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Induction of Peroxidase Activity by Ethylene in Sweet Potato'
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Metabolic activation in sweet potato root tissues injured by
mechanical, chemical, or fungal damage has been extensively in-
vestigated (1, 2, 8, 14-16). Previously, it was shown that meta-
bolic activation, particularly peroxidase and phenylalanine-am-
monia lyase activities, developed when sweet potato roots were
sliced. These activities were significantly enhanced by a strikingly
low level of ethylene exogenously supplied to the slices (11). Incu-
bated root slices produced enough ethylene to enhance metabolic
activation before any increase in enzyme activity occurred (9). It
was also found that ethylene production is greatly stimulated
when tissue is injured (10, 12, 16). A comparison of polyacryl-
amide gel electrophoretic patterns for peroxidase isoenzymes
extracted from slices incubated with or without ethylene revealed
identical qualitative patterns (9). Those results suggest that the
metabolic activation which occurs in sliced tissues in the absence
of exogenously added ethylene is regulated by endogenous ethyl-
ene produced in response to the injury caused by slicing the tissue.
In the present communication, the author wishes to present ad-
ditional evidence in support of the above view. Since the increase
in peroxidase activity after slicing was particularly sensitive to
exogenous ethylene, peroxidase activity is mainly dealt with
in the present paper.

MATERIALS AND METHODS

Sweet potato roots (Ipomoea batatas Lam., cultivar Norin 1)
were harvested in late October and stored at 10 C until used.
Storage at this temperature until the next June caused no ap-
parent cold injury although there was a slight change during the
storage in the degree of biochemical response of the roots to slic-
ing. Most of the experiments were performed with roots culti-
vated in Aichi Prefecture; however, the experiment presented in
Table I was done with the roots cultivated in Chiba Prefecture.
The roots were cut into 2-mm-thick slices, and discs 18 mm in
diameter were prepared with a cork-borer from the inner paren-
chymatous tissue. The discs were thoroughly washed with water
and placed in Petri dishes containing a sheet of filter paper, and
then the Petri dishes were set in large desiccators. Desired gas
mixtures were obtained by first evacuating dessicators then in-
troducing a desired volume of oxygen, carbon dioxide, or ethyl-
ene, and finally refilling the desiccator with ethylene-free air to
atmospheric pressure. In the case of experiments under reduced
pressure, the top and bottom parts of a desiccator were tightly
clamped to minimize gas leakage, and pressure was monitored
by a manometer. Oxygen and carbon dioxide were obtained in
tanks from local sources and used without prior washing; the
air to be introduced into desiccators was passed through a
brominated charcoal column. Ethylene of 99.9%O purity was
purchased from Takachiho Chemical Industry, Shibuya, Tokyo.
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Five discs weighing 2.8 g were sampled at intervals during incu-
bation at 27 C, and were homogeniLed in a glass homogeni-er with
5 ml of pH 7.0 potassium phosphate buffer (0.05 M) containing
0.5% sodium isoascorbate. The resultant homogenate was cen-
trifuged at 12,000 g for 15 min, and 2 ml of the supernatant was
charged onto a column of Sephadex G-25 (16 mm by 10.5 cm,
bed volume 20 ml), equilibrated with the same phosphate buffer
but without isoascorbate. The column was eluted with the above
mentioned buffer, and total protein was quantitatively collected
in a 5-ml eluate. All of the procedures were carried out below 5 C.

Peroxidase activity was measured as described previously (9)
and was expressed in figures and tables as absorbance at 450
nm/g of tissue under standard conditions.

RESULTS AND DISCUSSION

Figure 1 shows that the peroxidase increase stimulated ty
ethylene was inhibited by 5% carbon dioxide. Similarly, the in-
crease without ethylene was also inhibited by carbon dioxide at
the same level. Inhibition of the increase without added ethylene
was always partial, and complete inhibition has not been obtained
even with 10% carbon dioxide in an incubation atmosphere.
Furthermore, the extent of the inhibition varied with length of the
storage period of sweet potato roots after harvest; inhitition by
carbon dioxide decreased as the storage period lengthened. Car-
bon dioxide is known to be an inhibitor of ethylene action in
plant tissues. For example, by using etiolated pea stem sections,
Burg and Burg (4) demonstrated that carbon dioxide is a com-
petitive inhibitor of ethylene action. Similar results were oltained
in the regulation of plumular hook opening in etiolated pea seed-
lings by light and ethylene (13). Therefore, a reduced enhance-
ment of peroxidase activity in sweet potato root slices treated
with carbon dioxide suggests participation of endogenous ethyl-
ene in the induction of peroxidase.

Storage of banana fruits under subatmospheric pressure has
been reported to minimize the effect of endogenous ethylene on
the ripening processes, resulting in a delay of yellowing (5).
When sweet potato slices were incutated under reduced pressure,
peroxidase increase during the incubation period was always
lower than the control level. As is shown in Figure 2, incubation
at one-fifth atmospheric pressure in pure oxygen, which provided
roughly the same oxygen level as incubation in air, resulted in a
reduced enhancement of enzyme activity, but the presence of
exogenous ethylene under these conditions gave rise to enzyme
formation at the rate observed with ethylene-air at atmospheric
pressure. Therefore, it is assumed that ihe inhitition observed
under reduced pressure is not a physical effect of reduced pressure,
but rather is due to a lowered level of endogenous ethylene.

Incubation of slices in pure oxygen at atmospheric pressure also
lowered the rate of enzyme increase compared to an air control,
and addition of ethylene to the pure oxygen resulted in an in-
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Table I. The Effect of Ethylene on Peroxidase Increase in 2 mm
Discs and Thick Blocks of Sweet Potato Root

Experiment 1: Round root blocks, 3-cm-thick with peels at-
tached, were incubated in various concentrations of ethylene for
48 hr and were cut parallel to the original cut surface into 3-mm
slices. Peroxidase activity in the first and third layer slices was
assayed. Experiment 2: Peroxidase activity was compared in
2-mm discs and the third layer of 3-cm-thick blocks treated for 48
hrAwith various concentrations of ethylene.

Peroxidase Activity (A 45o/g Fresh W:eight) in
Tissues Located at

Ccncentraticns cf Ethylene Experiment 1 Experiment 2

0-3 mm 6-9 mm d 6-9 mm
(1st layer) (3rd layer) 2-mm discs (3rd layer)

gi/liter
0 294 237 333 208
1 551 391 ... ...
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FIG. I. The effects of ethylene and carbon dioxide on peroxidase in-
crease in sweet potato root slices during aerobic incubation at 27 C.
Discs, 2-mm-thick and 18-mm in diameter, were incubated in desic-
cators in atmospheres containing 10 d1/liter of ethylene, 10 bl1/liter of
ethylene plus 57c carbon dioxide, or 5% carbon dioxide alone. In the
control without carbon dioxide or ethylene, the desiccator contained
20% KOH and 0.25 M mercuric perchlorate to remove carbon dioxide
and ethylene generated by the slices. The gas mixture was renewed
whenever samples were withdrawn.

crease to the ethylene-air level. Thus, high oxygen tension itself
was not inhibitory to the enzyme increase mechanism. Previ-
ously, it was found that a high oxygen tension in an incubation
atmosphere inhibited ethylene production in diseased sweet
potato roots (10). Therefore, the lowered enzyme increase ob-
served here might te due to reduced ethylene production under
high oxygen levels. When air was employed as an incubation at-
mosphere, the presence of ethylene under reduced pressure
caused some increase in enzyme formation, but did not restore the
increase to the ethylene-air level at atmospheric pressure, pre-
sumatly resulting from shortage of oxygen.
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FIG. 2. The effects of reduced pressure and oxygen on peroxidase
increase in sweet potato root slices. After flushing with ethylene-free
air or oxygen, the desiccators containing the discs evacuated to the
desired pressure before 10 ,Al/liter of ethylene were added as indicated.
A: Air; 02: oxygen; E: ethylene; 760 and 150: atmospheric pressure in
mm of Hg.

In order to examine the effect of ethylene on sweet potato tissue
in relation to degree of injury caused by cutting, 3-cm-thick
blocks of roots were incubated for 48 hr with various levels of
ethylene, and peroxidase activity in tissue between the cut surface
and the 3-mm depth, and also in the inner 6 to 9 mm from the
surface was examined. As shown in Table I, when activities are
plotted against ethylene concentration, levels of peroxidase ac-
tivity in the inner part are always slightly lower than those at the
surface area, and increase with ethylene concentration in the incu-
bation atmosphere. A similar comparison was made between
discs and the inner part of thick blocks. In discs, enzyme forma-
tion was nearly maximal with about 10 ul/liter of ethylene. The
enzyme activity in the inner part of thick blocks was lower than
that of discs at low ethylene concentrations, but it increased as the
ethylene concentration was raised. Because incubation in ethylene
was carried out for periods as long as 48 hr, exogenously applied
ethylene must be equilibrated within the tissue block so that no
declining gradient in ethylene level from the surface to inner part
should be expected. Lower peroxidase levels in the inner part at a
given ethylene concentration must then be interpreted to mean
that the effect of cut injury is greatest at the surface area that is
injured, i.e., different tissues may show a differential response to
the same ethylene level. Tissue in the inner part was only 6 to 9
mm from the cut surface and hence may receive some influence
from cutting, possibly in the form of an enhanced production of
ethylene. It is still not clear whether cells become sensitive to
ethylene only after receiving some effect of injury or whether they
are always sensitive to exogenous ethylene and injury simply
causes cells to produce ethylene.

Slices or excised segments of other plant tissues, such as potato
tuber, burdock, and radish root, increase in peroxidase activity
during an incubation, and this increase seems to be regulated by
ethylene, since the increase was affected by exogenous ethylene
(unpublished data).
The results described in this paper indicate that endogenous

ethylene may regulate enzyme formation in injured plant tissues.
Production of ethylene by plant tissues is nearly a universal phe-
nomenon (3), which is affected by many environmental factors,
such as light (6, 13) or physical and chemical stimuli (7, 17) and
also by such internal factors as growth regulators (3). Inasmuch
as most physiological phenomena induced by ethylene are also
regulated by other growth regulators, ethylene may play an im-
portant role in the regulation of cellular metabolisms which are
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related not only with morphological changes, but also with basic
cell processes
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