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Abstract
Pukacka S., Kieliszewska-Rokicka B. 1988. Peroxidase and catalase activities during the
accelerated ageing of Norway maple (Acer platanoides t..) seeds. Arbor. Kdrnickie 33: 239—247.

Changes of enzyme activity of peroxidase and catalase in imbibed Norway maple seeds during
5 weeks of storage under various temperature conditions were studied. It was found that the enzymes
were most active in seeds stored at 3°C. At the higher temperatures (20°C and 30°C) total enzyme
activity of peroxidase and catalase and the activity of particular isoperoxidases gradually decreased.
The reduction of catalase activity in cotyledons corresponded in time with the decrease of the seed
viability.
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INTRODUCTION

Seeds of Norway maple {Acer platanoides L.) belong to the mesobiotic group
of seeds, which under favourable conditions (sufficiently low humidity and
temperature) can be stored over several years without loss of viability. After
maturation and dispersal seeds ofthis species are in a state of deep dormancy and
require for their germination several weeks of cold stratification. However, at an
increased temperature the seeds do not germinate and loose progressively their
viability.

High temperature, moisture content and oxygen pressure are ageing factors
for many seeds (Roberts, 1981). According to the hypothesisof Harring-
ton (1964) the main expression of seed ageing is the loss of the ability to
synthesize protein de novo (Kulka, 1971, 1973, Roberts et al., 1973,
Szczotka, 1975). Moreover denaturation of the protein part of enzymes and
decrease of their activities takes place (Roberts, 1972). The loss of activity of
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certain enzymes in seeds seems to be an early event in seed deterioration.
Abdul-Baki (1969) has pointed out that greatest interest of authors has
centered on respiratory and associated enzymes e.g. catalase, peroxidase,
cytochrom oxidase and glutamic acid oxidase, whose activities tend to decline
with the loss of seed viability. Gosling and Ross (1981), however, found an
increase of peroxidase activity during ageing of hazelnut seeds and Szczotka
(unpublished data) observed different tendencies of peroxidase activity in
various oak species. Enzyme activities of peroxidase and catalase are considered
to be indicators of leaf senescence (Parish, 1968, Lazar and Farkas, 1970,
Patra et al.,, 1978, Braber, 1980).

This paper reports changes of peroxidase and catalase activities as well as
isoperoxidase patterns in Norway maple seeds stored in conditions of high
humidity at temperatures 20° and 30°C. These results are compared with those of
cold stratification at 3°C.

MATERIAL AND METHODS

Plant material and conditions of the experiments were similar as in a previous
study work (Pukacka, 1983).

Seeds of Norway maple with a water content of 10% after collection were
stored in tightly sealed polyethylene bags at — 3°C. For the experiments the seeds
were surface sterilized by dipping for several minutes into 0.5% HgCI, solution
and washed several times with distilled water. After imbibition the seeds were
placed in conditions of high humidity on plates covered with filter paper
permanently connected with a water source, at temperatures 20° and 30°C.
A part ofthe seeds was placed at temperature of 3°C, that is in conditions of cold
stratification. The experiment lasted for 5 weeks. Material for analysis was taken
at weekly intervals.

Seed viability was determined by the tetrazolium test according to ISTA rules
(Anonym, 1976), taking four samples of 10 seeds each for each analysis.
Enzyme preparations. Crude enzyme preparations from embryo axes and
cotyledons were made. Batches of 50 embryo axes were homogenized in
a porcelain mortar with 4 ml of 0.01 M phosphate buffer pH 7, containing 1%
polyclar AT. The homogenate was centrifuged at 15000 x g for 10 minutes. The
supernatantwas used as an enzyme preparation. Also 50 cotyledons were ground
in a porcelain mortar in the presence of fluid nitrogen. The powdered tissues were
transfered into glass filter G4 and washed several times with cold acetone — first
80%, then 100%. The protein fraction was extracted for half an hour with 0.01
M phosphate buffer pH 7, containing 1% polyclar AT. The homogenate was
centrifuged at 15000 x g for 10 minutes. The supernatant was used as the
enzyme preparation.

Determination of protein co ntent. The method of Potty (1969) was
used with bovine serum albumin as the standard.
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Enzyme assays. Peroxidase and catalase activities were determined accor-
ding to Chance and Maehly (1955). The reaction mixture for peroxidase
contained 0.5 ml of 0.1 M phospate buffer pH 6, 0.5 ml 0of0.2 M H20,, 0.5 ml of
1% guaiacol and 50—100 g! of the enzyme preparation. Peroxidase activity was
defined as AODA400 nm per 10 pg of protein per | minute. The reaction mixture for
catalase activity determination contained 1 ml of0.01 M phosphate buffer pH 7,
I ml of 0.001 M H20? and 50—100 pl of the enzyme preparation. In the
analytical controls H202 was omitted. The decrease of optical density was
measured using Specord spectrophotometer at 2 =230 nm. Catalase activity was
defined as AOD230 pm per 100 pg of protein per 1 minute.

Isoenzyme separation. Isoperoxidases were separated by the polyac-
rylamide disc electrophoresis method (Davis, 1964). Comparable amounts of
protein were applied onto gel columns.

Isoenzyme staining. Peroxidase isoenzymes were stained by the method
described by Schrauwen (1966) with benzidine and guaiacol as substrates.
The reaction was performed for 15 minutes at room temperatures. After staining
the gel columns were scanned in the Vitatron MPS densitometer.

RESULTS AND DISCUSSION

Fig. | presents the viability of Norway maple seeds during storage under
various temperature conditions. At 3°C and high humidity, when natural
dormancy breaking takes place, the seeds did not lose their viability. At 20° and
30°C viability of the seeds gradually decreased, particularly at 30°C.

The level of peroxidase activity during storage of Norway maple seeds under
various temperature conditions changed in a different way in embryos (Fig. 2A)
and in the cotyledons (Fig. 2B). Nevertheless the highest proxidase activity was
found in seeds stored at 3°C, which is optimal for their viability. Higher
temperatures decreased peroxidase activity, most drastically in cotyledons,
particularly at 30°C.

Fig. 1 Viability of Acer platanoides
seeds stored after imbibition at 3°, 20° 0 | . |
and 30°C and at high humidity 0 I mn % V. weeks
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lig. 2. Changes of peroxidase activity in embryo axes (A) and cotyledons (B) of Acer platanoiilesseeds stored after imbibition at 3 . 20 and 30 C and humidity.
At the lower part of the graphs values for protein content are given
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Fig. 3. Isoenzyme patterns of peroxidase in embryo axes (A) seeds stored after imbibition at 3 . 20 and 30 C and al
high humidity. Polyacrylamide gel electrophoresis was carried out in an anionic system at pH 8.3
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No qualitative changes were found in isoenzyme patterns of peroxidase from
embryos nor from cotyledons (Fig. 3). The conditions of accelerated ageing
caused a decrease of isoperoxidase bands activity, however termolability of
particular electrophoretic fractions was different. These results support those of
the spectrophotometric analyses.

Function of peroxidase in senescence is not clear. Other authors have found
both decrease and increase of peroxidase activity during plant senescence. The
level of peroxidase activity and the number od electrophoretic fractions
increased during ageing of leaves (Bates and Chant, 1970, Lazar and
Farkas, 1970, Braber, 1980) and of hazelnut seeds (Gosling and Ross,
1981). However, Kar and Mishra (1976) as well as Patra and Mishra
(1979) observed different tendencies of peroxidase activity in attached leaves of
various species and concluded that distribution of the enzyme activity during
senescence seems to be species specific and cannot be taken as an indicator of leaf
senescence. Similarly in this work we did not find any simple relation between the
viability of seeds and peroxidase activity level.

Changes in enzyme activity of catalase are presented in Fig. 4. In the
conditions of accelerated ageing activity of this enzyme in the cotyledons
increased during the first two weeks of the experiment and after that gradually
decreased. In seeds stored at 3°C a steady increase of catalase activity was
observed.

Similarly Parish (1968), Kar and Mishra (1976) found a decrease of
catalase activity during senescence of both attached and detached rice leaves.
However Patra et al. (1978) observed an increase of catalase activity during
senescence of cotyledons in several plant species.

In the case of Norway maple seeds we have found that the decrease of catalase
activity (Fig. 4) corresponds in time with the decrease of seeds viability (Fig. 1)
and can be taken as an indicator of seed ageing.

Fig. 4. Changes of catalase activity in cotyledons of Acer platanoides seeds stored after imbibition at
3°,20° and 30°C and at high humidity
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SUMMARY

Seeds of Norway maple were stored after imbibition for 5 weeks in conditions
of high moisture content at three temperatures: 3°, 20° and 30°C. At weekly
intervals the viability, the enzyme activity of peroxidase and catalase, as well as
isoenzyme patterns of peroxidase on polyacrylamide gel, were analysed.

The highest peroxidase activity was found in seeds stored at 3°C, which is
optimal for their viability. Higher temperatures, particularly 30°C, decreased
total peroxidase activity, however no simple relation was found between the
viability of seeds and peroxidase activity level. Also no qualitative changes in
isoenzyme patterns of peroxidase were found.

Catalase activity increased during 5 weeks of seed storage at 3°C. At higher
temperatures the activity increased a little during the first 2 weeks of the
experiment and then gradually decreased. The reduction of catalase activity
corresponded in time with the decrease of seed viability and can be taken as an
indicator of Norway maple seeds ageing.

Accepted for publication 1987.
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Aktywnos$¢ enzymatyczna peroksydazy i katalazy podczas przyspieszonego starzenia
nasion klonu zwyczajnego (Acer platanoides L.)

Streszczenie

Nasiona klonu zwyczajnego byty przechowywane po specznieniu przez 5 tygodni w warunkach
duzej wilgotnosci w trzech temperaturach: 3°, 20° i 30°C. W tygodniowych odstepach analizowano
zywotnos¢ nasion, catkowita aktywno$¢ peroksydazy i katalazy oraz, elektroforetycznie, wzory
izoenzymowe peroksydazy na akrylamidzie.

Najwyzszg aktywno$¢ peroksydazy stwierdzono w nasionach przechowywanych w tem-
peraturze 3°C, ktora byta optymalna dla ich zywotnosci. W wyzszych temperaturach aktywno$¢
peroksydazy ulegata obnizeniu, zwkaszcza w temperaturze 30°C, ale nie obserwowano prostej
zaleznosci miedzy zmniejszaniem sie aktywnosci tego enzymu a spadkiem zywotnosci nasion. Nie
stwierdzono takze zmian jakosciowych w obrazie pasm elektroforetycznych peroksydazy.

Aktywnos$¢ katalazy wzrastata w czasie 5 tygodni przechowywania nasion w temperaturze 3°C,
natomiast w wyzszych temperaturach poziom aktywnosci tego enzymu podnosit sie nieco w ciagu
dwach tygodni doswiadczenia, a nastepnie stopniowo obnizat sie. Redukcja aktywnosci katalazy
odpowiadata w czasie spadkowi zywotnosci nasion i enzym ten moze by¢ uwazany za wskaznik
starzenia sie nasion klonu zwyczajnego.

BH3MMaTUYecKast aKTMBHOCTb MepoKcMAasbl W KaTanasbl BO BPeEMS YCKOPEHHOrO CTapeHusi ceMsiH
KneHa octponuctHoro (Acer platanoides L.) *

Pestome

CeMeHa K/eHa 06bIKHOBEHHOIO XpaHWMCh nocne HabyxaHus B TeueHue 5 Hefenb B YC0BUAX
60/bLUOV BNaXXKHOCTM B Tpex TemnepaTypax: 3°, 20° n 30°C. Nocne KXo Heaenn aHanm3npoBanm
YKN3HECNOCOOGHOCTb  CeMSH, MOJIHYK0 aKTMBHOCTb MNepokcuaasbl M KaTanasbl, a Takke
3M1eKTPOOpeTUHECKIN (hepMeHTHbIe CMEKTPbI MepoKcKaasbl Ha akpuiaMuae.

* ABTOpbl: CTaHucnaea lNykauka, bapb6apa Kenuwescka-Pokumuka.
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Camyto 60/1bLUYI0 aKTUBHOCTb MEPOKCHa3bl HAiEHO B CEMeHaX XPaHUMbIX B TeMnepaType
3°C, KoTopas Gblfia ONTUMaIbHONM AN UX YKU3HECTOCOBHOCTU. B 60/1ee BbICOKMX TemmnepaTypax
aKTMBHOCTb MepoKCMAasbl MOHWKanack, 0cobeHHo B 30°C, HO He Hab/oAanoCh NpocToi 3a-
BVICMMOCTY MEX/y YMEHbLLEHWEM aKTUBHOCTY 3TOTO (PEPMEHTA U MOHUKEHNEM >KI3HECTIOCOGHOCTU
CeMsiH. He HaifeHO Takke KauecTBEHHbIX W3MEHEHWA B 371EKTPOOPETUUECKUX CMeKTpax
nepoKcmaasbl.

AKTMBHOCTb KaTanasbl Bo3pacTasia B TeueHue 5 HeAeb XpaHeHus ceMsiH B Temnepatype 3°C,
B CBOIO 04epe/ib B 60/iee BbICOKMX TeMMepaTypax ypoBeHb aKTUBHOCTM 9TOr0 (DepMeHTa MoBbILLANCS
HEMHOrO B TeueHWe ABYX HefeNb OMbITa, a MOTOM TMOCTENEHHO MOHMKA/CS. YMeHblUeHe
aKTUBHOCTW KaTasiadbl OTBEYaso MO BPEMEHU MOHVKEHWIO YKU3HECTIOCOBHOCTW CEMSIH 1 3TOT
(hepPMEHT MOXKET CUMTaTLCS MOKa3aTesleM CTapeHUs CeMsiH KfeHa 06bIKHOBEHHOTO.
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