts  ~H-ac t iv i ty .  I n  
t he  second s e r i e s o f  expe r imen t s ,  t h e  label led s u b s t r a t e s  
were replaced  b y  co r r e spond ing  c o n c e n t r a t i o n s  of non-  
label led  c o m p o u n d s  and  t he  c o n c e n t r a t i o n  of i n t r ace l lu l a r  
c -AMP d e t e r m i n e d  b y  t he  p r o t e i n - b i n d i n g  as say  of 
GILMAN 3. 

I n  add i t ion ,  hemo lysa t e s  f rom washed  ' e r y t h r o c y t e s '  
were s u b m i t t e d  to  f r a c t i o n a t e  a m m o n i u m  sul fa te  pre-  
c ip i t a t ion  a n d  t he  p ro t e in  f rac t ions ,  o b t a i n e d  a t  25%, 
50%, a n d  75% sa tu ra t i on ,  i n c u b a t e d  w i t h  8-14C-c-AMP 
in t he  absence  or p resence  of D H E A  a n d  t he  c o m p o n e n t s  
of t h e  G - 6 - P D H  s y s t e m  as i nd i ca t ed  in t h e  Table .  The  
i n c u b a t e s  were e x t r a c t e d  w i t h  ch lo ro fo rm-me thano l ,  t he  
aqueous  m e t h a n o l i c  e x t r a c t s  lyophi l ized,  a n d  t he  res idues  
s u b m i t t e d  to t h i n  l aye r  c h r o m a t o g r a p h y  on  P E I -  
cellulose in 0.25 M l i t h i u m  chlor ide  for s e p a r a t i o n  of 
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