
15. 12. 1977 Specialia 

SOD, P and C values in normal rats; effect of chronic H~O~ drinking 
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Organs SOD P C 
Units/g w.t.wt Units]g w.t.wt Units/g w.t.wt 
Controls HzO2-treated Controls H202-treated Controls H202-treated 

Liver 4000 -t- 600 10,408 2. 750 0 0 4.80 2. 0.43 25.250 :t: 2.455 
Kidney 1120 2. 151 1692 i 240 361 2. 33 1200 -1- 105 0.36 ~ 0.03 3.300 2. 0.295 
Spleen 560 + 50 470 2. 240 963 -t- 91 4250 2. 418 2.40 2. 0.21 0.730 2. 0.062 
Testes 960 2. 63 1100 :t= 53 407 -4- 41 - 0.41 2. 0.03 0.150 2. 0.011 
Whole brain 240 -t- 24 397 2.4- 38 120 2. 10 140 2. 13 0.04 2. 0.004 0.012 2. 0.001 
Lung 210 -4- 20 895 =k 85 872 -4- 86 2020 • 201 0.26 2. 0.02 0.520 • 0.050 
Pancreas 310 2. 31 352 -V 33 136 2. 13 480 2_ 46 0.195 ~= 0.010 0.255 2. 0.023 
Muscles 
Heart 480 2. 47 950 2. 93 2690 2. 300 1615 2. 155 0.245 ~ 0.023 0.725 2. 0.065 
Skeletal 300 2. 27 530 2. 50 105 -t- 10 750 2. 69 0.11 ~ 0.009 0.092 zlz 0.009 
Haemolysate* 696 :t= 68 787 2. 80 11,666 2. 1000 17,900 • 1340 4.12 2. 0.04 6.98 2. 0.07 

* Units/ml. W.t.wt, wet tissue weight; n = 10; C-activity-values are given in B.units/g w.t.wt. All values are X • SD. 

The f irs t  2 columns compare  the  SOD act ivi t ies  in contro l  
ra t s  and  ra ts  which have  been dr ink ing  H~Os solut ion for 
2 mon ths .  

The da t a  reveal  tha t ,  w i t h  the  excep t ion  of the  spleen, 
d r ink ing  H~Os solut ion increases t he  SOD ac t iv i ty  to a 
considerable  ex ten t .  Fo r  example ,  th is  increase is more  
t h a n  250% of the  cont ro l  value in the  liver. 

The second 2 series of columns compare  the  t issue per- 
oxidase  ac t iv i ty  changes.  The P act ivi t ies  are also in- 
creased,  wi th  the  one except ion  of h e a r t  muscle.  

However ,  the  largest  ac t iv i ty  changes  are observed in 
ca ta lase  as shown in the  table.  For  instance,  a f ter  pro-  
longed t-I20 2 intake,  the  C-ac t iv i ty  increase is abou t  6 
t imes  the  contro l  value in liver, and  more  t h a n  9 t imes  in 
kidney.  In  cont ras t ,  the  C-ac t iv i ty  decreases in spleen 
(to abou t  1/B), test is ,  bra in  and  skeletal  muscle.  
In  general ,  therefore ,  i t  can be said t h a t  prolonged in take 
H20 e solut ion br ings  abou t  an induc t ion  of the  P M E  in 
mos t  organs.  However ,  no exp lana t ion  can be given of 
why  cata lase  in spleen, test is;  b ra in  t issue and  skeletal  
muscle  do no t  f i t  th is  general  pic ture .  
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Summary .  GAD ac t iv i ty  and y-ABA con t en t  of w h e a t  embryos  a t  7 r ipening stages were verif ied wi th  the  aim of 
s tudy ing  the  metabol ic  ac t iv i ty  of embryo  dur ing  dehydra t i on  and quiescence of caryopsis,  D a t a  showed t h a t  in the  
ear ly  s tage of r ipening GAD ac t iv i ty  is ve ry  low, increases rap id ly  a t  dough-s tage,  r emain ing  co n s t an t  up to waxy-  
stage,  and decreases in the  last  ful ly-ripe embryos .  ;~-ABA co n t en t  appears  to  be roughly  paral lel  to  the  var ia t ions  
of GAD act iv i ty .  

S tudies  on the  me tabo l i sm of y -aminobu ty r i c  acid (~-ABA) 
in p lan t s  d e m o n s t r a t e d  t h a t  th is  amino  acid is formed 
f rom L-glu tamic  acid by  way  of L - g l u t a m a t e - l - c a r b o x -  
ylyase,  EC 4.1.1.15 (GAD). y-ABA, in turn,  en ters  the  
d icarboxyl ic  acid cycle as succinic acid, af ter  the  act ion 
of t he  2 succeeding enzymes  y -aminobu tyra te -~-ke tog lu -  
t a r a t e  aminot rans fe rase  (EC 2.6.1.19) and  succinic semi-  
a ldehyde  dehydrogenase  (EC 1.2.1.16)3,4. Some da t a  are 
also avai lable on the  var ia t ions  of GAD ac t iv i ty  and  
F-ABA con t en t  in p lan t s  S-L A paral lel  increase of b o t h  
were repor ted  to occur in leaves dur ing  senescence TM. 
In  the  p resen t  paper  we repor t  the  var ia t ions  of GAD 
ac t iv i ty  and of y-ABA c o n t e n t  occurr ing in w h e a t  em-  
bryos  dur ing  the  d e v e l o p m e n t  of the  seed. The aim was 
to s t u d y  some of the  metabol ic  processes  which  occur 
dur ing  the  r ipening of whea t  caryopsis  and to obta in  
p re l iminary  in format ion  corre la t ing these  processes wi th  
t he  onse t  of seed quiescence t h a t  is associa ted wi th  t he  
cessat ion of mi to t ic  ac t iv i ty  and  wi th  the  increasing 
d e h y d r a t i o n  dur ing  r ipening.  

Materials and methods. In  the  per iod f rom May to  June  
1976, seeds of d u r u m  w h e a t  c .v .  Cappelli  a t  d i f ferent  
s tages of r ipening were collected and  the i r  re la t ive  humid-  
i ty  was measured  wi th  a hygromet r i c  ba lance  (Ultrax-  
Simplex).  E m b r y o s  (embryo axis plus scutel lum) were 
isolated f rom ice-cold seeds, steri l ized wi th  1% NaC10, 
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GAD activity with or without PLP, ~-ABA content of embryos and percent relative humidity of seeds from ripening durum wheat 

Ripening stages of seeds Relative humidity (%) GAD activity (ILl CO~/min/mg protein) ~-ABA ([xg/g dry wt) 
- PLP + PLP 

Milky-ripe 75.5 4.85 4- 0.927 5.02 4- 0.433 125.93 4- 0.20 
Mealy-ripe 68.5 9.25 -4- 0.694 9.95 4- 0.759 170.52 -t- 0.04 
Mealy-dough-ripe 63.0 13.41 -4- 0.592 14.25 i 0.427 180.28 4- 1.35 
Dough-ripe 50.5 13.13 4- 0.096 14.72 4- 0.014 178.18 -t- 0.14 
Dough-waxy-ripe 38.5 13.32 -t- 0.315 15.16 -1- 0.041 177:97 -1- 0.77 
Waxy-ripe 35.5 13.98 4-4- 0.221 14.55 4- 0.108 179.92 4-4- 1.10 
Fully-ripe 11.5 12.03 4- 0.150 13.60 4- 0.176 146.80 -t- 0.60 

Values are means i SD. 

a n d  t h e i r  GAD a c t i v i t y  a n d  ;~-ABA c o n t e n t  measured .  
GAD was e x t r a c t e d  as descr ibed  in a p rev ious  p a p e r  11 a n d  
t he  e n z y m e  a c t i v i t y  was m e a s u r e d  in t he  p resence  or 
absence  of 10 -4 M p y r i d o x a l - 5 ' - p h o s p h a t e  (PLP) .  v - A B A  
d e t e r m i n a t i o n  was  ca r r ied  o u t  on  pro te in- f ree  e x t r a c t s  
p r e p a r e d  as follows: b a t c h e s  of 200 e m b r y o s  were boi led 
in 80% e thano l ,  homogen ized  w i t h  twice  t he i r  we igh t  of 
a l u m i n a  and  e x t r a c t e d  for 2 h in t he  cold room (2-3 ~ 
w i t h  80% e t h a n o l  acidif ied to p H  3 w i t h  glacial  acet ic  
acid.  Af te r  c e n t r i f u g a t i o n  of the  e x t r a c t  ( abou t  2 ml), gla- 
cial  acet ic  acid (30 drops)  was  added  to t he  s u p e r n a t a n t  
a n d  t he  p r ec ip i t a t e  so fo rmed  spun  down  b y  a second cen- 
t r i fuga t ion .  The  s u p e r n a t a n t  was  dr ied  w i t h  a r o t a t o r y  
evapo ra to r ,  solubi l ized w i t h  a b o u t  0.1 ml  of 10% iso- 
p r o p a n o l  acidif ied w i t h  37% hydroch lo r i c  acid (1 d rop  
pe r  100 ml) a n d  t h e n  ana lyzed  b y  t h i n  layer  c h r o m a t o g -  
r aphy .  2d imens iona l  c h r o m a t o g r a p h y  was effected us ing  
t h e  fol lowing sys t ems :  f i r s t  d imens ion ,  1 -bu tano l / ace t i c  
a c i d / w a t e r  (80 : 20 : 20) ; second d imens ion ,  e t h a n o l  70%/  
w a t e r  (70: 30). Q u a n t i t a t i v e  d e t e r m i n a t i o n s  of ~-ABA, ex- 
t r a c t e d  f rom n i n h y d r i n - s t a i n i n g  spots  w i t h  1.2 ml  of 
ace tone /g lac ia l  acet ic  acid (8 : 2), were pe r fo rmed  spect ro-  
p h o t o m e t r i c a l l y  a t  505 n m  us ing  a c a l i b r a t i on  cu rve  ob-  
t a i n e d  w i t h  s t a n d a r d  v - A B A  solut ions .  To ta l  p r o t e in  was 
m e a s u r e d  b y  b i u r e t  m e t h o d  1~. 
Resul ts  and  discussion. T he  t ab l e  s u m m a r i z e s  t he  va lues  
of GAD ac t iv i t i e s  and  ? - A B A  levels of w h e a t  e m b r y o s  a t  
t he  d i f fe ren t  s tages  of r ipening ,  as def ined b y  m o r p h o -  
logical  aspec t s  10 a n d  b y  t he  pe r cen t  r e l a t ive  h u m i d i t y  of 
t h e  seeds. The  G A D  a c t i v i t y  h a d  a v e r y  low level  in  
mi lky- r ipe  seeds and  increased  s ign i f i can t ly  in  mea ly -  
r ipe a n d  dough- r ipe  embryos ,  r e m a i n i n g  c o n s t a n t  up  to 
t he  waxy- r ipe  s tage  of r ipening .  F ina l ly ,  i t  decreased  sig- 
n i f i can t ly  in ful ly-r ipe  e m b r y o s  r each ing  va lues  close to 
those  obse rved  in a f te r - r ipe  n o n - d o r m a n t  e m b r y o s  14. The  
a d d i t i o n  of P L P  to  t he  e m b r y o  e x t r a c t s  e n h a n c e d  t he  
G A D  a c t i v i t y  a t  all  s tages  of r i pen ing  b u t  t he  re la t ive  
changes  in a c t i v i t y  d u r i n g  r ipen ing  appea red  unchanged .  
The  v a r i a t i o n s  of y -ABA c o n t e n t  closely para l le led  t he  
changes  of G A D  a c t i v i t y  a t  m o s t  r i pen ing  stages.  How-  
ever,  s ign i f i can t ly  lower va lues  of y -ABA were obse rved  
a t  b o t h  t he  b e g i n n i n g  a n d  t he  end  of seed r ipening .  The  
v a r i a t i o n s  of GAD ac t iv i t i e s  d u r i n g  t he  r i pen ing  of w h e a t  
seeds could be  exp la ined  in a t  leas t  3 ways :  a) i nh ib i t i on  
b y  nuc leo t ides ;  b ) i n t e r c o n v e r s i o n  be t w een  forms  w i t h  
d i f fe ren t  ac t iv i t i es ;  c) dif ferences  in t h e  r a t e s  of syn thes i s  
a n d  b r e a k d o w n  of t he  e n z y m e  molecule.  I t  appea r s  
t h a t  t he  f i rs t  h y p o t h e s i s  could  be  ru led  ou t  on  t he  basis  
of t he  A T P  va lues  m e a s u r e d  in deve lop ing  w h e a t  ca ry-  
opsis  15. 
Our  d a t a  on  G A D  levels in  d r y  seeds a n d  t he  v a r i a t i o n  of 
GAD a c t i v i t y  d u r i n g  ear ly  g e r m i n a t i o n  are  more  com- 
pa t i b l e  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  increase  in e n z y m e  

level  resu l t s  f rom 'de  novo '  syn thes i s  11. Moreover ,  pre-  
l i m i n a r y  d a t a  on t he  R N A  c o n t e n t  of w h e a t  seeds du r ing  
t h e  r ipen ing  per iod  ind ica t ed  a m a r k e d  increase  of t o t a l  
R N A  a t  t h e  ear ly  phases  of t h e  process  (Grilli e t  al., 
u n p u b l i s h e d  da ta) .  
On  t he  o t h e r  h a n d ,  t he  d rop  in G A D  a c t i v i t y  du r ing  t he  
l a s t  s t age  of r ipen ing  could be  exp la ined  b y  b r e a k d o w n  of 
t he  e n z y m e  molecule  as a consequence  of an  e n h a n c e m e n t  
of p ro t eo ly t i c  ac t iv i t i es  u n d e r  wa te r s t r e s s  conditions1% 
I n  th i s  con tex t ,  t h e  occurrence,  in  t h e  las t  s tages  of w h e a t  
r ipening ,  of endogenous  inh ib i to r s  of g e r m i n a t i o n  1~ which  
m i g h t  c o n t r i b u t e  to  the  quiescence  of seeds in re la t ion  to  
t h e  inc reas ing  d e h y d r a t i o n ,  could d e t e r m i n e  t h e  r educ t ion  
of GAD ac t iv i ty .  A l t e rna t ive ly ,  t h e  presence  of less s t ab le  
e n z y m e  forms  ha s  been  p roposed  18. 
The  changes  of y -ABA c o n t e n t  d u r i n g  t he  r ipen ing  could 

b e  d i rec t ly  l inked  to  t he  para l le l  v a r i a t i o n  of G A D  ac t iv i ty .  
I t  shou ld  be considered,  t hough ,  t h a t  t he  y -ABA level is 
l ike ly  to  be  t he  r e s u l t a n t  of i ts  r a t e  of p r o d u c t i o n  b y  GAD 
a n d  i ts  u t i l i za t ion  t h r o u g h  t he  ' y - A B A - s h u n t '  3, 4. 
W h a t e v e r  t he  m e c h a n i s m  regu la t i ng  t he  y - A B A  concen-  
t r a t i o n  m a y  be, i t  is i n t e r e s t i ng  t h a t  t he  h ighes t  level of 
~ -ABA is obse rved  d u r i n g  t he  s lowing down  of t he  g r o w t h  
processes  r e l a t ed  to seed d e h y d r a t i o n .  S imi lar  observa-  
t ions  were r epo r t ed  for ag ing  leaves  of l egouminous  
p l a n t s  19 and  for  r ipen ing  m a n g o  f ru i t s  ~0. T h e  exci t ing  

h y p o t h e s i s  could be ra ised t h a t  v - A B A  (which  does no t  
e n t e r  p ro t e in  synthes is )  could p l a y  a r e g u l a t o r y  role in 
d e t e r m i n i n g  p ro t e in  t u r n o v e r  ra tes .  A t t e m p t s  are in  
process  to  p rov ide  e x p e r i m e n t a l  s u p p o r t  for th i s  h y p o t h -  
esis. 
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