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Lack of evidence for causal relationship between
peroxidase activity and dark-induced senescence of

detached corn leaves
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Abstract. We investigated the role of peroxidase activity in the regulation of dark-induced senescence of detached
corn leaves. The optimum pH for peroxidase activity was 5.8. Peroxidase activity was found to decrease only
in the later stage of senescence. Benzyladenine, a synthetic cytokinin, retarded senescence but had no influence
on peroxidase activity. Abscisic acid and methyl jasmonate promoted senescence but did not influence peroxidase
activity. Gabaculine, an inhibitor of heme synthesis, and tunicamycin, a protein glycosylation inhibitor, decreased
peroxidase activity but had no effect on senescence. Our results suggest that peroxidase did not play a role in

dark-induced senescence of detached corn leaves.
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Introduction

Chlorophyll loss and protein degradation are charac-
teristic symptoms of leaf senescence. Parish (1968)
suggested that the increase in the activity of peroxidase
(EC 1.11.1.7) in tobacco leaves is one of the most
reliable indicators of senescence, and plays an important
role in it’s regulation. Increased peroxidase activity
during leaf senescence has been reported in several other
plant species (Abeles and Dunn, 1989; Braber, 1980; De
Jong, 1972; Hazell and Murray, 1982; Kar and Mishra,
1976; Kumar and Khan, 1983; Kuroda et al., 1990).
Peroxidase activity of detached barley leaves, however,
was found to decrease during dark-induced senescence
(Sharma and Biswal, 1976). Birecka et al. (1979) re-
ported that a decrease in peroxidase activity was ob-
served only at the later stage of dark-induced senescence
of oat leaves.

In view of this conflicting evidence, we set out to
check whether total peroxidase activity contributes to
the regulatory complex that controls the senescence of
detached corn leaves in the dark.

Materials and Methods

Plant material and incubation conditions

Seedlings of corn (Zea mays cv. Tainung 1) were
grown in vermiculite in a greenhouse with natural light
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at 30 °C day/25 °C night for 7 days, by which time the
primary leaves were fully expanded. The apical 2.5-cm
segments were excised from the primary leaves and were
placed vertically in test tubes with the cut end sub-
merged in 2 ml of distilled water or test solutions and
incubated at 27 °C in the dark.

Determination of chlorophyll and protein

Chlorophyll was extracted and determined following
the method of Wintermans and De Mots (1965) after
extraction in 96% ethanol. For protein determination,
leaf segments were homogenized in 50 mM sodium
phosphate buffer (pH 7.5). The extracts were centri-
fuged at 17,000 x g for 20 min, and the supernatant
liquids were used for determination of protein by the
method of Bradford (1976). Chlorophyll and protein
levels were expressed as mg g fresh weight.

Peroxidase assay

Leaf segments were homogenized using a mortar and
pestle in 50 mM sodium phosphate buffer (pH 6.8). The
homogenate was centrifuged for 20 min at 12,000 x g
and the supernatant liquid was used as crude extract.
Peroxidase activity was assayed in a solution containing
7.2 mM guaiacol, 11.7 mM H,0,, 50 mM sodium phos-
phate buffer (pH 5.8), and 0.1 ml extract in a final
volume of 3.0 ml. The reaction was initiated by the
addition of H,0, and the change in absorbance at 470 nm
was measured. The activity was expressed as units g-!
fresh weight. One unit activity was defined as an in-
crease of one A per min.
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Design of the experiment

For all measurements, each treatment was performed
four times. All experiments described here were per-
formed at least three times. Similar results and identical
trends were obtained each time. The data reported here
are from a single experiment.
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Figure 1. Chlorophyll and protein levels and peroxidase
activity in detached corn leaves during dark-induced senes-
cence. Vertical bars represent standard errors. Only those
standard errors larger than symbol size are shown.

Results

The optimum pH for peroxidase extracted from de-
tached corn leaves was 5.8 (data not shown). The senes-
cence of corn leaves was tracked by measuring the
decrease of chlorophyll and protein. Figure 1 shows the
time courses of chlorophyll and protein levels and per-
oxidase activity of detached corn leaves under dark
conditions. A decrease of chlorophyll and protein was
evident 2 days after leaf detachment. Peroxidase activity
remained unchanged during the first 3 days of dark
incubation and then decreased by day 4.

The influence of BA (a synthetic cytokinin) on senes-
cence and peroxidase activity is shown in Figure 2.
Benzyladenine retarded senescence of detached corn
leaves but had no effect on peroxidase activity. Figure 2
shows the influence of ABA on senescence and peroxi-
dase activity of detached corn leaves in the dark. ABA
promoted senescence but had no influence on peroxi-
dase activity. Jasmonates and ABA have a number of
structural and functional similarities (Parthier, 1991).
The influence of MJ on this system was investigated.
Similar to ABA, MJ effectively promoted senescence
but had no influence on peroxidase activity (Figure 3).

Peroxidase is ahemoglycoprotein and requires aheme
moiety for its normal function (Chibbar et al., 1984a;
1984b). To further characterize the role of peroxidase on
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Figure 2. Influence of BA and ABA on chlorophyll and
protein levels and peroxidase activity of detached corn leaves.
The concentrations of BA and ABA are 10 uM and 45 uM,
respectively. Chlorophyll and protein levels and peroxidase
activity were determined at 4 days after treatment. Vertical
bars represent standard errors.

dark-induced senescence of detached corn leaves, ex-
periments were carried out with tunicamycin, a protein
glycosylation inhibitor (Handa, 1985), and gabaculine,
an inhibitor of transaminase that has been used to inhibit
synthesis of chlorophyll and phytochrome (Gardner and
Gorton, 1985; May et al., 1987). Gabaculine and tunic-
amycin were applied to detached corn leaves in the dark.
As shown in Figure 4, both gabaculine and tunicamycin
had no influence on senescence but did cause a decrease
of peroxidase activity. Our results are consistent with
those obtained by Abeles and Dunn (1989), who re-
ported that neither gabaculine or tunicamycin reduced
chlorophyll breakdown, but they did inhibit both endog-
enous and ethylene-induced peroxidase synthesis.

Discussion

Several different patterns of peroxidase activity have
been reported during dark-induced senescence of de-
tached leaves. In most cases, peroxidase activity in-
creased during senescence (Abeles and Dunn, 1989;
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Figure 3. Influence of MJ on chlorophyll and protein levels
and peroxidase activity of detached corn leaves. Chlorophyll
and protein levels and peroxidase activity were determined at
4 days after treatment. Vertical bars represent standard errors.
Only those standard errors larger than symbol size are shown.

Braber, 1980; De Jong, 1972; Hazell and Murray, 1982;
Kar and Mishra, 1976; Kumar and Khan, 1983; Kuroda
et al., 1990; Parish, 1968). In a second pattern, peroxi-
dase activity decreased during senescence (Sharma and
Biswal, 1976). In a third pattern, peroxidase activity
decreased only at the later stage of dark-induced senes-
cence (Bireckaetal., 1979). Our results are in agreement
with the third pattern. These observations are not consis-
tent with the hypothesis that peroxidase functions as a
senescence-inducing enzyme (Parish, 1968).

If peroxidase were linked with senescence due to its
ability to eliminate hydrogen peroxide, the production
of which increases in leaf tissues with senescence
(Mondal and Choudhuri, 1982), and if its activity was
rate-limiting, then one would expect a decreased en-
zyme activity in ABA- and MJ-treated segments and an
increase in BA-treated segments. Peroxidase activity,
however, was not affected by ABA, MJ and BA treat-
ments, though senescence was promoted by ABA and
MJ and retarded by BA. These results further support our
conclusion that there is no causal relation between per-

149

oxidase activity and dark-induced senescence of de-
tached corn leaves. Additional evidence supporting our
conclusion is the observation that both tunicamycin and
gabaculine treatment decreased peroxidase activity but
had no effect on senescence. We also examined the
changes in the isoperoxidase pattern during senescence
of corn leaves, but no difference could be found during
senescence or treatment with BA, ABA, or MJ (data not
shown).

The fact that BA, ABA, and MJ had no effect on
peroxidase activity in detached corn leaves is peculiar.
Peroxidase activity has been found to respond to cytoki-
nins and MJ treatment in other plant leaf systems. For
example, kinetin increases peroxidase activity during
leaf senescence of cucumber (Ford and Simon, 1972),
rice (Kar and Mishra, 1976; Reddy et al., 1985), barley
(Kuroda et al., 1990), oats (Birecka et al., 1979), and
Eleusine coracana (Kumar and Khan, 1983). MJ has
been shown to increase peroxidase activity in barley leaf
segments during senescence (Weidhase et al., 1987). In
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Figure 4. Influence of gabaculine (GAB) and tunicamycin
(TUN) on chlorophyll and protein levels and peroxidase activ-
ity of detached corn leaves. The concentrations for GAB and
TUN are | mM and 0.1 ug ml”', respectively. Chlorophyll and
protein levels and peroxidase activity were determined at 4
days after treatment.
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our recent work, we also found peroxidase activity
increased in MJ-treated detached rice leaves (Yeh and
Kao, 1994). Whether the lack of sensitivity of peroxi-
dase activity to BA, ABA, and MJ treatment is specific
to corn or C, plants remains to be seen.

Acknowledgements. This work was supported by the Council
of Agriculture of the Republic of China.

Literature Cited

Abeles, F. B. and L. J. Dunn. 1989. Role of peroxidase during
ethylene induced chlorophyll breakdown in Cucumis
sativus cotyledons. J. Plant Growth Regul. 8: 319-325.

Birecka, H., M. J. Choskes, and J. Goldstein. 1979. Peroxidase
and senescence. J. Exp. Bot. 30: 565-573.

Braber, M. M. 1980. Catalase and peroxidase in primary bean
" leaves during development and senescence. Z. Pflanzen-
physiol. 97: 135-144.

Bradford, M. M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem.
72: 248-254.

Chibbar, R. N.,R. Cella, D. Albani, and R. B. Huystee. 1984b.
The growth of and peroxidase synthesis by two carrot cell
lines. J. Exp. Bot. 35: 1846-1852.

Chibbar, R. N., R. Cella, and R. B. Huystee. 1984a. The heme
moiety in peanut peroxidase. Can. J. Biochem. Cell Biol.
62: 1046-1050.

De Jong, D. W. 1972. Detergent extraction of enzymes from
tobacco leaves varying in maturity. Plant Physiol.
50: 733-737.

Ford, T. W. and E. W. Simon. 1972. Peroxidase and glucose-
6-phosphate dehydrogenase levels in cotyledons of Cucu-
mis sativus (L.). J. Exp. Bot. 23: 423-431.

Gardner, G. and H. L. Gorton. 1985. Inhibition of phyto-
chrome synthesis by gabaculine. Plant Physiol. 77: 540-
543.

Handa, A. K., N. K. Singh, and M. S. Biggs. 1985. Effect of
tunicamycin on in vitro ripening of tomato pericarp tis-
sue. Physiol. Plant. 63: 417-424.

Hazell, P. and D. R. Murray. 1982. Peroxidase isozymes and

leaf senescence in sunflower, Helianthus annus L. Z.
Pflanzenphysiol. 108: 87-92.

Botanical Bulletin of Academia Sinica, Vol. 35: 3, 1994

Kar, M. and D. Mishra. 1976. Catalase, peroxidase, and
polyphenol-oxidase activities during rice leaf senescence.
Plant Physiol. 5§7: 315-319.

Kumar, K. B. and P. A. Khan. 1983. Age-related changes in
catalase and peroxidase activities in the excised leaves of
Eleusine coracana Gaertn. cv. PR 202 during senescence.
Exp. Geront. 18: 409-417. :

Kuroda, M., T. Ozawa, and H. Imagawa. 1990. Changes in
chloroplast peroxidase activities in relation to chloro-
phyll loss in barley leaf segments. Physiol. Plant.
80: 555-560.

May, T. B, J. A. Guikema, R. L. Henry, M. K. Schuler, and P.
P. Wong. 1987. Gabaculine inhibition of chlorophyll bio-
synthesis and nodulation in Phaseolus lunatus L. Plant
Physiol. 84: 1309-1313.

Mondal, R. and M. A. Choudhuri. 1982. Regulation of senes-
cence of excised leaves of some C, and C, species by
endogenous H,O,. Biochem. Physiol. Pflanz. 177:
403-417.

Parish, R. W. 1968. Studies on senescing tobacco leaf disks
with special reference to peroxidase. I. The effects of
cutting and of inhibition of nucleic acid and protein
synthesis. Planta 82: 1-13.

Parthier, B. 1991. Jasmonates, new regulators of plant growth
and development: many facts and few hypotheses on their
actions. Bot. Acta. 104: 446-454.

Reddy, K. P, S. M. Subhani, P. A. Khan, and K. B. Kumar.
1985. Effect of light and benzyladenine on dark-treated
growing rice (Oryza sativa) leaves I1. Changes in peroxi-
dase activity. Plant Cell Physiol. 26: 987-994.

Sharma, R. and U. C. Biswal. 1976. Effect of kinetin and light
on peroxidase activity of detached barley leaves. Z.
Pflanzenphysiol. 78: 169-172.

Weidhase, R. A., J. Lehmann, H. Kramell, G. Sembdner, and
B. Parthier. 1987. Degradation of ribulose-1,5-bisphos-
phate carboxylase and chlorophyll in senescing barley
leaf segments triggered by jasmonic acid methylester, and
counteraction by cytokinin. Physiol. Plant. 69: 161-166.

Wintermans, J. F. G. M. and A. De Mots. 1965. Spectrophoto-
metric characteristics of chlorophylls a and b and their
pheophytins in ethanol. Biochim. Biophys. Acta
109: 448-453.

Yeh, J. H. and C. H. Kao. 1994. Senescence of rice leaves.
XXXIII. Changes in peroxidase activity and in peroxidase
isozymes. Bot. Bull. Acad. Sin. (in press).



Yeh and Kao — Peroxidase and corn leaf senescence 151

WA FERA I RBEEN AR T LA B RM A4

£EH ST

B GEKNBRBER

AARLE BRI B R R BRI E R B GAREY » B EREEIEZ AT - MEKERFTH
Bz BE R » HE50E pHES 5.8 < BEEEREHEECVIENEETE » EEBEEEE TR o
benzyl-adenine (BA) iZ¥E » FJZEARZE &1L ; methyl jasmonate (MJ) E2 abscisic acid (ABA) ¥R » AJ 1k
&1t o M. » BA ~ MJ ¥ ABA REHGFHEAS(LEER ZIEM o gabaculine (hemed B RIHNHIH]) &2
tunicamycin (F& HE B LIE A 2 HIHIED) 28 - AR ERE(/LERZEN  ErREEEl - Bk > Bt
BERTE TN B oK EE L IR SR BT o

RAGESE : BEfEEE ; Benzyladenine ; ZEFE1L ; Methyl jasmonate ; AE/LEER » FK o



