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Abstract. A histochemical method for the determination of IAA-oxidase has been used in 
sections of various aerial parts of winter wheat plants. High IAA-oxidase activity was localized 
in the cell walls of sclerenchyma near the periphery of the stem, in the vascular bundle sheath 
of sclerenchyma and in xylem, both in the stem and in the leaf. The cell wall--bound IAA- 
oxidase activity therefore appeared in lignifying tissues. The staining was very weak or absent 
in the cell wails of parenchyma tissues and phloem. The positive reaction of the cytosol at 
the bulbous ends of guard cells and in the leaf prinlordia is presumed to be due to cytosolic 
IAA-oxidase. These results are discussed in relation to peroxidase localization and to our previous 
in vitro studies. 

Peroxidase  is an enzyme  wi th  a ve ry  b road  subst ra te  specifici ty (GAsPAR 
et al. 1982). The func t ion  of  this enzyme  and  its n u m e r o u s  i sozymes  found  
in ex t rac t s  f rom different p lan t  tissues is still no t  known.  One of  the  mos t  
promis ing  approaches  to gain some insight  into this p rob lem is to s t u d y  
the  local izat ion of  peroxidase ac t iv i ty  using cy tochemica l  techniques.  

A t  the tissue level, peroxidase ac t iv i ty  was found  in the  epidermis,  xy lem 
and  phloem, root  cor tex pa r enchym a ,  and  leaf mesophyl l  (HALL and  SEXTON 
1972, CATESSO~ 1980, GOLD~ERG et al. 1983, HA~C~E 1984). A t  the cellular 
level peroxidase  has been localized in cell walls (CzANI~SKI 1978, GOLD~ERG 
et al. 1983, HARCHE 1984) as well as in the  cytosol,  associated wi th  the 
m e m b r a n e  system, in vacuoles and  in nuclear  s t ruc tures  (GASrAR et al. 1982). 

I t  is known  t h a t  mos t  of  the  peroxidase isozymes possess IAA-ox idase  
ac t iv i ty  and  m a n y  au thors  believe this ac t iv i ty  to take  pa r t  in control l ing 
I A A  level (GASPAR et al. 1982). Some years  ago a cy tochemica l  m e t h o d  for 
de tec t ing  IAA-ox idase  ac t iv i ty  was developed (SXGI 1972, BENE~ and  SEID- 
LovX 1978). The I A A  ac t iv i ty  is m u c h  more  specific t h a n  the  peroxidase  
one. I A A  is oxidized wi thou t  added  H202, i .e. the enzyme  funct ions  as 
a te rmina l  oxidase. 

I n  our  previous  work  we isolated a peroxidase i sozyme f rom y o u n g  whea t  
leaves, which was an act ive IAA-ox idase  and  we inferred f rom its compo-  
sition and its mechan i sm of  ac t ion t h a t  it was a cell wa l l -bound  i sozyme 
(ZMRHAL and  MACHX~KOVX 1978). Also some other  peroxidase  i sozymes were 
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able to oxidize IAA (unpubl. results). To get more information about  the 
possible role of IAA oxidase in wheat  plants we decided to s tudy  its local- 
ization at the tissue level. 

M A T E R I A L  A N D  M E T H O D S  

Winter  wheat  (Triticum aestivum L., cv. Jubilar) was grown in the field. 
Samples were taken at the stage of one or two leaves and at the stage of ear 
emergence. 

The histochemical method of IAA-oxidase determination according to 
SAoI (1972 and personal communication) was used. This method was described 
for Lupinus hypocotyls  (BE~E~ and SEIDLOVA 1978). The method uses IAA 
as a substrate for the enzymatic reaction and the products of auxin oxidation 
are detected in situ by means of p-dimethylaminocinnamaldehyde,  DMACA 
(MEuDT and GAL~ES 1967). Sections of unfixed tissue 50 to 100 ~m thick 
were prepared with a freezing microtome; free-hand sections were used in 
some experiments. Free sections were placed without  delay into incubation 
medium containing 50 ~M of MnC12, 50 ~M of p-coumaric acid and 2mM of 
IAA in 0.06M phosphate buffer (pH 5.6). Fresh medium was always prepared 
using stock solutions on MnCle and t0-coumaric acid stored at about  5 ~ 
for several days. The sections were incubated in this medium for two hours 
in light at room temperature,  then washed twice in 0.06M phosphate buffer 
(pH 5.6) and transferred into 0.5 per cent DMACA in 2M HC1 and kept  in 
darkness until photographing. The pink-purple staining was visible in a few 
minutes. The photographs were taken in the reaction medium. A series of 
control incubations were carried out. The validity of detection was tested 
by  heating control sections or by  incubation of control sections in medium 
lacking IAA. No staining was observed in the controls. 

R E S U L T S  

In the internodes (at the stage of ear emergence) IAA-oxidase act ivi ty was 
detected in cell walls in the continuous cylinder of sclerenehyma close to 
the stem periphery and in the vascular bundles (Fig. ]A). In the vascular 
bundles it was localized in the cell walls of vessels, especially in metaxylem 
and in the bundle sheath of sclerenchyma. The outer bundles which are 
embedded in the peripheral sclerenchyma showed higher IAA-oxidase act ivi ty 
than the inner ones. A virtually negative reaction was found in parenchyma 
including parenchyma cells of the vascular bundles. 

Similar coupling of staining to cell walls of sclerenchyma and xylem 
elements was found in the leaves (Fig. 1B, C). A strong reaction appeared in 
plates of sclerenchyma located on the abaxial side of the leaf sheath, contrast- 
ing with the non-stained neighbouring thin-walled parenchyma of mesophyll 
and with the phloem. The smaller bundles containing mainly xylem elements 
and surrounded by  the sheath of sclerenehyma were also heavily stained. 

The epidermis of the leaf sheath and of the node also showed considerable 
IAA-oxidase activity, bound to the cell walls (Fig. 1C, D). 

The s tomata  showed more IAA-oxidase act ivi ty than the other epidermal 
cells of the young leaf. The purple staining appeared in the bulbous ends of 
the guard cells (Fig. IE). IAA-oxidase act ivi ty ~ was also found in leaf pri- 
mordia tissue of young wheat  plants (Fig. IF). 
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DISCUSSION 

Localization of IAA-oxidase activity has only rarely been studied. I t  h a s  
been shown to be associated with subcellular fractions representing the 
Golgi apparatus and endoplasmic reticulum from pea plants (WALDRU~ 
and DAVIES 1981). IAA-oxidase activity was detected by the histoehemical 
method of Si, oI (1972) in the epidermis, in the hypodermal layers of the cortex 
and in the vascular bundles of Lupinus albus hypoeotyls (BENE~ and SEID- 
LOV.~ 1978). 

In  the present work we always found IAA-oxidase to be localized in cell 
walls with prominent thickening showing a high tendency to lignifieation 
(EsAu 1977). This localization suggests that  although the enzyme (isozyme) 
reacts as IAA-oxidase, its primary function is probably the formation of 
lignin which is a well-described peroxidase-eatalyzed reaction (HARKIN and 
OBST 1973). This view is supported by the numerous findings of cell wall 
peroxidase activity (e.g. MXDER and AMBERG-FmCHER 1982) and by our pre- 
vious in vitro results on the chemical composition and reaction kinetics of 
pure isozyme B 1 with high IAA-oxidase activity (ZMRHAL and MACH~KO- 
VA 1978). Its chemical composition (arabinogalaetan moiety) shows its cell 
wall origin and its kinetics shows preferential oxidation of phenolics. As we 
know that  the B 1 isozyme content is relatively higher than that  of the other 
isozymes (Z~RHAL and MACH~,~KOV~, 1978 and unpublished results), it is 
very probable that  the greater part  of the IAA-oxidase activity localized in 
the sclerenchyma cell walls and vessels could be ascribed to this isozyme. 

The reaction was very weak or absent in thin-walled parenchyma and in 
phloem. CATESSON (1980) found a highly positive peroxidase reaction in phloem 
of the Triticum stem. I t  might be possible that  this phloem peroxidase(s) 
has no IAA-oxidase activity. Some discrepancies in localization at tissue 
level obtained by different authors may be explained by developmental 
changes in peroxidase activity. I t  is known that  peroxidase activity in the 
cell wall usually increases as the cells leave the meristematic region (HALL 
and SEXTOn 1972, GOLDBERO et al. 1983) while during maturation and ligni- 
fieation the cell wall peroxidase then decreases in activity (CzANINSKI 1978, 
HARCHE 1984). Similar results have been obtained with IAA-oxidase in the 
present work. I f  the still-growing internodes were sectioned at increasing 
distances from the node the cell wall staining decreased (unpublished results). 

A positive reaction of the tissues and cells which are rich in cytosol and 
have metabolic activity -- the leaf primordia and the bulbous ends of the 
guard cells -- is also observed. I t  is probable that  this staining is due to an 
isozyme(s) other than B 1 and that  this cytosolic activity might be re- 
sponsible for the control of IAA level. But  we have to take into account the 
diffusion of reacting products in the case of cytosolic IAA-oxidase, which 
is apparent from the staining pattern (BENE~ and SE~DLOV~. 1978). We may 
exclude the leaching of the enzyme out of the cell walls where it is covalently 
bound (GAsPAR et al. 1982). Thus, the differences in staining of the thick- 
walled sclerenchyma and the neighbouring cells of thin-walled parenchyma 
are not artifacts. 

Some problems of interpretation of the results may be posed by the pres- 
ence of natural inhibitors of IAA-oxidase, diphenols and polyphenols, the 
so called IAA protectors (STonIER et al. 1979). In  the cells these phenols are 
localized in the vacuole and moreover, the concentration ratio of IAA given 
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as a substrate to IAA protectors in cells is much higher than the inhibitory 
one (MACHXSKOVX et al. 1975). We therefore do not consider the possibility 
of interference by IAA protectors to be of any great importance. 
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