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A Suitable Method for Localization of  IAA Oxidase 

K. Bs.sEg ~nd FtZIDETA SEIDLOVX 
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]?r~ha* 

AbstraeL The method for h~stochemieal detection of IAA oxidas~ proposr by Sagi was tested, 
based on eolour react.~on of lmtur~l prochmts of IAA oxidatlon with Ehrllch-llke ~agent .  

As [AA oxidase is called an enzyme system or complex with oxidase and 
peroxidase act ivi ty (PILET and GASrAR 1968, MAC~X~KOV.6 and ZI~I~m~L 
1974, SCltNEIDER and WIG~IA~-  1974). Theoretically, locations where 
oxidase a.nd peroxidase activities are detected - especially if simultaneously 
-- may b~ considered as sites where IAA oxidase is present. The IAA oxidase 
system can be localized either by  ordinary methods for detection of oxidases 
and pcroxidases using selective inhibition or by methods based on substrate 
specificity. The latter is much more convenient. AASKEIM and IVEI~SZ.W (1972) 
tried to exploit the decarboxylat iou act ivi ty of IAA oxidase for its visu- 
alization by reaction of relea.sed CO2 with SrCt,_,. More promising are methods 
based on colour reactions which are frequently used for detection of IAA 
isozymes in geIs. The azocoupling method of ENDO (1968) seems not  to be 
applicable for sections because of its positive reaction with proteins. SA~I 
(1972a) presented in his lecture a modificatio~ of M~.UDT and GAI~-ES (1967) 
method which can also be used tb,: sections. The products of the enzymatic  
oxidation of [AA are detected by  an Ehrlich-like rea.gen~. So 5~.r, however, 
Sagi has not  published ihrther rcsults about, his procedure. Trying to test ~he 
suitabili ty of this method we ba.sed our expe:.'imenrs on the data  presented in 
his lecture verified and supplemented by  t.he author (S.~cI, personal com- 
nunfication). 

Seeds ofLupin~ albus L. cv. Pflugs ultra were soaked in rLmning tap w~ter 
overnight a.nd then allowed to germinate on pers plastic plat.es covered 
with cot ton--wool  tissue. Plat.cs were placed in closed glass jars containing 
water at. the bottor~ and kept  for two days in darkness at  25 ~ The jars 
were than transferred under continu~l light (fluorescent tubes Tesla, 5000 lx). 
Hypocoty ls  of 4 to $ days old seedlings were excised and their upper par t  
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(3 to 5 mm under cotyledon insertion) was used to obtain 50 to 100 ~tm thick 
sections. Sections were prepared fl, om non-fixed material using semiconductor 
freezittg mierotome Cryotom Tesla ~ i th  additional cooling of the knife with 
solid C0~. The material was sectioned frozen in 0.06 M phosphate buffer 
pH 5.6. The sections were tr~,nsferred into the same buffer and used without  
any  delay. 

As mentiotted, the incubation medium and d.eteetion reagent prepared 
~ccot'd~ng to Sagi were used. The incubation medium contained 50 ~M: of 
MnCle, 50 ~M of p-coumarie acid and 2 mM of IAA in 1000 mi of 0.06 M 
phesph~te buffer pi-[ 5,6. IAA was dissolved in a minimum amount  of 
ethanol ,  coucen~ratiort of which in the meditlm did nov exceed 3% v/v, The 
medium was always freshly prepared. MnCt2 and p-coumarie acid solutions 
may  be kept several days in a refrigerator. Fresh 0.5% dimethylamino- 
r i~ 2 N KCI serve4 as d~tection reagent,. ,Free floating sections 
were i ,~ubated in the medium for 2 h on light. Then they were twice washed 
in 0.06 M phosphate buffer pH .5.6 and finally transferred into the detection 
reagent, kept. in a refrigerator in t.he dark. Tim positive reaction is expressed 
by a wine-red colour which starts to appear within a few minutes. Its density 
gradually increases for some thne. The native preparations were made using 
a drop of the detection reagent. 

The epidermis was heavily stained while the colour in the hypodermM 
layers of t.he cortex was much weaker. Distract staining was also observed in 
the vascular bundles of the central cylinder especially in xylem. Analogical 
results were obta.ined in preliminary experiments ~'ith t.he hypoeotyl  ~nd root 
tips of broad bean, Viola faba L. ev. Chlumeek3 "~, and pea, Pisum sativum L, 
ev. Raman.  The positive resetion in t.his material was also obtained in 
epidermis, hypodermal layers and vascular tissues of the central cyliilder. 

Fur ther  experiments were focused on (1) preservat, ion of fhe colour product  
nmi obtaining of permanent  slides, (2) elimination of false positive reaction 
by c, ontrols, (3) applicat.ion of the irtcubat.ion medium containing H202 and 
(4) exa.mhaation of the use of 6xed mat.triM. 

The final colouring sooner or later disappears after dehydrat ion in ethanol 
and tuoungiug in EuparM (Pinnow, West Berlin), Similar results were 
ohtaitted when dehydra ted  section, s were mount~ed vi~ xylen into damara  or 
Canada balsam, Mountiug of sections directly from the det.ec~ion reagent 
into water media (Aquarnount, Michrome, London; Hydramount ,  Gurr- 
Sea-de, Higk Wycombe, Bucks., and Syntbe~,ic gum, Koh-i-Noor, M~stee 
Krs also did not prevent the disappearance of the final eolour. I t  also 
gradually disappears in 2 N HC1, HzO and 0.06 M phosphate buffer pH 5.6. 
The best pre~crwt-lon of colouriug was observed when sections were teft in 
the detection reagent and kept in a .refriger~or in the d~rk. 

The validity of reaction was tested by heating of sections in wa.~er of 8(~ 
to 85~C for ]0 rain, by t rea tment  with KCN (10 ~z M in the incubation 
medium) and by incubation of sect, ions in medium lacking the substra.te, All 
these tests ga~-e negative results. Tile reaction was much weeker when 
sections were incubated in IAA containing medium but ]aeklng either both 
o r  r  o~fiy one activating component. 

Addition of I-IeO.~ (0.2 mI or l..0 mI of 3% H~Oe per I0 ml of medium) 
resulbed in a slight, moderat.io~a of the reaction on sites which are heavily 
staine(2 whert H~Oe is absent. 
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Positive results were also obtained when frozen sections taken from fixed 
material were used (fixation in neutralized 10% formol for 6 h at room 
temperature,  followed by washing material, scctioning and section prcser- 
vatimx ia 5% ethanol, see DELES 1973). 

The present results show that  the ]AA oxidase system can be detected by 
the described procedure. I t  is, however, necessary to note tha t  reliability of  
results is conditioned by simultaneous application of controls, espeeialIy of 
the substrate lacking medium. The material used in this communication can 
be recommended as standard. The localization is possible to evaluate only 
on a cellular level. When the subcellutar level is considered the diffusion of 
reaction products has to be taken into account. The diffusion cannot be 
completely eliminated also on the cellular level as suspected with the weak 
st.ai~ing of the hypodermat layers. Another problem is, especially in the case 
of non-fixed material, the different solubility of individual fractions of IAA 
oxidant (SAG~ 1972b). The failure to obtain permanent slides is a serious 
handicap to the procedure. 

As found by P~:~_wv et al. (1972), the growth promoting effect of externally 
applied auxin on lupine hypocotyl  segments is limited by reaction of few cell 
layers on the hypocotyl surface. I t  is interesting that,  using the present 
method, high IAA oxidase activity was found just in this critical region. 

0xidases and peroxidases are commonly detected by means of synthetic  
chromogenic substrat.es. Also in these cases it is possible to consider the 
activity of the IAA oxidase system. I t  should be stressed that  the method 
of M~UDT and GAINES (1967) as modified and recommended by  SAc, I (1972a) 
and tested in the present experiments, involves oxidation of the natural  
suhstrate and detection of natural  products of its oxidation. The use of this 
approach in histochemistry of this group of oxidorcductases is very rare. The 
prcsent procedure is interesting from this point of view, too. 
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