
1296 Specialia EXPERIENTIA 26/12 

Inhibition of Gibberellic Acid Biosynthesis by Chorionic Gonadotrophin During Cereal Grain Ger- 
mination 

I t  has  been suggested ~,~ t h a t  a gonadot rophin- l ike  
g rowth  regula t ing fac tor  m a y  be p re sen t  in plants .  I t  
was proposed t h a t  th is  factor  m i g h t  be involved in the  
regulat ion of endogenous  gibberei l in levels since these  
were repor ted ly  lowered in the  presence of c h u m a n  horionic 
gonado t roph in  (HCG). However ,  t h e y  were assayed by  
t r ea t ing  embryoless  bar ley endospe rm halves  w i th  ex t rac t s  
and  measur ing  reducing sugar  release 8. In t r ins ica l ly  th is  
m e t h o d  is no t  ent i re ly  sa t i s fac tory  ~,5 and, since i t  was 
found at  the  same t ime  t h a t  HCG would inh ib i t  reducing 
sugar release in response to gibberell ic acid (GA), the  
exact  significance of the  results  m u s t  be open to  doubt .  
On the  o ther  hand,  since no po lypep t ide  or g lycoprote in  
hormone- l ike  subs tance  has been repor ted  in plants ,  i t  
seemed wor thwhi le  to clarify the  s i tuat ion.  For  this  pur-  
pose the  germina t ing  bar ley  grain was chosen since in 
i t  gibberell in synthes is  and  secre t ion (in the  embryo)  are 
readi ly separa ted  f rom gibberell in act ion (on the  aleurone).  

The bar ley  used was a sample  of Proctor ,  dehusked  by  
t r e a t m e n t  w i th  50% H2SO 4 and  s tored a t  4~ Whole  
grains or 2 m m  endospe rm slices were weighed in groups  
of 10 and  incuba ted  for 26 h a t  25 ~ in 4 ml  of solut ion 
as indica ted  below. I ml  M NaC1 was added  to  the  solut ions 
before homogeniz ing  in a glass (hand) homogenizer .  The 
homogena tes  were left  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 (MSE bench  centr ifuge,  5 min  speed 
10). e -Amylase  ac t iv i ty  in the  s u p e r n a t a n t  was  assayed 
at  25 ~ by  the  iod ine-dex t r in  colour m e t h o d  of BRIGGS% 

The results,  t abu l a t ed  below, indicate  t he  re la t ive  acti-  
vit ies of ~-amylase released in t e rms  of the  ra te  cons tan t s  
for the  react ion and  expressed in a rb i t r a ry  uni ts  (AU) 
per  g fresh weigh t  as descr ibed by  DUFFUS 7. 

H u m a n  chorionic gonadot roph in ,  Stock No. CG-B from 
the  Sigma Chemical  Corporat ion at  a specific ac t iv i ty  of 

Relative activities of cr released in terms of the rate constants 
for the reaction in intact barley grains and endosperm slices 

Material Addition e-amylase 
activity 
in AU/g 
fresh wt. �9 

2800 I U / m g  was used. This  p repa ra t ion  conta ined  no 
addi t ives  bu t  its low specific ac t iv i ty  indicates  t h a t  it  
m a y  con ta in  a lbumin  and dena tu red  HCG as impuri t ies .  

The results  show t h a t  HCG a t  a concen t ra t ion  of 7 IU /  
dish will inh ib i t  e -amylase  p roduc t ion  in in tac t  germi- 
na t ing  grains by  50%. Inh ib i t ion  is v i r tua l ly  comple te  a t  
a concen t ra t ion  of 140 IU/dish .  Gibberellic acid dependen t  
e -amylase  synthes is  in 2 m m  endospe rm slices is no t  
inh ib i ted  by  levels of HCG up to  280 IU/dish .  a-amylase  
ac t iv i ty  is unaf fec ted  by  HCG. 

Since HCG has no effect  on the  s t imula ted  ra te  of 
e -amylase  synthes is  in in tac t  grains incuba ted  wi th  GA s , 
where  the  GA s m u s t  be t r a n s p o r t e d  f rom the  micropile  
to  the  aleurone,  it  m a y  be concluded t h a t  t r a n s p o r t  of 
GA 3 f rom the  emb ry o  to the  a leurone layer  is no t  inhibi ted .  
HCG mus t  therefore  inh ib i t  e i ther  t he  syn thes i s  or secre- 
t ion of GA a. 

This is no t  t he  f i rs t  repor t  of an animal  hormone  
elicit ing a b iochemical  response  in p lan ts  since ecdysone,  
the  insect  g rowth  ho rmone  s t imula tes  g rowth  in dwarf  
pea seedlings in a man n e r  similar  to  t h a t  of GA3S. There  
m a y  well be others  and  it is possible t h a t  b ioassays  m u c h  
cheaper  and  s impler  t h a n  those  cur ren t ly  in use for 
an imal  hormones  migh t  be devised using p lan t  tissues. 
A correla t ion be tween  the  var ious  act ivi t ies  of t he  h o rmone  
would have  to be d e m o n s t r a t e d  in th is  event .  

So far no specific factor  control l ing GA b iosynthes i s  
in p lan ts  has been  described.  E n v i r o n m e n t a l  factors  such 
as l ight  and cold influence GA b iosynthes i s  bu t  no t  w i th  
any  degree of specificity.  BRIAN a has  pos tu la ted  t h a t  GA 
b iosynthes i s  is control led in vivo by  the  p h y t o c h r o m e  
system.  I t  is unl ikely however ,  t h a t  p h y t o c h r o m e  is 
uniquely  concerned in GA b iosynthes i s  as it  has  been 
impl ica ted  in a wide range of physiological  phenomena .  

If, as we suggest,  a regula tory  subs tance  s imilar  to 
HCG and  control l ing GA biosynthesis ,  is p resen t  in germi-  
na t ing  bar ley  then  it m a y  form pa r t  of a general  mecha-  
n ism governing GA levels in plants .  For  example ,  dwarf ing  
of plants ,  f r equen t ly  a resul t  of a lowered GA product ion ,  
m a y  be caused by  an overproduc t ion  of th is  HCG-like 
regula tory  substance .  Other  basic p l an t  processes in which 
GA is known  to  be concerned,  such as abscission ~~ 
senescence ~t and  d o r m a n c y  ~2 m a y  also involve th is  sub- 
stance.  

Intact grains 

Endosperm slices 

Distilled water 0.128 4- 0.02 
+ 140 IU b HCG <0.02 
+ 70 IU b HCG 0.05 4- 0.02 
+ 42 IU b HCG 0.04 4- 0.02 
+ 14 IU b HCG 0.064 • 0.03 
+ 7 IU b HCG 0.061~ 0.035 
+ 3 IU b HCG 0.108 :j: 0.03 
5 • 10-SM GAg 0.294 ~: 0.08 
+ 280 IU HCG 0.308 :t: 0.08 

Distilled water < 0.02 
5 x lO-SM GA 3 0.126 • 0.01 
+ 280 IU HCG 0.115 4- 0.02 
+ 140 IU HCG ' 0.129 • 0.03 
5 x 10 -s M GA 3 
+ 280 IU HCG 0.126 4- 0.02 
added just before assay 

Each result is the mean of at least 3 experiments ~: S.D. �9 AU, 
arbitrary units, b IU, international units of HCG. 
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Final ly,  i t  would  be in teres t ing to know the  effect of 
HCG on GA product ion  by  Fusarium monili/orme, the  
original source of GAla;  if inhibi t ion occurs, conce ivably  
this  m a y  prove  the  ideal sys tem for e lucidat ing the  mode  
of act ion of H C G  at  the  molecular  levelt~. 

Rdsumd. La gonadot rophine  chor ionique peu t  arr~ter 
la product ion  de l ' e -amylase  pendan t  la germina t ion  des 
grains in tac ts  d 'orge.  Par  contre,  la synthbse de l ' e -amylase  
controll6e par  l 'acide gibberel l ique dans les sections de 
grains d 'orge sans embryon  n 'es t  pas modifi6e. La  

gonadot rophine  chor ionique doi t  donc arr~ter la syn- 
th~se ou la sgcr6tion de l 'acide gibberell ique.  
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Hepatic and Renal Neutral Angiotensinases 

Although neut ra l  angiotensinase ac t iv i ty  has been 
found in var ious  tissues, i t  is not  clear how m a n y  enzymes  
are involved.  The  propert ies  of p lasma angiotensinases are 
well documented  1; t hey  appear  to be different  f rom those 
of e ry th rocy te  angiotensinases 2 bu t  s imilar  to those of 
k idney  angiotensinases 3. L i t t l e  is known about  l iver  angio- 
tensinases. The  locat ion of k idney  angiotensinase in micro- 
somes 8, 4 and of l iver  angiotensinase in the  cell sap 5 sug- 
gests the  possibi l i ty  of two different  enzymes.  The  purpose 
of this  paper  is to fur ther  define and compare  the  propert ies  
of the  neut ra l  angiotensinases in liver, k idney  and erythro-  
cytes. 

Materials and methods. Subcel lular  fract ions of ra t  tis- 
sues were prepared according to the  me thod  of I~AGAB 
et al. 6 for the  l i ter  and to t h a t  of SHIBKO and TAPPEL 7 for 
the  kidney.  E ry th rocy te s  were separa ted  f rom ra t  blood 
taken  wi th  d isodium e thy lenediamine  te t racet ic  acid 
(EDTA-Na2) as ant i -coagulant .  Af te r  washing twice wi th  
0.9% saline, e ry throcytes  were hemolyzed by  adding an 
equal  vo lume  of disti l led water  and centrifuged.  The super- 
n a t a n t  was di luted to an appropr ia te  concent ra t ion  with  
distil led water.  Samples  of l iver  celt sap, k idney  microsomes 
or hemolysate ,  which conta ined 0.8 mg, 0.1 mg and 2 mg 
of protein,  respect ively,  were incubated  wi th  0.25-0.5 ~xg 
of angiotensin I I  or i ts analogues in 4 ml of 0 .125M tris- 
acetic acid buffer  (pI2I 7.5) at  37 ~ for 30 min. One par t  
of the  samples was dialyzed against  EDTA-Na~ solution 
(0.22% in 0.9% NaC1) and then  against  0.9% NaC1 
(2.5 mM).  Di th io thre i to l  (DTT) (1 raM), p-chloromercuri -  
phenyl-sulfonic acid (PCMS), d i - isopropylf luorophosphate  
(DFP) (1 drop of a 5% solution in w / v  isopropanol),  or  
(5 mM) CaC12 was added to the  incubat ion  mix ture  as acti-  
va to r  or inhibi tor .  Af te r  r emova l  of proteins  by boiling and 
centr ifugat ion,  the  remaining  angiotensin was bioassayed 
in the  rat,  using ~Asn~, ValS~-angiotensin I I  as s tandard.  
Angiotensinase ac t iv i ty  was defined as percentage  of 
angiotensin inac t iva ted  dur ing incubat ion.  

Results and discussion. The Table  shows effects of 
inhibi tors  and ac t iva tors  on angiotensinase ac t iv i ty  of 
liver, k idney  and e ry throcytes  on [Asn I, VaP]-angio-  
tensin I I .  Values are percentages of the  ac t iv i ty  compared  
to t h a t  of un t rea ted  samples. 

Angiotensinase ac t iv i ty  of these 3 kinds of samples was 
inhibi ted by dialysis against  an E D T A  solution and 
restored by  addi t ion  of CaC12 bu t  was not  inhibi ted by  
D F P .  The  ac t iv i ty  of l iver  cell sap and t h a t  of hemolysa te  
were also inhibi ted by  PCMS whereas  microsomal  angio- 

tensinase of the  k idney  was resis tant  to this  agent.  Dithio-  
thre i to l  p reven ted  this inhibi t ion.  

Inhibition and activation of angiotensinase activity at pH 7.5 

PCMS PCMS EDTA EDTA DFP 
+ DTT + Ca 

Liver cell sap 0 94 0 78 111 
Kidney microsome 97 102 9 98 99 
Helnolysate 0 87 0 90 100 

ITSKOVlTZ and MILLER 2 showed t h a t  mercury  com- 
pounds inhibi ted most  of the  angiotensinase ac t iv i ty  of 
hemolysa te  bu t  not  of plasma.  Our observat ion  on the  
e ry th rocy te  enzyme is consis tent  wi th  thei r  findings. 
I~OKUBU et al. s repor ted  tha t  a purif ied e ry th rocy te  
angiotensinase which cleaved the  2-3, 4-5 and 5-6 bonds 
of angiotensin was inhibi ted by  ei ther  E D T A  or D F P .  
They  also s ta ted  tha t  the  inh ib i tory  act ion of E D T A  was 
not  reversed by  calcium or o ther  d iva len t  cations. This  
discrepancy from our  observat ions  could be explained 
by the  existence of more than  one enzyme in the  hemo-  
lysate  9 or by differences in puri ty .  L iver  cell sap and 
hemolysa te  inac t iva ted  bo th  [Asp 1, Ileb~-angiotensin I I  
and [Asn 1, VaP]-angiotensin  I I ,  bu t  had l i t t le  effect on 
[Arg 1, I le ~]-angiotensin II .  

Thus, the  angiotensinase ac t iv i ty  of the  l iver  cell sap 
is similar to t h a t  of hemolysa te  bu t  different  f rom tha t  
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