
EXFERIENTIA 25/6 Specialia 581 

A Possible Role for Cyclic AMP in GibberelUc Acid Triggered Release of a -Amylase  in Barley 
Endosperm Slices 

a-Amylase  is released by  the  aleurone layer  in to  the  
s t a r chy  endospe rm dur ing bar ley germinat ion .  In  t he  
d e - e m b r y o n a t e d  grain th is  release can be effected by  the  
add i t ion  of the  p l an t  ho rmone  gibberellic acid and  has 
been shown to  involve  a de novo synthes is  of the  enzy me  L 

3' 5' Cyclic adenosine  m o n o p h o s p h a t e  (cyclic-AMP) has  
recent ly  been impl ica ted  as an in t e rmed ia te  in the  act ion 
of a n u m b e r  of ho rmones  2-4. In  addi t ion  i t  has  been shown  
to  cause secret ion of ~-amylase f rom the  ra t  sa l ivary  
gland 5. 

The concen t ra t ion  of cycl ic-AMP in the  cell is a funct ion  
of its ra te  of fo rma t ion  f rom A T P  by  adenyl  cyclase and  
its ra te  of b r eakdown  via a specific 3' 5' cyclic dies terase  
to AMP. Aminophyl l in  (theophyllin) is a compet i t ive  
inhib i tor  6 of the  diesterase and has been shown to cause 
an intracel lular  accumula t ion  of cycl ic-AMPL Thus any  
effect  due to the  act ion of cycl ic-AMP migh t  be expec ted  
to be increased in the  presence of this  inhibi tor .  

The p resen t  work  indicates  t h a t  cycl ic-AMP can t r igger  
~-amylase release in bar ley endosperm slices. I t  has  
fu r ther  been shown t h a t  aminophyl l in  has a similar effect.  

The bar ley used was a sample  of Marls Baldric, dehusked  
by  t r e a t m e n t  wi th  50% HzSO 4 and s tored at  4~ 2 m m  
endospe rm slices in groups of 10, were incuba ted  for 18 h 
a t  25 ~ in 4 ml of solut ion as indica ted  below. The slices 
were p re incuba ted  for 11/2 h a t  25 ~ wi th  4 ml dist i l led 
water  which was decan ted  off jus t  before addi t ion  of the  
solutions.  1 ml 2/I NaC1 was added to the  solutions before 
homogeniz ing  in a glass (hand) homogenizer .  The homo-  
genates  were lef t  to  s t and  for 1 h a t  room t e m p e r a t u r e  
before centr i fuging.  (M.S.E. bench centr i fuge speed 10.) 
~-Amylase ac t iv i ty  in the  s u p e r n a t a n t  was assayed a t  
25~ by  the  iod ine-dext r in  colour me thod  of BRIC;GS 8. 

The results, t abu la t ed  below, indicate  the  re la t ive  
act ivi t ies  of e -amylase  released, expressed in enzyme 
uni ts /g  fresh weight  of t issue as described by  DUFFUS. 9 

Cyclic AMP at  a concent ra t ion  of 10 5M s t imula tes  
gibbere]lic acid control led release of e-amylase.  Amino-  
phyllin,  on the  o ther  hand,  has  no s ignif icant  effect. This  
suggests  t h a t  the  local concent ra t ion  of cyclic A M P  is 
so high t h a t  effective compet i t ion  wi th  anainophyllin is 
p revented .  

E n z y m e  release due to  the  act ion of cyclic AMP and 
aminophyl l in ,  separa te ly  and in combinat ion ,  is abou t  
10% t h a t  wi th  gibberellic acid. The fact  t h a t  there  is no 
addi t ive  act ion is no tewor thy .  Fur thermore ,  ~-amylase 
release due to cyclic AMP increases wi th  increase in 
concent ra t ion  reaching a value of 111 enzyme uni ts /g fresh 
weight  of t issue a t  10 aM cyclic AMP. No e-amylase  
release was observed  using adenosine 5' m o n o p h o s p h a t e  
(5'-AMP) at  a concen t ra t ion  of 10 5M. 

The results  would suggest  t h a t  cyclic AMP is a pos- 
sible in t e rmed ia te  be tween  gibberellic acid s t imulus and  
e-amylase  release. Aminophyl l in  acts p re sumab ly  t h ro u g h  
inhibi t ion of the  3' 5' cyclic diesterase thus  p reven t ing  
cyclic AMP breakdown.  (Neither  cyclic AMP nor amino-  
phyl l in  has any  di rect  effect  on the  ac t iv i ty  of r 
in the  assay sys t em used.) 

P a r t  of the  act ion of gibberellic acid may  be analogous 
to t h a t  of o ther  ho rmones  which  appa ren t ly  act  by  s t imu-  
lat ion of a m e m b r a n e  bound  aden571 cyclase~0, n to give 
an increase in in t racel lular  cyclic AMP concent ra t ion .  
T h a t  gibberellic acid m a y  have  some effect on the  m e m -  
brane  was suggested by  MAcLEoD et al. 12 

I t  is probable ,  however ,  t h a t  gibberellic acid does more  
t h a n  increase the  cyclic AMP level since the  i n a x i n m m  

rate  of enzyme  release wi th  cyclic AMP is only 25% of 
t h a t  wi th  gibberellic acid. This of course m a y  be merely 
a funct ion  of the  re la t ive ease of pene t r a t i on  of the  2 
compounds .  

H o w  this  cyclic AMP effect  relates  to  the  s t imula t ion  
of nucleic acid and  pro te in  syn thes i s  by  gibberellic acid 1, is 
remains  to be elucidated14. 

Relative activities of r released by action of gibberellic 
acid, cyclic AMP and aminophyllin 

Addition cr 
activity 
in E U/g 
fresh weight 

Gibberellic acid (10-SM) 

Cyclic AMP (10-SM) 

Aminophyllin (10 ~M) 
Cyclic AMP (10-aM) 
5'-AMP (10 5M) 
Distilled water 

+ cyclic AMP (10 aM) 
+ Anfinophyllin (10 5M) 

+ Aminophyllin (10 5M) 

421 :~ 80 
711 • 50 
385 :k 170 

36 • 18 
24 =L 4 

19 ~- 7 
111 i 25 
< 5  
%5 

Each result is the mean of at least 3 experiments ~_ standard deviation. 

Rdsumd. L'ad6nos ine  m o n o p h o s p h a t e  cyclique peu t  
agir comme interm6diai re  dans  la synth~se, control6e par  
l 'acide gibberell ique,  de l '~-amylase  (~-l ,4-glucan-4-glu-  
canohydrolase)  darts des t r anches  de grains d 'orge  sans 
embryon ,  
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