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Abstraet.  The IAA oxidase activity was studied during the culture of dormant apple embryos. 
The effect of different factors on this enzyme activity was investigated either by adding them to 
the reaction mixture or to the culture medium. Phloridzin was found to be the best phenolic 
cofactor. The development of IAA oxidase activity was stimulated by phloridzin and GAa. The 
properties of apple embryos IAA oxidase allow to postulate the presence of two enzyme systems 
able to oxidize IAA in the material studied. The involvement of peroxidase activity in IAA 
oxidation was also investigated. The differences in the changes of peroxidase and IAA oxidase 
activities during the culture of dormant apple embryos do nob permit  to consider the activity 
of peroxidases to be identical with that  of IAA oxidase. 

Studies of several authors e.g. •IKOLAEVA (1967), GORDON-SHAHIR and 
WAREIN~ (1964) indicate the auxin superoptimal concentration to be one 
of the factors responsible for the maintaining of dormancy in some of the 
seeds. 

The attempts to demonstrate the presence of auxin in dormant apple 
seeds have failed to give univocal results. The presence of three auxin-like 
substances in maturing seeds had been stated by LUCKWILL (1957) and in 
1962, ethyl-3-indolylacetate and 3-indolylacetylaspartic acid were identified 
by RAUSSENDORF-BARGEN in the same material. No auxin accumulation 
was stated in the dormant apple seeds (LucKWILL 1969). 

The control of auxins concentration in the tissue depends upon their bio- 
synthesis and degradation processes. 

The present work was aimed at characterization of indolyl-3-acetic acid 
oxidase (IAA oxidase) in embryos from non-stratified apple seeds. Consider- 
ing the postulated involvement of peroxidases in IAA-oxidase complex 
(GALsTON and DAVIES 1962, PARIS 1969, HARE 1964, BOLDUC et al. 1970) as 
well as ~he marked peroxidase activity in apple seeds (RYCHTXR and LEWAK 
1971) a correlation between the peroxidases and IAA oxidase activities was 
given a trial. 
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Material and Methods 

Material and Culture Conditions 

Non-strat i f ied seeds of apple tree (Pyrus malus L., cv. Anton6wka)  were used th roughou t  our  
exper iments .  The isolated apple embryos  were cul tured for 10 days,  in the presence of different 
solutions or water  under  the condit ions described previously ( S M o ~ S K A  and  LEW)~ 1971). 

Following solutions were used: 

1. 5 x 10 -~ M indolyl-3-acetic acid (IAA) 
2. 5 x 10 -5 M gibberellin A3 (GA3) 
3. 2 • l0 -2 M t r y p t o p h a n e  and 10 -2 M chlorogenic acid 
4. 2 >( 10 -2 M t r y p t o p h a n e  and  10 -z M protoeatechuic  acid 
5. 10 -3 M ph[oridzin 

E m b r y o s  for prepara t ion  of acetone powder  were t aken  out  at  two days intervals.  The acetone 
powders  were prepared  as described previously (RYCHTER and  LEWAK 1969). 

Extracts  Preparation 

A m o u n t s  of acetone powder  corresponding to 60 seeds were ext rac ted  wi th  l0 ml 0.02 M 
phospha te  buffer, p H  6.2. The ext rac t ion  was carried out  for 1 h at  4 ~ IAA oxidase and  per- 
oxidase activities were assayed on the same day. 

IAA Oxidase Aetivity Assay 

0.4 ml of enzyme extract  and 0.5 ml of  0.2 M phospha te  buffer (100 ~moles), p H  6.2 were 
added to 2.5 ml  of  reaction mix ture  consist ing of  3.75 • l0  -7 moles IAA,  2.5 • 10 -7 moles MnC]2, 
and  2.5 x 10 -7 moles phenolic cofactor. Reference sample was prepared  in the  same way, the 
enzyme ext rac t  being added after  hea t  dena tura t ion  for 15 rain in boiling wate r  bath .  The 
react ion was  carried out  for 30 min  then  s topped by  adding 5.0 ml of Salkowski reagent.  The 
absorbance  was measured  af ter  ano ther  30 rain at  530 n m  using Specol speetrocolorimeter.  

The I A A  oxidase act ivi ty was  expressed as the [zmoles IAA dest royed within 1 h by  the 
enzyme ext rac t  obtained f rom 100 seeds. 

Peroxidase Activity Assay 

0.1 ml  of enzyme extrac t  was added to 6.1 ml of reaction mix tu re  containing 4 ~moles of  
benzidinc, 200 [xmolcs of acetate buffer, p H  5.0 and  100 ~moles of I-I202. The absorbance was 
measured  after  30 s at  590 rim. 

The peroxidase act ivi ty was expressed as AA at  590 n m  per 100 seeds. 

Results 

The IAA oxidase activity assays in embryos grown for 6 days, were per- 
formed using the different phenolics as cofactors. (Table 1.) Phloridzin was 
proved to be the most effective cofactor as its presence in the incubation 
mixture results in a 3.5 fold rise of IAA oxidase activity. The presence of 
quercetin resulted in 50% rise of IAA oxidase activity and complete in- 
hibition of the enzyme activity was observed with chlorogenic acid. The 
addition of both phloridzin and chlorogenic acid resulted only in the in- 
hibition of IAA oxidation. Attention is called to the fact that phloridzin and 
quercetin as well as chlorogenic acid are the native phenolics of the apple 
seeds. The exogenous ones i .e. 2,4-dichloro-phenol and ferulic acid are of  
no effect on the IAA oxidase activity. 

The IAA oxidase activity was investigated in embryos soaked for 24 h 
in water and during the 10 days water culture. The enzyme activity was 
assayed parallelly in the incubation mixture not containing any phenolic 
cofactor and in the presence of phloridzin. 
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TABLE 1 

I A A  O X I I ~ A S E  A C T I V I T Y  I N  N O N - S T R A T I F I E D  A P P L E  E M B R Y O S  C U L T U R E D  F O R  6 D A Y S ,  M E A S U R E D  

I N  T H E  P R E S E N C E  O F  D I F F E R E I ~ T  P H E N O L I C  C O M P O U I ~ D S  A S  C O F A C T O E S  

Phenolic cofaetor 
(cone. in incuba t ion  

mix ture)  

IAA oxidase act ivi ty 

I A A  destroyed 

[~.mol h-1 per  100 embryos]  [%] 

wi thou t  cofactor 
phloridzin 7.35 x 10 -5 M 
quercet in 3.67 x 10 -a M 
chlorogenic acid 

7.35 x 10 -6 M 
7.35 • 10 -5 M 

phloridzin + chlorogenic acid 
7.35X 10 -5 M + 7 .35x 10 -6 M 
7.35X 10 -5 M + 7 .35x 10 -5 M 

2,4-dichlorophenol 7.35 X 10 -5 M 
ferulic acid 7.35 x 10-5 M 

5.9 100 
21.0 356 

9.22 156 

0 0 
0 0 

0 0 
0 0 
6.0 102 
5.33 90.5 

The results presented in Fig. 1 indicate that phloridzin is of no effect on 
the activity of IAA oxidase present in the extracts of embryos isolated from 
non-stratified apple seeds. During the embryos culture the phloridzin de- 
pendent IAA oxidase activity appears. The IAA oxidase activity manifest- 
ing without any phenolic cofactor remains unchanged during the embryo 
culture. 

A rapid rise in the IAA oxidase activity, measured in the presence of 
phloridzin, is noted between the 2nd and the 4th day of culture. This maxi- 
mum persists until the 6th day, then gradually decreases and only 50% of 
maximum activity is noted on the 10th day of culture. As phloridzin had 
been stated the most active IAA oxidase stimulating cofactor of the 
phenolics studied, the relation between phloridzin concentration and IAA 
oxidase activity was investigated. 

The results are presented in Table 2. The highest IAA oxidase activity 
corresponded to the phlor idzin:IAA ratio 1 : 1  i .e. to the respective 
7.35 • 10 -5 to 1.47 X 10 -4 M concentrations in the incubation mixture. 

T A B L E  2 

I N F L U E N C E  O F  P t I L O R I D Z I N  C O N C E N T R A T I O - N -  O N  T H E  I A A  O X I D A S E  A C T I V I T Y .  E N Z Y M E  E X T R A C T S  

W E R E  P R E P A R E D  F R O ) I  D O R M A N T  A P P L E  E M B R Y O S  C U L T U R E D  F O R  6 D A Y S .  I A A  C O N C E N T R A T I O N  

I N  R E A C T I O N  M I X T U R E  - -  1 . 1  • 1 0  - 4  M .  

Phloridzin concentra t ion IAA oxidase act ivi ty  
in incubat ion mix tu re  I A A  dest royed [~zmol h -1 per  100 embr.] 

7.35 • 10 -6 M 6.3 
7.35 • 10 -a M 18.9 
1.47 x 10 -4 M 20.1 
3.67 x 10 -4 M 15.2 
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Relation between pI-I of the incubation mixture and the IAA oxidase 
act ivi ty with phloridzin as a cofactor is presented in Fig. 2. Two maxima -- 
one at  p H  4.0 and the other at  p H  5.8--6.2 are observed. 

Fur ther  assays of IAA oxidase act ivi ty were performed in phosphate buffer 
p H  6.2 as the enzyme is more stable in neutral medium. 
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Fig. 1. Changes in IAA oxidase act ivi ty in apple embryos, during their culture on the water,  
measured without  phenolic cofaetor (H20) or in the presence of phloridzin (PHL). 
Fig. 2. pH-act iv i ty  curve for oxidation of IAA by enzymatic extract  from apple embryos cultured 
for 6 days. 
Fig. 3. Changes in IAA oxidase act ivi ty  in apple embryos cultured in the presence of phloridzin 
(PHL), IAA, GA3, and  of water as control. The act ivi ty was measured with phloridzin as phenolic 
cofactor. 

Because of the postulated inductive character of the IAA oxidase (Lxv. 
1971, STUBER and LEwI~GS 1969) experiments were carried out  with isolated 
embryos grown for 10 days in the presence of IAA, GAs or phloridzin. 
Changes in the IAA oxidase act ivi ty in those embryos are presented in 
Fig. 3. 

The presence of IAA in the culture medium does not affect the IAA oxidase 
act ivi ty  during the 10 days of culture and the pat tern of enzyme act ivi ty 
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is similar to tha t  of the control embryos grown on water (Fig. 1). The presence 
of GA3 accelerates the appearance of IAA oxidase activity without affecting 
its value. The rapid rise in enzyme activity was observed between the 
beginning and the 2nd day of culture. This maximum persists until the 4th 
day  of culture and then the IAA oxidase activity decreases. 
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Fig. 4. Changes in the pcroxidase activity in apple embryos, cultured in the presence of phloridzin 
(PHL), IAA, GA3 and of water as control. 
Fig. 5. Changes in the IAA oxidase and peroxidase activities in apple embryos cultured on the 
solution of tryptophane with chlorogenic acid (TRY + CHL) or tryptophane with protoeateehuic 
acid (TRY + PROT) and with water as control. 

In  extracts from embryos cultured on phloridzin solution, the IAA oxidase 
activity reaches its maximum on the 6th day with a plateau lasting till the 
8th and a subsequently slight decrease between the 8th and 10th day. 

Peroxidase activity was also assayed in the same extracts and the results 
are presented in Fig. 4. Attention should be drawn to the differences between 
the dynamics of peroxidase and IAA oxidase activities. The activity of 
peroxidases rises throughout  the whole l0 days period of culture, whereas 
the IAA oxidase activity decreases after reaching its maximum. I f  the 
peroxidases activity in extracts  from embryos cultured on water is accepted 
as a reference value, this activi ty is strongly stimulated by GAa (over 100%) 
throughout  the whole period of culture. IAA is of slight stimulating effect 
only and phloridzin causes a 30% decrease of activity as compared to water 
control. 

The data  presented in Fig. 3 proved tha t  the IAA oxidase in apple embryos 
is not an enzyme induced by IAA. Taking into account that  t ryptophane has 
been commonly postulated to be the precursor of auxins (KuTi~EK and KEFELI 
1968) and the involvement of o-diphenols in the auxins biosynthesis has 
been suggested by GORDO~ and PALEG (1961) an a t tempt  was made at 
checking whether IAA oxidase is induced by any of the metabolites preced- 
ing IAA in the process of biosynthesis. The determinations of IAA oxidase 
and peroxidase activities were performed in extracts from embryos cultured 
for l0 days on solutions containing t ryptophane with chlorogenic acid or 
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tryptophane with protocatechuie acid. The results are presented in Fig. 5. 
Both enzyme activities remain unchanged during the first 6 days of embryo 
culture. Their subsequent rise leads, in the case of IAA oxidase activity, to 
the values higher than that  of the control, but peroxidase activity remains 
inhibited by tryptophane with o-diphenols. It  is difficult to interpret these 
results as an induction of the studied enzymes. 

D i s c u s s i o n  

As it was already shown (DzlEWANOWSKA et al. 1974),the IAA oxidase 
activity which appears during maturing of the apple seeds is independent 
of the cofactor used. 

Our results suggest the existence of two kinds of enzyme systems which 
are able to oxidize IAA. One of them, present in the dormant embryos 
(possibly the same system which is active in the maturing seeds) does not 
need any phenolic cofactor and its activity remains unchanged during the 
embryo culture. Another IAA oxidase system, of more complicated oxidation 
mechanism susceptible to exogenous factors and needing the presence of 
phenolic cofactor appears during the culture. The addition of phloridzin to 
the incubation mixture is of optimal effect if the phloridzin: IAA ratio is 
1 : 1. The increase in phloridzin concentration alone results in the decrease 
of IAA oxidase activity may be by blocking of the IAA binding site. Phloridzin 
which has been proved to be the most effective IAA oxidase cofactor in the 
apple embryos, appears in the embryos since the 4th day of water culture 
(BOGATEK et al. -- in preparation). Its appearance correlates with the 
manifestation of IAA oxidase activity. The presence of gibberellin in the 
cultured medium accelerates the start of phloridzin biosynthesis; the same 
effect was observed for the appearance of IAA oxidase activity. Thus the 
accelerating effect of gibberellin on the appearance of this enzyme activity 
may be explained by the accelerating effect of the hormone on phloridzin 
biosynthesis which is indispensable for the IAA oxidase activity. 

The differences in the dynamics observed between the peroxidases and 
IAA oxidase activities do not allow to consider those two enzymes to be 
identical. The peroxidase activity rises throughout the whole period of 
culture, while that of IAA oxidase decreases after reaching its maximum. 
The presence of phloridzin in the culture medium results in a rise in the IAA 
oxidase activity and prevents its disappearance whereas it causes 30% 
inhibition of peroxidases activity. 

Taking into account the heterogeneity of apple embryos peroxidases which 
is manifested by differences in electrophoretical mobility as well as in 
substrate specificity (I~YcHTER and LEWAK 1971), the involvement of one of 
isoperoxidases in the IAA oxidase activity may be accepted. 

Suggestions concerning the physiological role of IAA oxidase in the apple 
seeds may be drawn first after the assay of auxins content in the material 
studied. 
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B y l a  s ledovAna a k t i v i t a  oxidtfzy I A A  b ~ h e m  p~s tov~ni  d o r m a n t n i c h  jablof lov~eh embry l .  
Vliv r6zn3~ch faktorf t  n a  a k t i v i t u  t oho t o  e n z y m u  by l  s ledovAn b u d  je j ich p~idAnim do reak6ni  
sm6si  nebo  do ku l t iva6n iho  media .  ByIo  zjiw ~e floridzin je ncjlepw fcnolick3~ kofak tor .  Akt i -  
v i t a  oxidAzy kyse l i ny  indoly loe tov6 b y l a  s t i m u l o v s  f lor idz inem a GAs.  V la s tnos t i  I A A  ox ids  
jabloflov39ch e m b r y l  p roz razu j i  p H t o m n o s t  d v o u  e n z y m a t i c k ~ c h  syst6ml~ sehopn3%h ox idova t  
kyse l inu  indo ly loe tovou  ve  s t u d o v a n 6 m  mater i~ lu .  D~le by l a  s ledovAna zAvislost  a k t i v i t y  per-  
oxidAzy n a  oxidaci  I A A .  Rozdf ly  ve  zm~nAch a k t i v i t y  peroxidAzy a I A A  oxid~zy  b b h e m  ku l t i vace  
d o r m a n t n f c h  jablof iov~ch e m b r y l  nesv6dSi  pro i den t i t u  a k t i v i t y  peroxidAzy a I A A  oxidAzy. 


