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Changes in Levels and Isozymes of
Peroxidase in Wounded Peach Bark
M. M. Goobin! A. R. Bices2 AND A. M. CASTLE?

Abstract

Bark on one-yr-old branches from six peach
cultivars was mechanically wounded then exam-
ined over time for changes in peroxidase iso-
zymes, total peroxidase activity, and total pro-
tein. Four peroxidase isozymes were identified
and changes in total activity were associated
mostly with one isozyme. Changes in peroxidase
activity in response to wounding were observed
with activity increasing to the highest levels at 4
and 7 days post-wounding. At 10 and 14 days
post-wounding, peroxidase levels had returned
to levels similar to the control. An unidentified
would response protein was detected in these
experiments. The timing of the appearance of
this protein was correlated with the known
relative susceptibility of the cultivars to the
peach canker pathogens, Leucostoma persoonii
and L. cincta. Comparisons of the peroxidase
isozyme profiles and total peroxidase activity
among cultivars provided no indication that

eroxidase profiles could be used as a marker
or resistance to the peach canker pathogens.

Introduction

Peroxidase are found widely in
plants and animals and appear to be
ubiquitous in nature (16). The roles of
peroxidase in plants are varied and
include diverse processes such as regu-
lating fruit development (10) and con-
ferring disease resistance (8). Previous
studies (1, 2, 3) have shown that
(Prunus persica (L). Batsch) bark re-
sponds to wounding by forming a
ligno-suberized zone around the
wounded area. The rate of suberin
production can be correlated to the
known relative susceptibility of the
?each cultivars to the canker-causing
ungi Leucostoma cincta and L. per-
soonii. Because of the known role of
peroxidase in the lignification and
suberization processes, this study was
carried out to investigate whether

peach cultivars of differing suscepti-
bility to the canker pathogens differed
in their peroxidase activities or in their
production of peroxidase isozymes in
response to wounding.

Materials and Methods

Bark Samples

Four peach cultivars, ‘Redhaven,’
‘Earlired,” ‘Vanity,” and ‘Vivid,” and
two clones from Chinese germplasm,
V68101 and V68051, were used in this
study. Cultivars were selected to rep-
resent a range of susceptibility to
Leucostoma spp. based on historical
field performance ratings with visual
assessment and a 1 to 10 numerical
rating system: 1 = no canker observed;
2 = trace in 1- or 2-year-old wood; 3 =
canker very light in major limbs of
tree; 4 = canker light to moderate in
trunk, crotch, and lower scaffold; 5 =
canker moderate in trunk, crotch, and
lower scaffold, but severe in minor
branches; 6 = canker severe in one of
trunk, crotch, or scaffold,; 7 = canker
severe in two of trunk, crotch, or scaf-
fold; 8 = tree alive but canker likely to
become major cause of death, disease
severe in trunk, crotch, and scaffold;
9 = tree dying, canker severe and
judged to be the major cause of dying;
10 = tree dead, canker severe and
judged to be the major cause of death
(R. E. C. Layne, personal communica-
tion). The order of cultivars and clones
from resistant to susceptible was deter-
mined to be: V68101, V68051, ‘Red-
haven,” ‘Vanity,” ‘Vivid,” and ‘Earlired.’
One-year-old branches from four five-
year-old trees of each cultivar were
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mechanically wounded, five wounds
per branch, with a No. 2 cork borer (4
mm diam). For sampling, a circle of
bark was removed from around the
wound at0,4 h,and 1, 2, 4, 7, 10 and
14 days post-wounding with a No. 5
cork borer (10 mm diam) and stored
on ice for 2-4 h and lyophilized. Bark
samples were lyophilized overnight and
then stored at -20 C. The tissue pieces
were bulked at each collection time
and thus one sample consisted of twen-
ty tissue pieces from each cultivar at
each time. The experiment was repeat-
ed twice over the periods of June 26
to July 10 and July 24 to Aug. 7, 1989.

Enzyme Extraction and
Protein Determination

Total soluble proteins were collected
by first grinding the bark samples in
liquid nitrogen after which 3 ml of
extraction buffer (0.01 M phosphate
buffer pH 6.0), 1 mM ethylenediamine-
tetraacetic acid (EDTA), 1 uM phenyl-
methyl-sulphonylfluoride (PMSF), 1
#M iodoacetamide, and 1% polyvinyl
pyrrolidone were added to the pow-
dered bark and collected in 30 ul corex
centrifuge tubes. The tissue homoge-
nate was vortexed twice for 15 sec
and then centrifuged at 10,000 x g for
10 min. The supernatant was collected
and lyophilized until dry. The lyophil-
ized supernatant was resuspended in
0.01 M phosphate buffer (pH 6.0) and
the mixture adjusted to 20% glycerol.
Fifty ul aliquots of the crude extract
were quick frozen in liquid nitrogen
and stored at -70 C. Crude extract
prepared in this way was used for elec-
trophoresis and spectrophotometric
assays without further purification. The
amount of protein in the extracts was
determined with a Bio-Rad (Richmond,
CA) protein assay with bovine serum
albumin (BSA) as a standard. The
method followed for the assay was
that supplied by the manufacturer.

Gel Electrophoresis
Equivalent amounts of protein (15
ug) were separated by 0.75 mm on
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10% polyacrylamide slab gels which
had 4% stacking gels. Gels were run in
Tris-glycine buffer with a Bio-Rad
mini-Protean II electrophoresis cell.
Instructions for gel preparation and
run conditions were those supplied by
the manufacturer. After electrophore-
sis, gels were stained for peroxidase
activity with guaiacol-coomassie blue
double stain by following the proce-
dure of Shimoni and Reuveni (14).

Spectrophotometric Analysis

Peroxidase activity was assayed
spectrophotometrically with guaiacol
(o-methoxy phenol) as a substrate (13).
Equivalent amounts of protein (15 ug)
were added to 1.5 ml microcentrifuge
tubes containing 1.0 mL of guaiacol
(1% solution in 0.01 M phosphate buffer
pH 6.0 and 50 ul 30% hydrogen per-
oxide. Absorbence at 420 nm was read
with a Beckman DU-50 spectropho-
tometer after a 5 min incubation at
room temperature (about 22 C). Fac-
torial analysis of variance (cultivar,
time post-wounding and experiment)
was used to examine the data (ANOVA
procedure, SAS Institute, Cary, NC).
Spearman’s nonparametric rank cor-
relation test (15) was used to examine
the relationship between enzyme levels
and relative susceptibility to the peach
canker pathogens (see 6). Ranks were
established among cultivars for the
timing of appearance and maintenance
of the wound response protein and
these were correlated with the ranks
of relative susceptibility to peach
canker.

Results

Four peroxidase isozymes were
present in all samples. The following
text will refer to each of these isozymes
by number, 1 to 4, one and four being
the slowest and the fastest migrating
enzymes respectively, with 2 and 3
having intermediate rates of migration.
Representative gels from each cultivar
are shown in Fig. 1.



CHANGES IN LEVELS AND ISOZYMES OF PEROXIDASE

‘Earlired’

Peroxidase 1 levels were highest at 0
h and declined at 4 h and 1 day post-
wounding. Levels of this isozyme
started to increase at 48 h and then
remained fairly constant through day
10. Levels of this isozyme increased
appreciably by day 14. Peroxidases 2,
3, and 4 showed no quantitative
changes except for an increase in ac-
tivity at day 14 for isozymes 3 and 4.
Enzyme responses in the second ex-
periment were similar to those in the
tirst experiment except that peroxidase
1 levels appeared to drop slightly at 4
and 10 days post-wounding.

‘Vanity’

The level of activity of isozyme 1
increased at 1 and 24 days. The levels
of isozyme 2 decreased slightly at 0 h
and 7 days. Peroxidase isozymes 3 and
4 were depressed at 2 days, otherwise
the levels of activity did not change
throughout the course of the experi-
ment. In the second experiment, the
level of isozyme 1 decreased at 14
days. The activity of isozyme 2 was
similar to that of isozyme 1. No
changes in the levels of isozymes 3
and 4 could be observed through the
course of the second experiment.

‘Redhaven’

The level of peroxidase 1 remained
constant through day 7, dropped below
day 0 levels by day 10, then returned
to day 0 levels by day 14. Peroxidase 2
levels were unchanged through day 7
and decreased at 10 and 14 days post-
wounding. Peroxidases 3 and 4 ex-
hibited changes similar to peroxidase
2. Enzyme responses in the second
experiment were similar to those in
the first experiment.

‘Vivid’

High levels of isozyme 1 were ob-
served at 0 through 2 days. Levels
decreased at 96 h and increased at 7
and 10 days post-wounding. Data from
day 14 were unavailable for this culti-
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var. For isozyme 3, high levels were
observed at 0 and 4 h, decreasing at
1-4 days, and increasing again at 7 and
10 days post-wounding. No changes
in the quantities of isozymes 2 were
observed. Isozyme 4 decreased at 4
days. In experiment 2, high levels of
peroxidase 1 were observed at 0 and
4 h followed by decreases at 1 and 2
days. Isozyme levels rose again at 4
days and 7 days then decreased again
at 10 and 14 days. No changes were
observed for isozyme 2. High levels of
isozyme 3 were observed at 0 h, de-
creasing at 4 h, increasing from day 1
through day 7, then decreasing again
at 10 and 14 days post-wounding. Per-
oxidase 4 behaved in an identical man-
ner to peroxidase 3.

V68101

Clone V68101 exhibited the lowest
peroxidase activity of all the tested
cultivars and clones. This clone also
displayed the least difference in the
pattern of response compared to the
other cultivars. Levels of isozyme 1
appeared to stay constant throughout
the course of this experiment and no
changes in the activity of isozymes 2,
3, and 4 were observed throughout
the course of the first experiment. In
the second experiment, the level of
peroxidase 1 stayed constant through
the course of the experiment except
for increases at 4 and 7 days of post-
wounding. No changes in the levels of
isozymes 2, 3, and 4 could be detected
in the second experiment.

V68051

Levels of peroxidase 1 were highest
at day 0 with quantities decreasing at
4 h and 1 day post-wounding. Isozyme
levels were increased at 2, 4, and 7
days post-wounding, then declined
again at 10 and 14 days. Levels of
peroxidase 3 were depressed after 4 h
and 1 day relative to 0 h then increased
steadily from 2 to 14 days post-wound-
ing. No changes could be detected in
isozymes 2 and 4 in response to
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Figure 1. Diagrammatic representation of polyacrylamide slab gells for the four peach cultivars
and two clones examined for bark isoperoxidase activity at 0, 4 hr, and 1, 2, 4, 7, 10, and 14 days
after mechanical wounding in June 1989 (Experiment 1). Bands from top to "bottom of figures
represent isozymes 1 - 4 and the wound response protein, respectively.

wounding. Isozyme responses in the
second experiment generally were
similar to those in the first experiment.

Total peroxidase activity is shown
for each cultivar in Fig. 2. Results
from the factorial analysis of variance
indicated that there were no signifi-
cant interactions among cultivar, time
post-wounding and experiment. Mean

absorbence values for peroxidase ac-
tivity were 1.46 and 1.41 for the first
and second experiment, respectively.
The main effects of cultivar and time
were significant (P < 0.0001). For
cultivar (in descending order), ‘Vanity,’
‘Redhaven,” clone V68051, and ‘Vivid’
exhibited higher levels of mean peroxi-
dase activity than ‘Earlired” and clone
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Figure 2. Spectrophotometric analysis (absorbance 420 nm) of peroxidase activity in the bark of six
peach cultivars at 0, 4 hr, and 1, 2, 4, 7, 10, and 14 days after wounding in two experiments
conducted in June and July 1989.
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V68101, which were similar. For time
post-wounding, mean peroxidase ac-
tivity peaked at 7 days post-wounding,
with a value significantly higher (P <
0.05) than that observed at any other
time. The correlation of ranks of mean
peroxidase activity for cultivars with
ranks for field performance viz. sus-
ceptibility to Leucostoma spp. was
not significant (Spearman’s r = -0.09).

Changes in total peroxidase activity
seems to be most affected by changes
in the levels of peroxidase isozyme 1
when the electrophoretic data is com-
pared to the spectrophotometric data.
Surprisingly, the two clones, which in
the field show the highest degree of
resistance to the canker pathogens,
have very different peroxidase pro-
files in responses to wounding. Clone
V68051 shows the highest peroxidase
activity per ug protein whereas clone
V68101 shows the lowest peroxidase
activity per ug protein. The two clones
are both derived from a seedling of
the cross NJC1 X Hui Hun Tao (here-
after referred to as NJC1HHT). V68101
resulted from open-pollination of
NJC1HHT, and V68051 is a seedling
of Babygold7 X NJC1HHT.

An unidentified wound response
protein (WRP) was detected during
the course of the isozyme experiments
(Fig. 1). The WRP showed no reaction
in gels stained for peroxidase activity
but was detected in gels stained with
Coomassie blue. In ‘Redhaven,” the
WRP first appeared at 24 h and levels
rose to their highest at 7 days then
dropped after 10 days. The appear-
ance of the WRP in the second experi-
ment was identical that in the first
experiment. For ‘Earlired,” the WRP
first appeared at 96 h post-wounding
and reached maximum intensity at 7
days. Levels of this protein started to
decline at 10 and 14 days post-wound-
ing. The response of WRP in the sec-
ond experiment was identical to that
in the first. For clone V68051, WRP
first appeared at 24 h and attained its
highest levels at 96 h and 7 days post-

FruIT VARIETIES JOURNAL

wounding. Levels declined at 10 and
14 days although the WRP could still
be detected. In the second experiment,
WRP was present at a low level at 0 h
but increased steadily at 24 h through
14 days post-wounding. With clone
V68101, WRP was present in much
lower amounts than any other clone or
cultivar. In both experiments, the WRP
from V68101 was observed from 24 h
through 14 days with unchanging
levels. Wound response protein for
‘Vivid’ was visible only at 96 h in
experiment 1 and only at 96 h and 7
days in experiment 2. For ‘Vanity,
WRP first appeared at 4 h and in-
creased until day 10. WRP was not
detected at 0 h and 14 days. In experi-
ment 2, WRP was first observed at 48
h and achieved maximum activity at 7
days. WRP was not detected at 14
days.

Discussion

Changes in peroxidase activity in
response to mecﬁanical wounding were
observed in this study. The observa-
tion that peroxidase activity was, in
most cases, highest at 7 day post-
wounding is correlated generally with
the appearance of ligno-suberized
wound periderm (4). The fact that
some cultivars showed a decrease in
peroxidase activity shortly after
wounding may be due to the activity
of proteases released from ruptured
cells at the time of wounding (12).
Released proteases would degrade
proteins in the perimeter of the wound,
thus rendering local proteins nonfunc-
tional without changing the total pro-
tein content (as determined by the
Biorad assay) of the bark. Therefore,
equivalent amounts of protein deter-
mined for the protein extracts would
differ in the amount of active enzyme.
These proteases are probably active
for a short period, i.e. 4 to 24 h, and
the subsequent increases in peroxidase
activity is probably due to de novo
synthesis of enzyme by cells surround-
ing the wound which are sufficiently
protected from the proteases but which
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are responding to the injury of nearby
cells. Higher protease activity may
explain why less peroxidase activity
was observed in V68101.

The differences in the peroxidase
activity profiles of the two most re-
sistant cultivars ( V68101 and V68051)
suggests two types of mechanisms for
responding to injury, namely an in-
ducible and constitutive mechanism.
There is precedent for the existence of
both systems (16). An inducible sys-
tem would involve the synthesis and
maintenance of increased amounts of
peroxidase for a period of time suffi-
cient to heal the wound. An alternate
system would involve a process where-
by peroxidases are produced consti-
tutively at low levels. In this way, the
plant is always ready to respond im-
mediately to a wound and no lag time
between injury and response would
be necessary.

The existence of multiple injury re-
sponse mechanisms is suggested by
the production of the wound response
protein. The timing of the appearance
and maintenance of this protein is
correlated with resistance to the canker
pathogens (Spearman’s r = 0.95, P =
0.01). The wound response protein is
produced in each cultivar in the fol-
lowing order: V68101 and V68051
(early production at 24 h and main-
tenance throughout the sample period),
‘Vanity’ and ‘Redhaven’ (early to inter-
mediate times of production followed
by rapid decline at 7 to 10 days post-
wounding), ‘Vivid’ and ‘Earlired’ (late
production and rapid decline). This
ranking matches field tests which place
V68101 and V68051 as the two least
susceptible clones, ‘Vanity and ‘Red-
haven” are of intermediate suscepti-
bility, and ‘Vivid’ and ‘Earlired” are
the most susceptible (5, 6). Whether
the response mechanism(s) in peach
involve the production of proteinase
inhibitors (7, 9, 14), stress response
proteins (11), or some other product
remains to be determined.
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The activity of peroxidase in re-
sponse to wounding seems to repro-
ducible. However, comparisons of the
types of response of one cultivar to
another provided no indication that
peroxidase profiles could be used as a
marker for resistance to pathogens
during the summer. The highest mean
peroxidase activity values observed at
7 days post-wounding may be related
to wound periderm formation, which
has been shown in other studies to be
very active at during the 4 to 10 day
period after wounding (4, 6). In the
months of May and June in Ontario, it
was shown that cultivar relative sus-
ceptibility to Leucostoma spp. was
significantly correlated with suberin
accumulation rate in the wound peri-
derm, and that this relationship ceased
to be significant during the summer
months (6). Future experiments to
examine potential resistance markers
should be conducted during this pe-
riod. In addition, more in-depth studies
on the nature of the wound response
protein are required to determine its
potential as a marker for pathogen
resistance.
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