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Abstract

The activity of chlorophyllase in wild type (WT) was higher than in ethylene insensitive mutant (eti 5) of Arabidopsis
thaliana (L.) Heynh plants during the vegetative period. Chlorophyll content in efi 5 leaves was higher than in WT but

the difference decreased by the end of the experimental period.
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Chlorophyllase (Chlase) catalyzes the hydrolysis of
chlarophyll (Chi) into chlorophyllide (Chlide) and phytol,
suggesting a key role in Chl catabolism (Holden 1961,
Matile er al. 1997). Chlases have been found in vegetative
tissues of all ages (McFeeters ef af. 1971, Tanaka et al.
1682).

Mutants of Arabidopsis thaliona are being used
increasingly in physiological and biochemical studies
(Scott 1990). In the present study we used plants of
Arabidopsis thaliana (L.) Heynh wild type (WT) and the
ethylene insensitive mutant {(e#/ 5) (Harpham ef af. 1991).
The aim of the study was to establish if some known
approaches for determination of Chlase activity are
appropriate for Arabidopsis and whether there are
differences between Chlase activity in wild type and eti 5
during the vegetative period in separate leaf nodes and
how far its activity is correlated with endogenous Chl
content.

Seeds of wild type and the ethylene insensitive mutant
of Arabidopsis thaliana (L.) Heynh were sown on a 2:1
mixture of soil and perlite in plastic pots in a growth
chamber. The growth conditions were: day/night
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temperature 24/18 °C, irradiance 90 umol m? s’ and a
12-h photoperiod. Initially, Chlase activity (EC 3.1.1.14)
was determined by the methods of Holden (1961) and
Trebitsh et al. (1993). An optimization of a reaction
medium of Chlase from Arabidopsis plants has not been
previously reported. Besides, earlier published data for a
reaction medium for Chlases are different, accordingly we
carried out several steps for its optimisation (data not
shown). The leaves of drabidopsis were homogenized in
80 % acetone at 4 °C and centrifuged at 5 000 g for
10 min. The pellet was resuspended in 5 mM potassium
phosphate buffer (pH 7.0) containing 50 mM KCl + 0.24 %
Triton X-100 and centrifuged at 12 000 g for 10 min. The
supernatant was used for Chlase determination. Chl a
(Sigma-Aldrich, Deisenhofen, Germany) dissolved in
100 % acetone was used as substrate. The assay medium
contained crude enzyme extract (250 mm®), buffer
(250 mm’) and 50 mm’ of Chl a (50 pg) and it was
incubated at 37 °C for 10 min. The reaction was stopped
by the addition of 5.5 c¢cm’ of acetone : hexane : 10 mM
KOH (2:3:0.5, viviv) and the mixture was shaken and
centrifuged at 8 000 g for 5 min to separate the phases.

Abbreviations: Chl - chlcrophyll Chlase - chlorophyllase; DAS - days afler sowing; efi 5 - ethylene insensitive mutant; WT - wild

type.
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Chlide a was determined in the acefone phase
spectrophotometrically (Speko! 11, Carl Zeiss, lena,
Germany) at 667 nm and its concentration was calculated
using an absorbance of 74.9 mmol cm™ (McFeeters ef al.
1971). Chlase activity was expressed as production of
Chlide. Profein was determined by the methed of
Bradford (1976). Chl content was measured spectro-
photometrically (Arnon {949). The results presented are
from two experiments, in four replications each
determinations. The results were analysed statistically
using Fisher’s criteria.

Chlase activity varied substantially among leaves of
different ages for both WT and eri 5 (Fig. 1). At both
35 and 44 d after sowing (DAS) highest activity was
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observed at the fourth node (from the bottom) although
the difference was less pronounced at 44 DAS. At
53 DAS the oldest leaves showed a marked decrease in
activity and maximum activity was found at the fifth and
sixth nodes. With one exception (53 DAS, third node)
Chlase activity in eri 5 was higher than in WT. In both
WT and eri 5, Chl a concentration showed an increasing
gradient from old to young leaves (Fig. 1). However,
concentrations in eti 5 were greater than in WT,
especially in the youngest leaves at 35 and 44 DAS.
Previous reports indicate that Chlase activity varies
with plant age and species (Sestak 1985). Thus, Chlase
isolated from young tea, tobacco, and Citrus leaves was
considerably higher than in older leaves (Shimizu and
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Fig. 1. Chlorophyllase (Chlase) activity and chlorophyil (Chl) a content in Arabidopsis leaf nodes during the vegetative period. LSD:
5% =3.167 (Chlase) or 0.017 (Chl a}; 1 %= 4.167 (Chlase) or 0.023 (Chl ).

Tamaki 1962, Ogura 1969, Kuroki er al. 1981, Garcia
and Galindo 1991). In greening oranges Chlase and Chl
content increased in tandem (Aljuburi er o/, 1979) and in
olives Chlase activity was at a maximum during two
periods when Chl synthesis occurred (Minguez-Mosquera
and Gallardo-Guerrero 1996). The values on Arabidopsis
indicates a rather complex situation. Thus, while at
35 and 44 DAS there was less activity in the younger leafl
(with the exception of the oldest node), at 53 DAS high
Chlase activity was in the younger leaves. This suggests
that in non-senescent leaves activity is related to leaf age
with higher activity in pre-senescenl leaves than in
younger ones but that senescence ifself results in a
reduction in activity. Hence, Chl a concentration is not
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directly correlated with Chlase activity. The same overall
pattern was observed in the et/ 5 mutant, except that in
this case senescence is delayed relative to WT. This is
unsurprising since this mutant is insensitive to ethylene
(Harpham et al. 1991) which can accelerate senescence in
detached Arabidopsis leaves but not in the mutant. This
insensitivity may regulate Chlase activity since other
work (Trebitsh er al. 1993) indicates that ethylene can
induce the synthesis of Chlase in oranges. Despite of
recently finding, Chlase homologues from Arabidopsis
(Tsuchiya et al. 1999), the relationship between Chlase
and Chl content and the precise role of Chlase remain
open.
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