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The physiological significance o f auxin oxidase is due to its ab ility  to  
convert ox idatively  the growth hormone o f p lan ts, the indol-3-acetic acid  
(IAA) to  an inactive substance [13 ,14 ]. Therefore, it was expected to  gain a 
deeper understanding o f som e m orphogenetic and growth processes by  
thorough exam ination o f th is enzym e [3, 7]. H ow ever, it becam e ev id en t th a t  
by investigations m erely on the enzym e and the substrate the know ledge  
of the physiological role o f the auxin oxidase cannot be approached, the differ­
ent inhibiting and coferm ent-like stim ulative phenols m ust be taken  into  
consideration as well [1, 5, 10]. R ecently the light-dependent form ation of 
these phenolic coferm ents was proved by a num ber of authors [1, 4 , 10], 
but as to their physiological effect opinions have not consolidated. D ealing  
w ith th is m atter the authors proposed to work out the following three problem s:

1) to  observe the changes of tota l phenol content and of the a c tiv ity  
of IAA oxidase in the course of growth;

2) to  exam in e t h e  role o f  phenols  in th e  a d a p t iv e  form ation  o f  IA A  
ox id ase  (report on th is  q uestion  w as a lready g iv e n  b y  Ga lsto n  an d  D a l ­
b e r g  [2] as well as b y  P il e t  [8]);

3) to  perform experim ents in order to find  out w hat m echanism  o f the  
auxin oxidase regulates the auxin level in v itro  and w hat is the role o f  the  
phenols in this process.

Material and m ethods

T h e  v a r ie ty  „ G y u la ta n y a i  édes”  o f L u p in u s  albus w as chosen as te s t  p la n t. T h e  t r e a t ­
m en t o f th e  sam ples v a r ie d  acco rd in g  to  th e  ob jec ts  o f th e  e x p erim e n t b u t  in  e v e ry  case  th e  
seeds w ere g e rm in a te d  in  a  d a rk  room  a t  25“ C te m p e ra tu re  a n d  th e n  b o th  th e  to o  ra p id ly  a n d  
too slow ly g e rm in a tin g  g ra in s  w ere  so rted  o u t. T he re m a in in g  hom ogeneous m a te ria l w as p o t te d  
in to  g a rd en  e a r th  c o n ta in in g  50 p e r cen t san d  an d  exp o sed  to  d irec t su n lig h t, fo r e ig h t h o u rs  
every  d a y . S u b seq u e n tly  p a r t  o f th e  seedlings w ere p laced  in to  d a rk n ess fo r 16 ho u rs  ( s h o r t-d a y  
tre a tm e n t)  a n d  th e  re s t  i llu m in a te d  from  a d is tan ce  of 1.5 m  w ith  a 100 W  fila m e n t b u lb  a lso  
fo r 16 ho u rs  (long-day  tre a tm e n t) .  F ro m  th e  leaves o f th e s e  seedlings th e  tw o y o u n g e s t b u t  
fu lly  dev elo p ed  ones w ere u se d  to  e s tim a te  th e  phenol lev e l a n d  th e  a c tiv ity  of IA A  o x id ase . 
T he phenol c o n te n t w as m ea su re d  acco rd ing  to  th e  m eth o d  o f S w a i n  and  H i l l i s  [12], w h e reas  
au x in  o x id ase  a c tiv ity  w as d e te rm in e d  in  W ARBUBG-apparatus as described  b y  S t u t z  [11]. 
T he d ia lysis o f th e  enzym e w as c a rried  o u t in  ta p w a te r  fo r  48 h o u rs . T he d ia lysed  en zy m e  w as 
a c tiv a te d  b y  2 ,4 -d ich lo ropheno l (D C P ) [11]. In  m easu rin g  en zy m e a c tiv ity  n o t on ly  th e  o x y g en
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c o n su m e d  d u rin g  th e  o x id a tio n  o f  IA A  w as m ea su re d  b u t  also th e  decrease o f th e  IA A  q u a n ti ty  
c o n tro l le d  b y  p ap er c h ro m a to g ra p h y  [3].

I n  th e  a d a p ta tio n  t e s t  th e  seedlings g e rm in a te d  in  th e rm o s ta te  w ere fu r th e r  held  in 
d a rk n e s s ,  on  25°C in  n u tr ie n t  so lu tio n  [3]. W hen  th e  seed lings a tta in e d  a c e rta in  h e ig h t, those  of 
55 to  60 m m  len g th  w ere se lec ted  a n d  su b jec ted  to  a d a p ta t io n  as follows. T he p la n ts  w ere  soaked 
— u p  to  th e  co ty ledons — in to  a so lu tio n  co n ta in in g  IA A  o f 0.1, 1.0 and  10.0 /(g /m l c o n ce n tra ­
t io n ;  th e  p H  of th e  so lu tio n  w as a d ju s te d  to  6.3 b y  p h o sp h a te  b u ffer. Seedlings p u t  in to  a buffer 
s o lu t io n  free  of IA A  se rv ed  a s  c o n tro ls . T he h y p o c o ty ls  o f th e  seedlings th u s  t r e a te d  were 
e x a m in e d  fo r phenol c o n te n t  a n d  a c t iv ity  of IA A  o x id ase . T o ta l p h eno l c o n te n t  is alw ays 
e x p re s s e d  in  feru lic  acid  e q u iv a le n ts .

A ll experim en ts  w ere  p e rfo rm e d  in  e igh t re p lica tio n s . W ith in  o rd in a ry  f lu c tu a tio n s  eaeh 
e x p e r im e n t  series supp lied  s ta tis t ic a l ly  confirm ed  re su lts  e asy  to  rep lica te ; th e se  a re  p resen ted  
in  ta b le s  an d  g raphs.

Results

1) Phenol level and a ctiv ity  o f  IA A  oxidase

Seedlings receiving short-day treatm ent did not reach the h eigh t o f long- 
d a y  treated  plants. In  the rough leaf ex tracts o f the former after a short lag- 
p h a se  th e  auxin oxidase acted  in tensively , whereas the lea f extracts o f  taller 
lo n g -d a y  treated plants did not decom pose the IA A . H owever, the correlation  
ex p e c te d  between p lant len gth  and IA A  decom position did n ot appear if  
d ia ly sed  extracts were used . So it is ev id en t th a t the action o f auxin  oxidase 
m a y  be related to the rate o f  growth only in d irectly , through substances inh ib it­
in g  enzym e activ ity  and ready for dialysis. This supposition is confirm ed by  
th e  fa c t  th at in long-day treated  plants — show ing no IAA oxidase a ctiv ity  — 
larger am ounts of phenol could be detected  than  in those grown under short 
d a y  conditions. R esults are presented in T able 1.

Table I

L en g th  o f  two weeks old L u p in u s  albus seedlings grow n under different light conditions, phenol 
content and  a u x in  oxidase ac tiv ity  o f  their leaves

Phenol activity  QOo Lag-phase
Length of the auxin

Treatm ent mm mg before after oxidase
per g d ry

weight dialysis

S h o r t-d a y ................... 64.5 25.6 9.8 4.9 0— 12

L o n g -d a y ................... 110.3 32.0 0.0 4.5 CO

During the vegeta tion  period the q u a n tity  of phenols successively  in ­
creased  even in plants o f  short-day treatm ent and soon attained the lev e l inh ib it­
in g  th e  action of IA A  oxidase. D ata of pertain ing m easurem ents are show n in 
F ig . 1, which reveals th a t in  case of a defin ite  phenol level the auxin  oxidase
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does not act in rough extracts while the a c tiv ity  of dialysed preparations  
rem ains unchanged.

Fig. 1. C hanges o f p henol c o n te n t  a n d  au x in  ox idase  a c t iv ity  in th e  leaves o f s h o r t -d a y  tre a te d  
L u p in u s a lh u s  seedlings d u rin g  th e  v e g e ta tio n  period 

A bscisse: Age of seed lings (d ay s)
O rd in a te  I :  IA A  o x idase  a c t iv ity  (Q 0 2)
O rd in a te  I I :  P h eno l c o n te n t  expressed  in  fe ru lic  ac id  (m g/g d ry  m a tte r )

S y m b o ls :
_ X _ X_ r P h en o l c o n te n t
. —  Q  —  Q  — .  =  IA A  o x id ase  a c tiv ity
— 0 _0  — =  IA A  o x id ase  a c t iv ity  a f te r  d ia ly sis  in  th e  presence o f D C P

2) A pparen t adaptation o f  I A A  oxidase

E tio lated  L upinus  seedlings were put in IA A  solution of 0.1, 1.0 and 10.0 
/rg/ml concentration and the adaptive increase o f auxin oxidase a c t iv ity  was 
observed. Only in hypocoty ls o f plants put in to  a solution of 10.0 p g /m l  con­
centration  could a higher a ctiv ity  be observed. B ut this concentration  lies

Fig. 2. L en g th  o f  h y p o c o ty ls  in  th e  course  o f  a d ap tiv e  tre a tm e n t

A bscisse: N um ber o f  d a y s  fro m  th e  beg inn ing  o f t r e a tm e n t  
O rd in a te :  L en g th  o f h y p o c o ty ls  (m m )

S ym b o ls:
— X — x — =  in  IA A  so lu tio n  o f  1(H) /<g/ml c o n ce n tra tio n  

0  - -  0  - in  b u ffe r  so lu tio n
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far b eyon d  the p h ysio logica l level, so the ad ap ta tion  of auxin oxidase in  L u pi-  
nus cannot be looked u p on  as typical as in peas (2). Through analysis o f  this 
phenom enon revealed th a t  treatm ents w ith IA A  o f  0.1 to 1.0 pg/m l concen-

Pheno/
mg/9

Fig. 3. C h a n g es  o f  phenol c o n te n t d u r in g  th e  tre a tm e n t 

A bscisse: N u m b er o f  d a y s  fro m  th e  beginning o f  t r e a tm e n t
O rd in a te : P heno l c o n te n t  o f  hypoco ty ls ex p ressed  in  fe ru lic  acid  (m g/g d ry  m a t te r )  
Sym bols:

— X — X — =  in  IA A  so lu tio n  of lO'O /ig /m l c o n c e n tra tio n
— ф  — =  in  b u f fe r  so lu tio n

F ig . 4. Changes o f  IA A  o x id ase  a c tiv ity  in  th e  c o u rse  o f  a d ap tiv e  tr e a tm e n t

A bscisse: N u m b er o f  d a y s  from  th e  beg inn ing  o f  t r e a tm e n t  
O rd in a te : IA A  o x id a se  a c t iv i ty  (Q 0 2)
Sym bols:

—  X  —  X  —  =  in  IA A  so lu tio n  of 104) /ig /m l c o n c e n tra tio n
— •  •  =  in  b u f fe r  so lu tion

tra tio n  did not cause ch an ges. Using IAA o f 10.0 /ig/m l concentration growth  
in h ib ition  (Fig. 2), h igher phenol level (F ig . 3) and increased auxin oxidase  
a c tiv ity  was observed. A pparently  IAA ox id ase w as formed but the sim ul­
tan eou s increase o f th e  q u a n tity  of phenols su ggests caution. (N aturally , by
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•dialysis it  could have been clarified w hether a real enzym e ad ap tation  or only 
an accum ulation of activators took place, but seem ingly in etio la ted  plants 
the enzym e is more labile, because after d ialysis it could not be a ctiva ted  by  
DCP. On the other hand, the activ ity  o f  non-dialysed enzym e ex tracted  from  
etio la ted  hypocotyls was sign ificantly  stim ulated  by DCP.) In  th e  present 
case the phenol level apparently rises thus activating the IA A  oxid ase. These 
findings are in good agreem ent w ith  the results o f P il et  [8].

3) The influence o f  D C P  on I A A  oxidase in vitro and the nature o f  the lag-phase

W hat was described in the first tw o parts proved the dual effect of 
phenols on auxin oxidase, revealing, on the one hand, that a certain  phenol

F ig . 5. A c tiv ity  o f IA A  oxidase  in  v i tro  d ep en d in g  on th e  IA A  c o n c e n tra tio n

A bscisse: C o n cen tra tio n  o f IA A  as re la te d  to  th e  q u a n ti ty  o f hom ogen ized  le a f  m ate ria l
O rd in a te :  L ag-phase  (m in .)
S y m b o ls:

_  X — X — =  h om ogen ized  m a te ria l  IA A  
_  ф  _  ф  _  =  hom ogen ized  m a te ria l  -f- IA A  -f- 30 /ig /m l o f  D C P

level inh ib its the action o f auxin oxidase and, on the other hand, th a t for the 
a ctiv ity  o f  the enzym e b y  all m eans a defin ite quantity o f phenol is needed  
[11]. A lthough it is not know n y e t w hat kind o f phenols are the natural indica­
tors and inhibitors respectively  in L upinus albus, it seemed advisab le  to start 
in vitro experim ent series in order to  recognize the connection ex istin g  between  
the m echanism  o f enzym e action and phenols more in tim ately .

From  the leaves o f  tw o weeks old Lupinus  plants w ater ex tra cts , were 
prepared in a proportion o f 3 : 1 and incubated with d ifferent quantities 
o f IA A  and DCP in W a r b u r g  apparatus. It seem s unnecessary to  report 
the data o f all com binations, therefore on ly  the essential results are stated  
show ing th at a dim inution of IA A  concentration in the reaction  m ixture
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led  to  an increase o f th e  lag-phase length. This in d icates that if  the enzym e  
is in cu b ated  w ith a large q u a n tity  of IAA, the o x id a tiv e  decom position im m e­
d ia te ly  begins, but is preceded  by a lag-phase, i f  th e  am ount of IA A  is sm all. 
B elow  a critical IAA con cen tration  the length  o f  th e  lag-phase is in fin ite , i. e. 
an extrem ely  low q u a n tity  o f  IAA becom es n o t oxid ized  by auxin oxidase. 
In  other words: for a c tiv a tin g  the auxin oxidase a certain  am ount of substrate  
is necessary . If, on the other hand, to this in v itro  system  phenol is added, the  
action  o f the enzym e can  o n ly  be started b y  a larger am ount of IA A . These  
facts are dem onstrated b y  F ig . 5 showing also th e  relative concentrations o f  
IA A . T he statem ent o f th e  authors is in conform ity w ith  the results of G o r t n e r  
and K e n t  [5] stressing th a t when increasing th e  phenol concentration the  
a c tiv ity  o f  auxin oxidase w ill rem ain constant in  v itro  only if  more IA A  will 
be added  to  the system .

Discussion

K now ledge of th e  conditions of IAA oxidase action  was considerably  
enlarged b y  the in vestiga tion s which clarified th e  im portance of DCP [4], 
th a t o f  the interaction o f  M n++ concentration [9]. G o r t n e r  and K e n t  [5] 
drew th e  attention to  th e  significance o f the in teraction  of substrate level 
and phenol level but th e y  neither evaluated th is interference from the point 
of v iew  o f the physio logy  o f  auxin oxidase nor d ealt w ith the connection o f  
rela tive  substrate concentration  and enzym e action . I t  is exactly  to  these  
questions that the present s tu d y  supplies new contributions, according to w hich  
th e  action  m echanism  o f th e  auxin oxidase in  L u p in u s  albus m ay be in ter­
preted  as follows.

T he enzym atic ox id a tio n  of IAA in the p lan t does not start before th e  
q u a n tity  o f IAA atta in s a critical level and th e  process comes to  standstill 
i f  th e  auxin  content decreases considerably b en eath  th e  critical level. I f  sim ul­
tan eou sly  the endogenous phenol content is low , (e. g. in short-day treated  
p lants) th e  auxin oxidase acts in tensively  and p lan ts show  a restrained growth. 
W ith  increasing phenol con ten t the auxin q u a n tity  o f the tissues can reach  
a new  critical level w ith o u t beginning of decom position . H owever, reaching  
a defin ite  phenol level —  (about 32 mg per g dry substance [expressed in  
ferulic acid], e. g. in lo n g -d a y  treated seedlings) —  plants m ay augm ent their  
IA A  con ten t to a higher degree w ithout of any en zym atic  IA A  oxidation , and  
thus provides the auxin  lev e l necessary for increased plant growth.

O f course the v a lid ity  o f this conception m u st be proved by further  
experim ents. In vestigation s are also required to  fin d  out whether or not th e  
in flu en ce o f phenols and IA A  on enzyme a c tiv ity  should  be regarded as com ­
p e tit iv e  [5]. But considering the lag-phase th is  is not probable, nor does
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it  influence the value of the schem e o f auxin oxidase action (as described  
here), because by the aid o f th is schem e th e  physiological role o f  th e  enzym e 
m ay —  at least in  Lupinus albus —  be better  understood.

Summary

1) Phenols not only activate in v iv o  and in vitro the auxin  oxidase but 
also inactivate it  if  a certain level is surpassed.

2) W e could not dem onstrate the adaptive formation of a u x in  oxidase, 
b u t i f  IA A  of a physiological concentration  is present the phenol leve l rises 
and activates the la tent auxin oxidase.

3) To activate the auxin  oxidase an adequate quantity  o f  substrate  
is needed as well; so the IA A  oxidase acts only if  the auxin le v e l surpasses 
a defin ite value.

4) In the presence of phenols larger am ounts of auxin are required to  
activate the enzym e, therefore w ith  increasing phenol level also th e  auxin  
level rises.
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