STUDIES ON WHEAT PEROXIDASE*
By R. W. Parisut

Introduction

Recently, workers in this laboratory have studied the increased synthesis of
peroxidase in senescing tobacco leaf disks (Parish 1968a, 1968b) and the relationship
between lignification and peroxidase activity in wheat internodes (Parish and Miller
1968). The present paper reports four simple experiments designed to further clarify
the interrelationships between lignification, maturation, and peroxidase activity.

Firstly, the peroxidase activity of wheat coleoptile segments was measured to
determine whether this activity increased with maturity. The indoleacetic acid
(IAA) oxidase is thought to be a peroxidase (Ray 1958) and its activity is apparently
controlled by the level of inhibitors present (Tomaszewski and Thimann 1966). Thus
the peroxidase activity of extracts is not necessarily an indication of IAA oxidase
activity unless the levels of inhibitors are taken into account. In the second experi-
ment, the effects of extracts from various coleoptile segments on TAA oxidation in
vitro were determined.

Since peroxidase activity has been found to increase with tissue maturity
(Galston and Dalberg 1954; Pilet 1959; Parish 1968a, 1968b), the distribution of
the enzyme along wheat internodes was measured. This provided information about
internode development. Peroxidase is thought to be involved in lignin formation
(Brown 1961) and the distribution of lignin was measured to discover whether there
was a correlation with lignin content.

Finally, to ascertain whether different peroxidases were present in different
wheat tissues and whether these enzymes had different substrate specificities, per-
oxidase isoenzymes were separated by starch gel electrophoresis from a variety of
tissues and the gels stained with two substrates.

Methods, Results, and Discussion
(i) Peroxidase Activity along the Wheat Coleoptile

Wheat seeds (cv. Gabo) were germinated on moist paper tissues in darkness at 25°C. When
approximately 2:5 cm in length, the coleoptiles were removed and divided into fifths. Each
fifth was homogenized in 6-7 mm Sorenson’s phosphate buffer (pH 7-0) with a Servall Omnimixer
at 180 V for 3 min. The homogenate was centrifuged at 1500 ¢ for 10 min and the supernatant
removed. The precipitate was then re-extracted and the supernatants combined, the final volume
being 2-0 ml. The extractions were carried out at 0°C. Peroxidase activity was measured by the
method of Liick (1963) using p-phenylenediamine as substrate. Soluble protein was estimated
according to Lowry et al. (1951).
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The activities of segments (numbered from tip to base) from a single coleoptile
are shown in the following tabulation, and all coleoptiles tested gave similar trends:

Segment No. 1 2 3 4 5
Specific activity of peroxidase 4-18 4-07 4-756 5-15 6-15

The results support the contention that peroxidase activity increases with

maturity.

(ii) Destribution of IAA Oxidase-inhibiting Activity along the Wheat Coleoptile

Samples from each coleoptile segment and containing identical protein concentrations
were added to the TAA oxidase assay solution, and their effects on IAA oxidation were determined.
The assay solution was 10~%M IAA plus 0-1 um horseradish peroxidase (Sigma type VI, RZ not
less than 3-0) in 0-05M KH,PO, buffer (pH 4-5). IAA oxidation was estimated by measuring
the increase in absorbance at 248 mu, readings being taken every 5 min.
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Fig. 1.—Oxidation of IAA in the presence of extracts from segments 1, 3, 4,
and 5 of wheat coleoptile (cv. Gabo), measured by the change in optical
density at 248 mu. The coleoptile was segmented into fifths, which were
numbered from tip to base. All extracts added to the assay solution contained
identical protein concentrations. Readings were taken at 5-min intervals.
C, control line, representing oxidation rate in the absence of extracts.

The coleoptile extracts caused a lag phase in TAA oxidation, the duration ot
which was indirectly proportional to the distance of the segment from the coleoptile
tip (Fig. 1). Once the lag phase ended, oxidation was slightly stimulated by extracts
from the third, fourth, and fifth segments.
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The results resemble those obtained when various concentrations of diphenols,
known inhibitors of the TAA oxidase, are added to systems ¢n vitro (Schaeffer, Buta,
and Sharpe 1967; Parish, unpublished results). The lag phase may, of course, be
due to the presence of some alternative substrate which is preferentially oxidized.
In actual fact the diphenolic inhibitors may themselves be alternative substrates
since, at concentrations which do not inhibit the reaction indefinitely, the diphenols
are apparently oxidized before TAA oxidation occurs (Engelsma 1964; Parish, un-
published results). While considerable peroxidase activity is present in the coleoptile
tip, the results suggest that IAA is protected from destruction. This is compatible
with the theory that the increase of the TAA oxidase activity is partly due to changes
in the inhibitor—cofactor balance (Galston and Dalberg 1954; Engelsma 1964).

(iii) Lignin Content and Peroxidase Activity along the Wheat Internode

The top three internodes were removed from wheat (cv. Sherpa) in which the top internode
had almost completed elongating. The top internode and its leaf sheath were divided into fifths,
while the second and third internodes were divided into sevenths. The lignin content and
peroxidase activity of internode segments were determined. Lignin soluble in cold alcoholic
alkali was extracted by the method of Phillips (1927) modified according to Miller and Anderson
(1965). Lignin was expressed as a percentage of dry weight. Peroxidase was extracted and
estimated as already described, except that the homogenizer was run for 6 min at 220 V.
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Fig. 2.—Peroxidase activity along the top three measurable internodes (@) and along the leaf

sheath from the top internode (b) of wheat (cv. Sherpa). The top internode and the sheath were

divided into fifths and the second and third internodes into sevenths, and the peroxidase activity

of each segment estimated. The results are from a single plant, but similar trends were observed
in all plants tested.

Peroxidase activity was lowest in the middle of the internode segments, in-
creasing as the node was approached [Fig. 2(a)]. Activity was lowest in the second
and third segments of the top internode, and in the fifth and sixth segments of the
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second and third internodes respectively. The pattern of peroxidase activity in the
leaf sheath surrounding the top internode resembled that of the internode [Fig. 2()].

Lignin content was highest in the second segment of the first internode, de-
creasing down the internode to rise again in the region of the lower node, as the
following tabulation shows:

Top internode segment No. 1 2 3 4 5
Lignin content (9, dry weight) 6-8 10-5 9-9 2-1 8-0

Lignin was fairly evenly distributed along the second and third internodes, no
pattern being apparent.

The activity of peroxidase along the wheat internode suggests that the most
mature tissue occurs at the nodal regions. The classical idea of internode development
is of a meristem above each node, this intercalary meristem being responsible for
the growth of the internode immediately above it. In such a case the youngest tissue
will be at the base of the internode and the oldest at the top, with a gradation between
the two. In this experiment the top internode had not completed elongating and the
area of lowest peroxidase activity was in the middle of the internode. In the mature
second and third internodes this area was closer to the lower node. This suggests a
development in which the meristem at first adds equally to the tissue above and
below it, but later on only to the former tissue. Polukhina (1960) has studied the
anatomy of elongating wheat internodes. Her work supports the development suggest-
ed by the peroxidase pattern, viz, a zone of intercalary growth is formed in the middle
of the internode and the cells above and below the node grow vigorously, eventually
disintegrating to form an air chamber. The cell enlargement below the upper node
continues after division above the lower node has halted.

Lignin content bears no close relation to peroxidase activity (see also Parish
and Miller 1968). While lignin levels increase between the fourth and fifth segments
of the internode, they are considerably lower than levels at the top of the internode.
Peroxidase activities are similar, however, in the region of both nodes. As the inter-
nodes mature, lignin becomes more evenly distributed although the basic peroxidase
pattern is unchanged. The major factor controlling lignification would not seem,
therefore, to be peroxidase activity. IAA is known to inhibit lignification (Petinov
and Urmantsev 1964; Stafford 1965; Parish, unpublished results), and perhaps
relatively high levels of IAA accumulate in the lower part of the internode.

(iv) Peroxidase Isoenzymes in Wheat Tissues

Starch gels were made from 25 g Connaught hydrolysed potato starch in 190 ml 0-76m
Tris—citrate buffer (pH 9-0). The bath buffer was 0-3m borate (pH 9-0). Rectangles of chroma-
tography paper (0-8 by 1-0 cm) were soaked in enzyme extracts and placed in the gel. Extracts
were obtained as described above, the ratio of tissue weight to buffer volume being approximately
1:3. Gels were run at 0°C for 2 hr and the current maintained at 35 mA. The gels were then
cut in two horizontally, and each half stained for peroxidase. Stains used were 1 mm p-phenyl-
enediamine and 1 mm guaiacol with 1 mM hydrogen peroxide in 6-7 mm Sorensen’s phosphate
buffer (pH 7-0).

Ten different isoenzymes were detected in various tissues of wheat (Fig. 3).
Different combinations of isoenzymes were present in different tissues and the
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isoenzymes demonstrated varying activities towards p-phenylenediamine [Fig. 3(a)]
and guaiacol [Fig. 3(b)].
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Fig. 3.—Patterns of peroxidase enzymes of wheat tissue extracts obtained on starch
gels after electrophoresis. Gels stained with p-phenylenediamine (@) and guaiacol (b).

The results support the theory that, since peroxidase isoenzymes have different
activities towards different substrates and isoenzyme patterns change during growth,
the physiological role of peroxidase may also change (McCune 1961; Evans and
Allridge 1965; Kawashima and Uritani 1965; Goren and Goldschmidt 1966; Mac-
nicol 1966; Racusen and Foote 1966; Kay, Shannon, and Lew 1967; Siegel and
Galston 1967).
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