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In  cont ras t  to this, Zn ++ ions a t  the  same concent ra t ion  
inhib i t  its ac t iv i ty  by  app rox ima t ive ly  80 %. At  abou t  f ive-  
fold h igher  concen t ra t ion  of Mn ++, the  enzyme  inhibi ted  
b y  zinc ions regains its original  ac t iv i ty ,  indica t ing  com- 
pe t i t ion  be tween  the  two ions. Other  b iva len t  me ta l  ions 
possess non-specific act ion on the enzyme  ac t iv i ty ,  e i ther  
inhibi t ion (Ca++, Cu++) or  ac t iva t ion  (Mg++, Fe++, Co++), 
b u t  only  to a sl ight degree. Phospha te  ions in a concen-  
t r a t ion  of 0.1 M decrease the  enzyme  a c t i v i t y  by  70%. 
In the  presence of Versene (0.02 M), ac t iv i ty  is lowered to 
1/7 of t h a t  or iginal ly  present .  The  o p t i m u m  p H  in the  
presence of Mn++ ions lies a t  abou t  p H  9.0, and a t  p H  8.5 
in the  absence of the  ac t iva tor .  

Dur ing  electrophoresis  on a s tarch  block a t  p H  8.6 
diesterase moves  toward  the  anode, i nd i ca t i ng  the  acid 
charac te r  of the  enzyme.  Most  of the  inac t ive  proteins  are  
separa ted  f rom the  diesterase ac t iv i ty .  

The  enzyme is re la t ive ly  stable a t  a lkal ine pHi  A loss of 
a p p r o x i m a t i v e l y  30 % of its a c t i v i t y  occurs when i t  is s tored  
in 0.1 N N a O H  at  0 °, and 80% at  37 ° dur ing  1 h. In  an 
acid solut ion (pH less t h a n  4.0) the  enzyme  is qu ick ly  in- 
ac t iva ted .  I t  is also thermolabi le ,  losing 4/5 of its original  
a c t i v i t y  when  hea ted  to 70 ° a t  p H  6.5 for 5 rain. Appre-  
ciable loss of a c t i v i t y  does no t  t ake  place when  the  
par t ia l ly  purif ied enzyme  is s tored  in the  frozen s ta te  
( - -12 °) for several  months  and repea ted ly  t hawed  and 
frozen. 

Phosphodies terase  causes hydrolysis  of yeas t  R N A ,  
R N A  isolated f rom Th. thioparus cells (RNA-Th)  by  
phenol  extract ion*,  D N A  from the  t h y m u s  (commercial)  
and the  'core '  of yeas t  R N A  obta ined  by  exhaus t ive  
digest ion of IRNA wi th  pancrea t ic  r ibonuclease s. I f  one 
of the  above-ment ioned  h igh ly  po lymer ized  polynucleo-  
t ides  is used as the  substra te ,  Mn++ ions do no t  ac t iva te  
t he  enzyme.  The  fas tes t  ra te  of hydrolys is  is observed 
wi th  IRNA-Th, and the  slowest  wi th  the  'core ' .  The  enzyme  
also digests syn the t ic  polynucleot ides  ~ such as poly-  
adenyl ic  acid (poly A) and o ther  pur ine  and pyr imid ine  
3",5'-oligo-nucleotides. The  hydro lysa te  of poly  A was 
subjec ted  to c h r o m a t o g r a p h y o n  DEAE-ce l lu lose  co lumn 10. 
The  elut ion pa t t e rn  of the  hydrolys is  p roducts  present  is 
shown in Figure  2a. As the  main  products ,  adenosine 
(46%) and adenos ine-5 ' -phospha te  (31%) were found 
besides small  amoun t s  of oligonucleotides.  The  adenosine 
is the  resul t  of the  presence o f  5 ' -nucleot idase in the  
p repara t ion  of diesterase,  as men t ioned  before. Adenosine  
and adenos ine -5 ' - phospha t e  were ident i f ied by  pape r  
c h r o m a t o g r a p h y  in so lvent  sys tem:  e t h a n o l - a m m o n i u m  
ace ta te  ~ and RI  values  in W h a t m a n  3 MM paper  were 
0.70 and 0.21 respect ively.  Adenos ine-5 ' -phospha te ,  re- 
covered f rom the  co lumn when incuba ted  wi th  5 '-nucleo- 
t idase isolated f rom the  cells of Th. thioparus, was 
q u a n t i t a t i v e l y  t rans formed  to adenosine (Figure 2b). 

Adenos ine-3 ' -phospha te  was comple te ly  res is tant  to this  
enzyme.  

The  fract ion emerged  f rom the  co lumn at  h igher  con- 
cent ra t ions  of a m m o n i u m  b icarbona te  (labelled (pA)x in 
the  Figure  2 a) was first  ch roma tog raphed  on pape r  in t he  
above  solvent  sys tem (the R f  was de te rmined  to be 0.09), 
e luted f rom the  paper,  incuba ted  wi th  pur i f ied snake 
v e n o m  diesterase ~ and then  r ech romatographed  under  
the  same condit ions.  The  spot  of adenos ine-5 ' -phospha te  
was only found (Figure 2b). Because  the  snake v e n o m  
diesterase is a lmos t  wi thou t  a c t i v i t y  on ol igonucleot ides 
wi th  3"-phosphomonoester  end groups is, i t  m u s t  be as- 
sumed  t h a t  ol igonucleotides formed by  diesterase f rom 
Th. thioparus are  t e rmina t ed  wi th  5 ' -phosphomonoes te r  
end groups. 

F r o m  results  repor ted  above  i t  can be concluded t h a t  
t he  enzyme  from Th. thioparus spli ts  off t he  dies ter  
l inkages of phosphor ic  acid in posi t ion 3' of polynucleot ide  
chain.  Dur ing  the  ini t ial  s tage of the  enzymic  ac t ion  in the  
presence of an  excess of substra te ,  chiefly 5 ' -mononucleo-  
t ides  and smal l  amoun t s  of ol igonucleot ides  were found.  
Hence,  i t  m u s t  be assumed t h a t  phosphodies terase  causes 
gradual  degrada t ion  of po lynucleo t ide  l ibera t ing  5'- 
phosphonucleot ides  14 

Inves t iga t ions  on fur ther  pur i f ica t ion  of the  enzyme  
a n d  i ts  specif ici ty are under  w a y  and will be publ ished 
elsewhere.  

Rdsumd. La phosphodiest6rase  a 6t6 isol6e des cellules 
du Th. thioparus et  pa r t i e l l ement  purifi~e. Cet te  enzyme  
hydrol ise  les polynucl6ot ides  jusqu 'k  5 ' -mononucleot ides .  
ElM est  sF6ei f iquement  act iv6e par  les ions du Mn++ et  
inhib6e par  les ions du Zn ++. Son p H  o p t i m u m  est compris  
ent re  8,5-9,0. L ' e n z y m e  est  thermolab i le  et r e l a t i vemen t  
r6sis tante en milieu alcalin.  
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I n v e s t i g a t i o n s  on A u x i n - G i b b e r e l l i n  I n t e r a c t i o n  
on  the  G r o w t h  M e c h a n i s m  of H e l i a n t h u s  a n n u u s  

S e e d l i n g s  

The  p rob lem of auxin-gibberel l in  in te rac t ion  on the  
mechan i sm of growth  process could be discussed f rom two 
dif ferent  points  of view. The  a im of the  present  research is 
to ve r i fy  the  va l id i ty  of these  two  ideas and hence to ex- 
plain the  na tu re  of th is  in te rac t ion  on the  g rowth  of 
Helianthus annuus seedlings. 

Method. The germina t ing  achenes Of Helianthus were 
sown in glass tubes  conta in ing  a m ix tu r e  of soil and 
washed sand;  these were p l a c e d  on a ve r t i ca l  k l inos ta t  
under  dayl ight .  Af te r  a per iod of 6 days,  the  s t ra igh t  

hypocoty ls ,  of l ength  app rox ima te ly  5 cm, were  selected 
to  be decapi ta ted .  The  decapi ta t ion  was done exac t ly  f rom 
the  base of the  co ty ledons  which are known to serve as 
aux in  sources to the  developing  plant .  These seedlings 
were then  Ieft in comple te  darkness  for a per iod of 10 h, 
to ensure the  thorough  r emova l  of all  endogenous auxins.  
Af t e r  this procedure,  capi l la ry  tubes  of length  2.5 cm 
conta in ing  10-5 Mol isomolecular  solutions of indole acet ic  
acid (IAA), naph ta lene  acet ic  acid (NAA) and gibberel l in 
(GB) respect ively ,  were placed on the  apex of the  hypo-  
cotyls.  As control  sets, hypoco ty l s  bear ing  capi l lary  tubes  
wi th  disti l led wa te r  were used. Fo r  the  measu remen t s  of 
t he  combined  act ion of GB wi th  I A A  and NAA,  a mix tu re  
of equa l  vo lumes  of i somolecular  (10 -5 Mol) solutions of 



15. IX. 1961 Brevi comunicazioni - Brief Reports 401 

I A A - G B  a n d  N A A - G B  were  appl ied .  T h e  p l a n t s  were  
p laced  close in  f r o n t  of a screen  of E i d i n g e r  p a p e r  a n d  
were  le f t  in  c o m p l e t e  d a r k n e s s  a t  r o o m  t e m p e r a t u r e  
(24 ± 2°C) a n d  re l a t ive  h u m i d i t y  78% for t he  whole  of 
t he  e x p e r i m e n t a l  per iod.  Af t e r  h a v i n g  n o t e d  t h e  in i t i a l  
h e i g h t  of t h e  hypoco ty l s ,  m e a s u r e m e n t s  were  t a k e n  u n d e r  
r ed  l igh t  on  t h e  4 th ,  6 th ,  a n d  24 th  h,  as i n d i c a t e d  b y  t h e  
c h a n g e  in  level  of  t h e  re f lec t ion  on  t h e  screen  of t h e  ba se  
of t h e  cap i l l a ry  tubes .  T h e  va lues  o b t a i n e d  were  p l o t t e d  
a g a i n s t  t i m e  as  absc i ssa  a n d  s t r a i g h t  g r o w t h  as  o rd ina t e ,  
t h e  g r o w t h  b e i n g  m e a s u r e d  as r e l a t ive  va lues  of t h e  
con t ro l  set .  A measu re  of s ignif icance was  p e r f o r m e d  for 
e ach  exposure  t i m e  in each  series. 

Results. T h e  i n d i v i d u a l  a n d  t h e  c o m b i n e d  ac t ions  of G B  
w i t h  a u x i n s  a re  s u m m a r i z e d  in t h e  F igure .  

As t h e  F i g u r e  d e m o n s t r a t e s ,  t h e  m a x i m u m  g r o w t h  
r e a c t i o n  was  p r o d u c e d  b y  I A A  w h i c h  showed  t h e  s t eepes t  
g r a d i e n t  c o m p a r e d  w i t h  t h e  o t h e r  two  g r o w t h  regula tors ,  
G B  p r o d u c e d  a m i n i m u m  a c t i o n  a n d  N A A  was in  be tween .  
Af t e r  h a v i n g  o b t a i n e d  the se  resul ts ,  t h e  aux in -g ibbe re l l i n  
i n t e r a c t i o n  on  t he  s ame  e x p e r i m e n t a l  obj ect  was  ana lysed .  

As  seen f rom the  F igure ,  t h e  I A A - G B  g r a p h  was m o r e  
p r o n o u n c e d  t h a n  t h e  N A A - G B ,  ye t  t h e  I A A - G B  effect  was  
n e a r l y  t he  s a m e  as  t h a t  of IAA,  for  t h e  vMues  of b o t h  
t he se  c u r v e s  do, in  general ,  co r respond .  T h e  s t a t i s t i c a l  
c a l cu l a t i ons  r evea led  t h a t  t h e  va lues  of  I A A - G B  a n d  I A A  
r e spec t i ve ly  were  ins ign i f ican t .  T h e  N A A - G B  g r a p h  a n d  
t h e  N A A - c u r v e  fol lowed a s imi la r  p a t h  u p  to  t h e  4 t h  h, 
h e n c e f o r t h  t he  N A A - G B  g r a p h  d ive rged  s t r o n g l y  to  follow 
a para l l e l  p a t h  w i t h  t h e  N A A - c u r v e  b u t  o n  a h ighe r  level ,  
in  a c c o r d a n c e  w i t h  t h e  s igni f icance  of t h e  N A A - G B  a n d  
N A A  va lues  a f t e r  t h e  4 th  h.  

Discussion. T h e  effec t  of  a u x i n s  a n d  g ibbere l l in  o n  t h e  
g r o w t h  process  of p l a n t s  h a s  b e e n  s u b j e c t e d  to  m u c h  
de t a i l ed  research ,  a n d  i t  was  conc luded  t h a t  G B  a lone  h a d  
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The effect of IAA, NAA, GB, and IAA-GB, NAA-GB on the straight 
growth of Helianthus annuus seedlings, Abscissa: time in h and 

growth of control set. Ordinate: straight growth in cm. 

v e r y  l i t t l e  ef fec t  on  t h i s  process.  BRIAN a n d  HEMMING l-s,  
b y  a p p l y i n g  a G B  so lu t ion  on  t he  s h o o t  of pea  seedlings,  
f ound  a n  increase  in  g rowth .  K u s E  4, in  his  e x p e r i m e n t s  on  
d e b l a d e d  pe t io les  of I p o m o e a  B a t a t a s ,  c a m e  to  t he  con-  
c lus ion t h a t  G B  appl ied  a lone  p r o d u c e d  a v e r y  s l igh t  
g rowth ,  th i s  be ing  in good a g r e e m e n t  w i t h  t h e  f ind ings  of 
t h e  p r e s e n t  research .  On t h e  o t h e r  h a n d ,  WAREING 5, b y  
a p p l y i n g  G B  on  t h e  c a m b i a l  regions  of w o o d y  d ico ty l edons ,  
no t i ced  v e r y  l i t t l e  e a m b i a l  ac t iv i ty .  Th i s  l imi t ed  a c t i o n  of 
t h e  c o m p o u n d  on  t h e  c a m b i a l  reg ion  also exp la ins  t h e  
smal l  e f fec t  of G B  o n  g rowth .  As a l r e a d y  k n o w n  in  t h e  
r e l e v a n t  l i t e ra tu re ,  in  t h e  p r e s e n t  r e sea rch  too,  t h e  appl i -  
c a t i o n  of N A A  a n d  espec ia l ly  of I A A  increased  t h e  
g rowth .  

H a v i n g  o b s e r v e d  t he  sole ef fec t  of  G B  on t h e  g r o w t h  
process ,  t h e  aux in -g ibbe re l l i n  i n t e r a c t i o n  a t t r a c t e d  t h e  
a t t e n t i o n  of  severa l  r e sea r ch  workers .  A m o n g  t h e m ,  
HAYASHI a n d  MURAKAMI s, b y  t r e a t i n g  I A A - e x t r a c t s  of 
s eve ra l  d i f f e ren t  p l a n t s  w i t h  GB,  cou ld  f ind  no  inc rease  in  
t h e  c o n v e r s i o n  of t r y p t o p h a n  in to  IAA.  PILET 7 no t i c ed  
t h e  decrease  in t h e  I A A  oxidase  a c t i v i t y  in vivo, u n d e r  t h e  
effect  of G B ;  h e n c e  h e  conc luded  t h a t  G B  ac ts  o n  t h e  
g r o w t h  process  b y  e l i m i n a t i n g  t h e  I A A  oxidase  de s t ruc -  
t ion .  BRIAN a n d  HEMMING 1-3 o b s e r v e d  t h a t ,  w h e n  G B  is 
app l i ed  to  pea  i n t e rnodes ,  t h e  g r o w t h  p r o d u c e d  is t h e  
s ame  as  t h a t  of u n t r e a t e d  p l an t s .  Hence ,  G B  can  on ly  a c t  
in  t h e  p re sence  of a n  a u x i n  such  as I A A  in  t h e  a m b i e n t  
m e d i u m .  K u s E  4, s imi la r  to  t he  l a t t e r  i nves t iga to r s ,  
no t i ced  t h a t  G B  p r o m o t e s  g r o w t h  on ly  in t h e  p resence  of 
IAA.  O n  t h e  o t h e r  h a n d ,  acco rd ing  to  PURVES a n d  HILL- 
MAN8 t h e  p r i m a r y  effects  of G B  a n d  I A A  are  c o m p l e t e l y  
i n d e p e n d e n t  of one  a n o t h e r ,  a n d  w h e n  app l i ed  t o g e t h e r  
t h e i r  c o m b i n e d  ac t ion  is on ly  p a r t l y  a d d i t i v e .  A c c o r d i n g  
to  t he se  d i f fe ren t  obse rva t i ons ,  t h e  two  c o n c e p t s  w h i c h  
could  exp lMn the  a u x i n - g i b b e r e l l i n  i n t e r a c t i o n  a re  t h a t :  
e i t h e r  G B  ac t s  t h r o u g h  a n  a u x i n - m e d i a t e d  m e d i u m ,  or  
else t he  ac t ion  of G B  is i n d e p e n d e n t  of o t h e r  g r o w t h  
r e g u l a t i n g  sys t ems .  T h e  r e su l t s  of t h e  p r e s e n t  p a p e r  show 
t h a t  t h e  a u x i n - g i b b e r e l l i n  i n t e r a c t i o n  c a n n o t  be  in te r -  
p r e t e d  ful ly  w i t h  e i t h e r  of these  two  concep t s ,  b u t  t h a t  
t h e  ef fec t  of G B  d e p e n d s  o n  t he  n a t u r e  of t h e  aux ins .  Th i s  
is c lea r ly  s h o w n  in  t h e  r e su l t s  o b t a i n e d ,  n a m e l y  t h a t  
wh i l s t  G B  a d d e d  to I A A  showed  p rac t i ca l l y  no  d i f f e ren t  
ef fec t  f rom I A A  alone,  y e t  G B  a d d e d  to  N A A  was  signifi-  
c a n t l y  a d d i t i v e  c o m p a r e d  to  N A A  a f t e r  t he  4 th  h L  

Rdsumd. L ' a u t e u r  a 6 tudi6  l ' a c t i o n  combinSe  des 
g ibbere l l ines  e t  des  aux ine s  chez  t ' h y p o c o t y l e  de l'He- 
lianthus annuus. L ' a e t i o n  de  A I A  + G B  n ' a  pa s  6t6 
d i f fSrente  de Fac t i on  de  I ' A I A  seule,  t a n d i s  que  I ' A N A +  
G B  a eu u n  ef fe t  p r o m o t i f  que  n ' a v a i t  pas  I ' A N A  seule.  
D'oh l ' o n  p e u t  dSduire  que  c e t t e  ac t ion  combin~e  d S p e n d  
de la n a t u r e  de l ' aux ine .  
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