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Abstract. Isoperoxidase B 1 isolated from winter wheat (Triticum aestivum L., cv. Jubilar) 
seedlings was shown to catalyze ethylene formation from cr y-methylmorcaptobutyric acid 
(KMBA). In  the presence of Mn 2+, indolo-3-acotic acid (IAA), and p-eoumarie acid, the kinetics 
by isoperoxidase B 1 catalyzed conversion of KMBA into ethylene and other products was similar 
to that  of IAA oxidation. The reaction rate was therefore controlled by IAA through its electron- 
donating properties. 

Exogenous IAA induced ethylene formation in the segments of etiolatod wheat coleoptilos. 
IAA-induced ebhylene production was enhanced by L-methionine and mitomycin G. Amino- 
ethoxy-analoguo of rhizobitoxine, ferulie acid, sodium benzoate, eycloheximide and aetinomycin 
D exhibited significant inhibitory effects. Those data indicate that  the overall reaction mechanism 
in coleoptile segments involves RNA and protein synthesis. 

The site of IAA action is not specific ; 2,4-diehlorophenoxyacetic, ~-naphthylacetie and in- 
dole-3-butyrie acids, respectively, possessed comparable inductive effect as IAA. Indole-3-pro- 
picnic acid, indole, L-tryptophan and glucobrassicin had only low inductive efficiency, and 
moreover indole and L-tryptophan slowed down IAA-induced ethylene formation, 

Although the effect of IAA on ethylene formation is well known and has 
been described in several plant organs, e.g. bean hypocotyls (SAKAI and 
IMASEKI 1971), pea epicotyls (KANG et al. 1971), pea roots (STv, EN and 
CHADWICK 1973) and sorghum mesocotyls (FRANKLIN and MORGAN 1978), 
its mode of action is still not quite clear. In most of the above tissues, the 
inductive effect of IAA on ethylene biosynthesis has been found. Compar- 
able IAA effect was not found in ageing tissues, e.g. in apples (LIEBERMAN 
and KIy~ISHI 1975). 

L-methionine is the precursor of ethylene in plant cells and two enzymes 
are believed to catalyze the overall reaction: transaminase and peroxidase 
(YANG 1975). From our previous results (MActI~SKOV2{ et al. 1975, ZMRHAI, 
and MACH/~KOV~ 1978) we know that IAA serves as an electron donor in 
some oxidase reactions catalyzed by wheat isoperoxidase B 1. The purpose 
of the present study was: 
1. to determine whether isoperoxidase B 1 is able to catalyze the production 

of ethylene in vitro; 
2. to test the influence of IAA and related compounds on ethylene formation 

in vivo. 

Received Ju ly  13, 1979; accepted August  20, 1979 
* Addreaa: I)rnovsk~ 507, 161 06 Praha 6, Czechoslovakia. 

** Prea6r~ address: Insti tute of Exporimonta~l Botany, Czechoslovak Academy of Sciences, 
Pralm; Ke dvoru 16, 166 30 Praha 6, Czechoslovakia. 

65 



66 I. MA0]~A~KOVA ET AL. 

MATERIAL AND METHODS 

Isolation and Characterization of  Isoperoxidase B 1 

The following steps were involved in the isolation procedure: homogen- 
ization of the upper parts of wheat seedlings, centrifugation, ammonium 
sulphate precipitation, column chromatography on Sephadex G 25, Sephadex 
G 100 and DEAE-cellulose, followed by  freeze-drying of isoenzyme B 1 
fraction. Pure isoperoxidase B 1 was chemically characterized (amino acids, 
sugars). 

Details of the isolation procedure as well as those of chemical composition 
of the isoenzyme molecule were published elsewhere (ZMR~AL and MACH~- 
KOVA 1978). 

Preparation of  KMBA 

~-keto, ~,-methylmercaptobutyric acid (KMBA) was used as substrate  
for isoperoxidase B 1. 

The mixture of 0.SM L-met, 0 .05MKCI,  catalase (1 ~g m1-1) and 
L-amino acid oxidase (100 ~g m1-1) in 0.1 M Tris--HC1 buffer p H  7.8 was 
incubated for 1 h at 37 ~ Reaction was terminated by  the addition of 
solid m-phosphoric acid to provide p H  ~ 3. The product  was ext rac ted  
three times with diethyl ether, ether evaporated in vacuum (MnPso~ et al. 
1969) and the product identified by  the melting point of its 2,4-dinitro- 
phenylhydrazone (149 ~ 

Ethylene Formation from KMBA 

Ethylene formation was assayed in stoppered 10 ml vials containing air 
at  105 Pa pressure and 3 ml of the following reaction mixture:  0.2 mM IAA, 
1 mM Mn 2+ (MnC12), 0.05 mM HCA, 50 ~g KMBA and 50 ~g isoperoxidase 
B 1 in 0.05 M potassium phosphate buffer pH 5.6. The reaction was initiated 
by  the addition of enzyme to the reaction mixture. The incubation period 
was 30 min at 30 ~ on a Dubnoff  incubator. The reaction was terminated 
b y  adding TCA to the concentration of 6~/o . Samples of the gas were with- 
drawn using 1 ml disposable plastic syringes (Becton Dickinson Co. Ltd.). 
Ethylene was determined by  gas chromatography of the samples on Perkin- 
Elmer F 30 chromatograph using Porapak N column and nitrogen as the 
carrier. 

Ethylene Formation in Wheat Coleoptile Segments  

Surface sterilized (70% ethanol, 5 min) and imbibed (6 h in redistilled 
water) seeds of winter wheat (cv. Jubilar) were placed on the wet filter paper 
discs in Petri  dishes and allowed to germinate 4 days in the darkness at 
25 ~ Coleoptiles 30--35 mm in length were selected and segments 10 mm 
in length were cut of them starting 3 mm below the apex. The first leaves 

Abbreviations used: IAA = indole-3-aoo~io acid; KMBA = a-ket~o, y-mobhylmercap~obubyrio 
acid; ttCA = 4-hydroxyeinnamie(p-ooumaric) acid; FA = 3-me~hoxy, 4-hydroxycinnaraio 
(forulie) acid; 2,4-D = 2,4-diehlorophonoxyaee~ie acid; NAA = a-naphthylaootie acid; IBA = 
indolo-3-bubyrie acid. 
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were carefully removed (ANDEI~SON et al. 1975) and the segments were pre- 
incubated 2 h in redistilled water. Then 15--20 segments were transferred 
into 10 ml glass vials containing 2 ml of 0.05 M potassium phosphate buffer 
plI 6.0 with the substances under the test (see Tables 1 and 2). The vials 
were stoppered immediately and incubated at 20 ~ At desired time inter- 
vals, the samples of gas phase were withdrawn and the same volume of air 
was injected back into the vials to maintain original pressure. Ethylene 
content in the gas samples was determined as described above. 
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Fig. 1. The dependenoo of ethylene production from KMBA on IAA (A), HCA (B) and Mn ~+ (0) 
oonoontrations. The reaction mixture of total volume 3 ml contained --  A: 50 ~M ~CA, 1 mM 
M_n a+, 50 ~M KMBA and 50 ~g isozyme B 1 in 0.05 M potassium phospha$o buffer pH 5.6. --  
B : 0.4 mM IAA, 1 mM Mn 2+, 50 ~M KMBA and 50 ~g isozymo 13 1 in 0.05 M potassium phospha$o 
buffer pI-I 5.6. -- C: 0.4 mM IAA, 50 vM I-IOA, 50 ~M KMBA and 50 Fg isoz~mae B 1 in 0.05 M 
potassium phosphate buffer pH 5.6. Incubation proceeded in all eases 30 rain at  30 ~ 

R E S U L T S  

Ethylene Formation from K M B A  

In the presence of Mn 2+ ions, a phenolic cofactor and an electron donor 
isoperoxidase B 1 catalyzed the turnover of KMBA to ethylene and other 
products. HCA was the most effective phenolic cofactor. The dependence of 
ethylene formation on the concentrations of respective reactants is shown 
in Fig. 1. 

IAA and HS03- served as electron donors. HSOa- ions were three times 
more effective than IAA, but we found that  these anions decomposed KMBA 
also nonenzymatically. 

Exogenous I-I~02 eliminated the necessity of Mn ~+ and IAA. Addition of 
10-~ M FA to the reaction mixture introduced a lag period (5--10 rain) 
prior to the onset of ethylene formation. Using 10 -4 M FA, no ethylene was 
detected for 60 rain. H202 eliminated the FA action. 

pH optimum of ethylene formation was 5.6. 
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E t h y l e n e  F o r m a t i o n  in  W h e a t  C o l e o p t i l e  S e g m e n t s  

Coleoptile segments produced no ethylene when incubated in buffer, either 
with or without 10 -3 M and 10 -4 M L-met. But IAA was able to induce 
ethylene formation. The time-course of ethylene formation for various IAA 
concentrations is given in Fig. 2. pH optimum for IAA-induced ethylene 
formation was 5.5--6.0. 
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Fig. 2. Time.course of ethylene production by wheat ooleoptile segments in the presence of 
various IAA concentrations. Incubation proceeded in 2 ml of IAA solutions in 0.05 M potassium 
phosphate buffer pH 6.0 for 20 h at 30 ~ 

The influence of tested compounds on~IAA-induced ethylene formation is 
summarized in Table 1 and their ability to induce ethylene formation in 
Table 2. 

The synergic action of mitomycin C and IAA was totally inhibited by 
cycloheximide (10 ~g ml-1) and rhizobitoxine analogue (5 ~g ml-1). Also 
2,4-D, NAA and IBA-induced ethylene formation was inhibited by the 
mentioned compounds. 

Because KMBA had no influence on IAA-induced ethylene formation and 
also had no inductive effect, we think that it was metabolized in another 
way than in vitro. On gas chromatogram we found two peaks different from 
ethylene (not identified) and the incubation mixture turned red during 
incubation with KMBA. 

Permanent IAA presence was not necessary for induction of ethylene 
formation. Incubation of segments in IAA solution for 15 min was sufficient 
to induce ethylene formation. The amount of ethylene formed was proportional 
to the duration of incubation in IAA solution till 2 h. After 2 h preincubation 
of segments in IAA solution the ethylene production was the same as in 
the case of continual IAA presence. 

The attempts to demonstrate ethylene formation in wheat coleoptile 
homogenates did not meet with success despite the conditions resembling 
those used for intact segments. Further details, therefore, are not given 
here. 

DISCUSSION 

In our previous study (ZMRHAL and MACHA~KOVA 1978) we reported that  
purified wheat isoperoxidase B 1 catalyzes oxidation of a number of phenolic 
compounds and also of IAA. In all oxidase reactions studied, the requirements 
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TABLE- 1 

The effect of tested compounds on IAA--induced ethylene formation in wheab eoleoptile 
segments. IAA concentration used was 0.1 mM and its action taken as I00 %. Tests were l~r-  
formed in 0.05 M potassium phosphate buffer pH 6.0 

Functional Concentrabion 
Compound characteristic 

Effect 
(in % of IAA action) 

after 4 h of after 20 h of 
incubation incubation 

L-methionine Substrate for 
ethylene formation 0.1 mM 140 140 

Aminoethoxy- Inhibitor of 5 Kg ml-1 0 0 
analogue of L-methionine l0 ~tg ml-1 0 0 
rhizobitoxine transamination 50 ~tg m1-1 0 0 

Sodium benzoate Free radical trap 1 mM 60 83 

Ferulic acid o-diphenol 1 mM 36 60 

1 ~g ml-1 75 75 
Cycloheximide Proteosynthesis 5 (zg ml-1 60 60 

inhibitor 10 [zg m1-1 0 0 

Mitomycin C DNA replication 
inhibitor 5 big m1-1 180 180 

Actinomyein D DNA-dependcnt RNA 2.5 txg ml-1 78 88 
formation inhibitor 10 [zg m1-1 50 56 

1 (zg m1-1 100 80 
~-amanitin RNA-polymerase I I  2 [zg ml-1 100 70 

inhibitor 5 txg ml-1 100 70 

Kinetin Plant  1 (zM 110 110 
hormone 10 tzM 110 110 

Gibberellie acid GAa Plant  hormone 50 txM 100 100 

Indole Basic nucleus of IAA 0.1 mM 52 57 

L-tryptophan IAA precursor 0.1 mM 22 28 

Sucrose Supply of energy 2 % 100 100 

ATP Supply of energy 0.1 mM 100 100 
1 mM 100 100 

for isozyme B 1 activity were Mn ~+ ions, a phenolic cofactor and an 
electron donor. Results of the present work indicate that  in vitro isoper- 
oxidase B 1 is also able to catalyze formation of ethylene from KMBA, 
which is the transamination product of L-methionine. Enzymic conversion 
of KMBA into ethylene (and other products) was demonstrated in the 
reaction mixture containing Mn2+ ions, IAA and HCA. The necessity of the - 
two former compounds could be eliminated by exogenous H202. This sugd 
gests that  Mn 2+ and IAA are involved in isoperoxidase B 1 - -  cat alyze 
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TABLE 2 

The abil i ty of tested compounds to induce ethylene formation in wheab ooleopbile segments. The 
effect of 0.1 mM IAA is t aken  as 100 %. I f  nob specified, 0.05 M potassium phosphate  buffer 
pH 6.0 was used 

Effect 
(in % of IAA action) 

Compound Concentrat ien 
after  4 h of after 20 h of 
incubat ion incubat ion 

Mitomycin C 5 ~g m1-1 0 0 

2,4-dichlorophenoxyacetie 
acid 0.1 mM 100 100 

r acid 0.1 mM 100 100 

Indole-3-butyric acid 0.1 mM 100 100 

Indole-3-propionic acid 0.1 mM 10 10 

Indole 0.1 mM < 5 < 5 

L- t ryptophan  0.1 mM < 5 < 5 

Indole-3-acetyl-L-asparagic 
acid 0.1 mM 50 36 

Acetate buffer, pH 4.0 0.05 M 0 0 

Glucobrasaicin* 1 mM 90 90 

* The sample of gluoobrassicin was the  kind gift of Dr. M. KutKSek, DrSo. from the  Institute 
of Exper imental  Botany  of the  Czechoslovak Academy of Sciences. 

formation of enzyme - -  H202 intermediary complex, which is a prere- 
quisite need for subsequent KMBA oxidation. IAA serves probably 
as an electron donor and reaction rate depends on its concentration. The 
kinetics of isoperoxidase B 1 - -  catalyzed ethylene formation from KMBA 
is very similar to tha t  of IAA oxidation reported previously (ZMRHAL and 
MACHX~KOVX 1978). IAA could be replaced by HSO~- ions, which were an 
even more effective electron donor than  auxin. I t  is difficult, however, to 
interprete these results, as hydrosulfite ions decompose KMBA also non- 
enzymatically.  Ferulic acid caused a lag period prior to ethylene formation. 
This reflects lower isoperoxidase B 1 affinity to KMBA than  to preferentially 
oxidized FA. 

We have extended these results to find if IAA could regulate ethylene 
formation in vivo by the same w a y  as in vitro, i.e. through its electron 
donator  function. Segments of etiolated wheat coleoptiles produced no 
measurable amounts of ethylene by themselves, but  they  were able to do it at  
the presence of IAA. IAA effect, however, was rather of aft inductory nature  
and could not  be simply explained through regulation of peroxidase reaction 
rate.  Thus, even if our tentat ive assumption was correct, we would not  have 
been able to confirm it because of the simultaneous strong inductory effect 
of IAA. 
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IAA-binding site is probably of low specifity; coleoptile segments produced 
comparable amounts of ethylene under the influence of both IAA and syn- 
thetic auxins 2,4-D, NAA and IBA, respectivelly. Also some other indole 
derivatives were able to induce ethylene formation, but their efficiency was 
very low. Moreover L-try and indole slowed down IAA-induced ethylene 
formation. Such interactions could be interpreted as a competition for bind- 
ing site between related compounds. Similar effects have been reported for 
N,N-dimethyltryptophan (ANDERSON et al. 1975). 

We are convinced that  peroxidase participates in ethylene formation in 
wheat coleoptiles; the reasons for it are the following: Both FA (o-diphenol) 
and sodium benzoate (free radical trap) significantly inhibited IAA-induced 
ethylene formation. Moreover, the stimulatory effect of L-met and, especially, 
the strong inhibitory effect of rhizobitoxine analogue, which is the potent 
inhibitor of L-met transamination (OwENs et al. 1971) suggest that  ethylene 
is produced via L-met - - - - - -KMBA-- - - - -C2H4 route also in wheat coleop- 
tiles. The failure to demonstrate in rive conversion of KMBA to ethylene 
might reflect either inability to transport this substrate or inability to 
convert it into high-energy metabolite (ethylene formation in apples starts 
with S-adenosylmethionine -- YANG 1975). 

From recent literature we have learned about IAA effects on protonic 
pump (M~,~TZr, et al. 1977). Wheat coleop~ile segments, however, produced 
no ethylene in as acidic a medium as that  of pH 4.0. On the other hand, we 
observed clear and strong inhibitory effects of cycloheximide and actino- 
mycin D. Tbese results suggest implication of both proteosynthesis and 
nucleic acid metabolism in IAA-induced ethylene formation. 

The inhibitory effect of ~-amanitin was too low to allow us to decide if 
I~NA polymerase II  was also involved. Finally, the surprising synergic action 
of mitomycin C and IAA might, possibly, be explained by the presence of 
indolic nucleus in mitomycin C molecule. 

Based on the recent work of MATTOO and LIEBERMAN (1977) there is a reason 
to believe that  enzymatic system: transaminase and peroxidase, which is 
responsible for ethylene formation in plant cells, is bound to the pectic 
moiety of the primary cell wall. Our previous results agree with this finding. 
Wheat isoperoxidase B 1 is believed to be localized in the primary cell wall 
(ZMRHAL and MACH~KOVA_ 1978) .  

A c k n o w l e d g e m e n t s  

We are very much indebted to Dr. A. Stempel from Hoffman-La Roche Inc. for his generous gift 
of aminoethoxy-analogue of rhizobitoxine, and to Calbiochom AG for providing us with L-amino 
acid oxidaso. We also t hank  to Dr. V. Pa6es, CSc. and  Dr. J.  K~ra, DrSc. of the  Ins t i tu te  of 
Organic Chemistry and  Biochemistry, Czechoslovak Academy of Sciences, for giving us mito- 
myein C and ~-amanitin. 

R E F E R E N C E S  

ANDERSON, J.  D., MANDA.YA, N., GARRET, S. : Inhibi t ion of hormone-induced ethylene synthesis 
by  the indole plant-growth inhibitor from A b r ~ s  p r e c a t o r i u s .  - -  Plan t  Cell Physiol. 16 : 233 
to 236, 1975. 

N o t e  in  p roo f i  During processing of this  manuscr ipt  1-aminoeyclopropane-l-carboxylic 
acid (ACC) was identified as an  intermediate of ethylene biosynthesis (ADA:~S, D. 0 . ,  YANG, S. F. : 
P lant  Physiol. {~ : 285--294, 1979 and  Li?RSSEN, K.,  N A U ~ ,  K.,  SC~R6DE~, 1~. : Z. Pflanzen- 
physiol. 92 : 285-- 294, 1979). This might  be the  cause of incapabil i ty of wheat  coleoptile segments 
to metabolize the  cr acid (KMBA) as  described above. 



72 I. MACI-L~(~KOV/~ ET AL. 

~I~ANILIaIN, D., Mol~oa~, P. W. : Rapid production of auxin-induced ethylene. -- Plant Physiol. 
6 2  : 181--162, 1978. 

KA~O, B. G., N~.woo~,  W., B ~ G ,  S. P. : Mechanism of auxin-induced ethylene production. -- 
Plant Physiol. 47 : 504--509, 1971. 

LIEBER~N, M., KtmistrI,  A. T. : Ethylene-forming systems in etiolatod pea seedling and apple 
tissue. -- Plant Physiol. 55 : 1074--1078, 1975. 

MAC~6KOV.~, I., G~6EV.~, K.,  Z~RgAr., Z.: The role of peroxidaso in the metabolism of 
indolo-3-aeetie acid and phenols in wheat. -- Phytoehomistry 14 : 1251--1254, 1975. 

M~so~r, L. W., M~Rorr, J. F., WARD~E, D. A. : Biosynthesis of ethylene. 4-methylmereapto-2- 
-oxo-butyric acid: an intermediate in the formation from methionine. -- Bioehom. d. 115 : 653 
to 656, 1969. 

MATTOO, A. K., L I E B E R ~ ,  M.: Looalization of the othyleno-synthetizing system in apple 
tissue. -- Plant Physiol. 60 : 794--799, 1977. 

MEN~ZE, J'., R~.Y~rOND, B., 0 o ~ ,  d. D., RAY~E, D. L. : Auxin-induced hydrogen ion seoretion in 
Helianthus ~nd its implioations. -- Plant Physiol. 60 : 509--512, 1977. 

OweNs, L., Lng~ER~r-~, M., KuNIsrrI, A. T. : Inhibition of ethylene production by rhizobitoxino. 
-- Plant Physiol. 48 : 1--4, 1971. 

S / t ~ i ,  S., IMASEKI, H. : Auxin-induced ethylene production by mungbean hypoeotyl segments. 
- -  Plant  Cell Physiol. 12 : 349--359, 1971. 

ST~.EN, D. A., C~d)WICX, A. W. : Effects of cycloheximide on indoleaeotie acid-induced ethylene 
production in pea root tips. -- Plant Physiol. 52 : 171, 1973. 

Y,~A~Q, S. F.  : The bioohomistry of ethylene: biogenesis and metabolism. -- In : RU~CCKELS, V. 0. 
SONDH~I~E~, E., WALTOn, D. 0. (ed.): The 0homistry and Biochemistry of Plant  Hormones 
Recent Advanoos in Phytoohemistry, Vol. 7. Pp. 131--164. Aead. Press, New York 1975. 

ZI~-Rm~, Z., M~_c~6xov~, I. : Isolation and characterization of wheat peroxidase isozyme B 1. -- 
Phytoehemistry 17 : 1517--1520, 1978. 


