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INTRODUCTION

Under investigation were enzymatic proteins from tissues of Scots
pine with peroxidase (PO), polyphenoloxidase (PPO) and indole-3-acetic
acid oxidase (IAA oxidase) activity. These are enzymes commonly found
in plant tissues.

Peroxidases (donor H20? oxidoreductase E.C. 1.11.1.7.) are nonspecific
enzymes with respect to substrates, which in the presence of H20? can
oxidize phenolic compounds, cytochrome c, ascorbic acid, indole, amines
and some inorganic ions. They are readily soluble but they occur also
in forms bound with cell structures, namely with the cell wall (Ridge
and Osborne 1970), ribosomes (Pennon et al. 1970, Darimont
and Baxter 1973), mitochondria (Darimont and Baxter 1973),
provacuolar membranes (Parish 1975) and various unidentified mem-
branes (van der Ma st-1970, Darimont et al. 1977). Activity of PO
was also found in chromosomes (Raa 1973).

Polyphenoloxidases are a group of enzymes with so far an undefined
function. They oxidize phenolic substrates using molecular oxygen. Ac-
cording to the recommendations of the International Biochemical Union
from the year 1964 these enzymes have been divided into two groups:
1) catechol-crtho-diphenol oxidases: oxidoreductase (E.C. 1.10.3.1.) and
2) para-diphenol laccase: oxidoreductase (E.C. 1.10.3.2.). Later a revision
of nomenclature was made combining these enzymes into E.C. 1.14.18.1
monophenol: monooxygenase. Mayer and Harel (1979) believe that
this revised nomenclature is inappropriate since catechol oxidase and
laccase differ substanciallv in catalytic properties. Catechol oxidase
referred to also as phenolase, polyphenoloxidase, catecholase, tyrosinase
or crezolase catalyzes two reactions (Mayer and Harel 1979): a) the

* This paper presents a part of a doctoral thesis submited to Adam Mickiewicz
University in Poznan. The work was conducted in the Institute of Dendrology in
Kérnik. Promotor: Prof. Mirostaw TomaszewskKi.
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238 B. KIELISZEWSKA-ROKICKA

transfer of oxygen from the ortho position to an existing hydroxyl group
(crezolase activity), and b) oxidation to ortho-diphenol detaching hydro-
gen (catecholase activity). Laccase catalyses the reaction of dehydroge-
nating monophenols, triphenols, ortho-diphenols and as the only oxidase
capable 'of doing it, para-diphenols. Catechol oxidase is easily detectable
and thus it was one of the first of plant enzymes to be studied
(Bertrand 189 - 1896). This enzyme has been found in the soluble
fraction of plant cells (Mayer 1961, Harel et al. 1964, Sanderson
1964, Coombs et al. 1974), in fractions bound with the cell wall
(Palmer 1963, Delon 1974, Stom et al. 1975) and with membranes
of organelles (Mayer and Friend 1960, Mayer 1961, Harel et al.
1964, Stafford 1969, Tolbert 1973, Kato et al. 1976).

Indole-3-acetic acid oxidase is an enzyme catalysing the destruction
of IAA and it is known to be a ferroprotein. In the literature the majo-
rity of data indicates that generally various isoperoxidases are capable of
oxidizing IAA though Sequeira and Mineo (1966) and van der
Mast (1969) have isolated enzyme preparations capable of oxidizing IAA
but demonstrating no PO activity.

The functions of PO, PPO and IAA oxidase have not been strictly
determined yet. In vascular plants PO and PPO most probably parti-
cipate in the production of wood through the oxidation of phenols
which then spontaneously condense to lignin, though there is little evi-
dence supporting this function. Freudenberg et al. (1958) have
demonstrated the participation of laccase in the oxidative or dehydro-
genative polymerisation in vitro of coniferyl alcohol molecules or else
of these molecules with those of synapyl alcohol or p-coumaryl alcohol.
Since PO in the presence of H20? can change p-coumaryl alcohol into
polymers similar to lignin, as PPO in the presence of oxygen, Higuchi
(1957) and Lyr (1957) have considered PO to be lignifying factor in
plants. Harkin and O bst (1973) have shown that in the early stages
of lignification PO is the only enzyme oxidizing phenols.

Laccase participates in the demethoxification of lignin during its
degradation (Kirk et al. 1977) and in the case of pathogens it can
detoxify fungicidal compounds produced by the host plant (Ward and
Stoessl 1973, Rubin and Artsiko vs kaja 1964).

There is much data in the literature indicating the participation of
oxidases in IAA metabolism. Thimann (1934) was the first to propose
the theory that the phenol-phenoloxidase system acts inhibitively on
auxin and Tomaszewski (1959) has found that the same enzymatic
system may degrade IAA both in vivo and in vitro forming auxin-phenol
complexes (Leopold and Plumer 1961).

The importance of PO in regulation of growth and development of
plants has been frequently suggested in the literature. During the de-
velopment of plants there occur changes in the pattern of electrophoretic
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fractions for PO and in the enzymatic activity of specific fractions. There
is relatively little information on the changes in isoenzyme patterns
during development of forest trees (Durz an 1966, Conkle 1971,
Mayberry and Feret 1977). To determine the role of isoperoxidases
in the development of plants the isoenzyme patterns have to be com-
pared from extracts of developing tissues obtained from normal plants
with those from an undifferentiated callus (Bajaj et al. 1973, H a-
baguchi 1977a, 1977b).

The pattern of electrophoretic fractions of oxidases also undergoes
changes under the influence of growth substances however the mecha-
nisms by which these compounds act are as yet unexplained. An in-
crease in PO and PPO activity is observed under stress conditions
(injury to tissue, action of pathogens, fumigation with industrial pollu-
tants, low humidity, lack of mineral and hormonal substances) and
during ageing. It is believed that an increase in activity is associated
with a destruction of cellular structures and the liberation of oxidases
from inactive forms (Farkas et al. 1964). Possibly also a change of
the oxidases occurs from the bound condition with the cell structures
into the free form (Volk et al. 1977, 1978, Harel et al. 1966, Kind-
ron et al 1978).

There are various opinions concerning interrelationships between the
activities of PO, PPO, and IAA oxidase: 1. The activity of PO, PPO
and IAA oxidase are associated with the same protein molecule (Pilet
and Sevhonkian 1969, Janssen 1970, Srivastava and van
Huy stee 1973, Kieliszewska-Rokicka 1980), 2. The activities
of PO and IAA oxidase are strictly connected with each other while
PPO is a clearly distinct enzyme (Shinshi and Noguchi 1975),
3. Some plant species do not have PPO (Ray 1960, Bastin 1964,
Cambie and Bocks 1966, Din ant and Gaspar 1967).

In a previous investigation (Kieliszewska-Rokicka 1980) the
results of electrophoretic studies on PO and PPO in needles and roots
of Scots pine have led to the suggestion that pine does not have a spe-
cific polyphenoloxidase. In the present study an analysis of the .substrate
specificity of electrophoretic forms from various organs of pine and
from various 1 cell fractions as well as from various chromatographic
fractions was aimed at the confirmation or rejection of the view that
pine lacks a PPO and the determination of the possible direction of
oxidative action in this species.

MATERIAL AND METHODS

Plant material. Vegetative organs of several years old Scots pine
(Pinus sylvestris L.) trees from an experimental forest and of young
seedlings growing in a greenhouse at a 16 h photoperiod were investi-
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gated. The seeds were sown in perlite acidified with 0.1 N phosphoric
acid to pH 7 and then watered with a mineral nutrient solution ac-
cording to Laiho (1970). For some analyses commercial preparation of
purified peroxidase of horse-radish (HRP, lyophilized, Calbiochem.) was
used.

Enzyme preparations. 1. The crude extract was prepared on the basis
of a method given by Hadacova and Sahulka (1967). The tissue
was homogenized in 0.2M phosphate buffer, pH 6, which contained 0.2%
ascorbic acid, 0.1% L-cysteine hydrochloride monohydrate and 5% poly-
clar AT. The homogenate was centrifuged at 10 O00Xg, the supernatant
dialysed in 0.01 phosphate buffer, pH 6 and then used as an enzyme
preparation. 2. Acetone powder. The tissue was infiltrated under vacuum
with a solution containing 0.1M ascorbic acid and 0.1M potassium pyro-
sulphite and then homogenized in cold 80% acetone and washed with
anhydrous acetone to obtain a white powder. From the acetone powder
proteins were washed out with 0.1M borate buffer, pH 8 or 0.2M
phosphate buffer pH 6. After centrifuging at 10 O00Xg the supernatant
was dialysed in 0.01M borate buffer or 0.01M phosphate buffer respecti-
vely, and then used as an enzyme preparation.

Extraction of soluble bound enzymes. Pine tissues have been fractio-
nated according to the method given by Birecka and Miller (1974)
into: a) buffer soluble proteins, b) proteins soluble in 1% Triton X-100,
c) proteins ionically bound with cell membranes, d) proteins covalently
bound with cell membranes. All fractions were dialysed in 0.0IM pho-
sphate buffer pH 6.

Determination of protein content. The method given by Potty (1969)
with albumine of bovine blood serum as standard was used.

lon-exchange chromatography. The enzyme preparation in 0.1M bo-
rate buffer was fractionised in DEAE cellulose column (30X2 cm) ac-
cording to the method of Shinshiand Noguchi (1975).

Enzyme assays. PO activity was determined according to the method
of Quoirin et al. (1974) with modifications. The reaction mixture
contained I ml of 0.2M phosphate buffer, pH 6.1, 1 ml of 0.2M H202
1 ml of 1% quaiacol and a suitable amount of enzyme. The activity was
assayed at 430 nm. To determine the activity of IAA oxidase the de-
composition of IAA by the enzyme preparations was investigated, using
the method given by Shinshi and Noguchi (1975) with Salkow-
sk i reagent (Gordon and Weber 1951).

Electrophoresis. Polyacrylamide disc gel electrophoresis in anionic
(Davis 1964) and cationic (Reisfeld et al. 1962) systems was carried
out. Comparable amounts of protein were applied onto gel columns:
2 ug for peroxidase, 200 ug for IAA oxidase and polyphenoloxidase. Se-
paration was conducted for 2.5-3 hours using 2 mA per one gel column
5 mm in diameter.
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Staining of isozymes on polyacrylamide gels. The incubation mixture
for PO contained 0.03M phenolic substrates as indicated in figures dis-
solved in an acetate buffer pH 5 and 0.02M H202 (modified method of
Sahulka 1970). Benzidine was used in a saturated solution (S afo-
noV et al. 1969). The reaction was performed for 15 minutes at room
temperature. PPO was stained with 0.03M phenolic substrates in 0.2M
phosphate buffer, pH 6 (Sahulka 1970), or in the same buffer con-
taining 60% ethanol. Some gel columns after 30 minutes of incubation
in the buffer solution of substrate were incubated for another 30 minu-
tes in 0.1% solution of p-phenylenediamine or m-phenylenediamine in
order to obtain higher sensitivity of reaction (Sheen and Calvert
1969, van Loon 1971). The oxidations of IAA and L-tryptophan were
carried out in IAA and L-tryptophan respectively in the presence of
MnCI2 and 2.4-dichlorophenol with or without H20? (Frenkel 1972).

After staining the gel columns were scanned in a Vitatron densito-
meter. '

RESULTS

1. SUBSTRATE SPECIFICITY OF ENZYMATIC PREPARATIONS FROM PINE AND
A COMMERCIAL PEROXIDASE PREPARATION FROM THE ROOT OF HORSE-RADDISM
1.1. Pine tissues

On acrylamide in an anionic and cationic systems the enzymatic pre-
parations from various Scots pine tissues were electrophoretically sepa-
rated. Enzymatic reactions was conducted in order to oxidize various
phenolic and indolic substrates in the presence of H20? and without it.
Figure 1 presents the patterns of electrophoretic fractions with an oxi-
dase activity obtained from an enzyme preparation of vegetative buds
of pine. The ability to oxidize I1AA, L-tryptophan, p-cresol and benzidine
was investigated. The oxidation of IAA occurred both in the presence
of H20? and in atmospheric oxygen and the enzymatic fraction cata-
lyzing these reactions has the same Rf value as the fractions oxidizing
L-tryptophan, p-cresol and benzidine. L-tryptophan was oxidized exclu-
sively in the presence of H202 The product of L-tryptophan oxidation
had after a reaction with dimethvlaminocinnamaldehyde a pink reaction
similarly as the product of IAA oxidation. A similar result has been
obtained earlier (Kieliszewska-Rokicka 1980) when L-trypto-
phan was oxidized in the presence of H2O? by electrophoretic fractions
from poplar tissues.

In a solution of p-cresol without H202 on the gel two small darkly
staining bands formed, however this reaction was not reproduced in the
course of studies with other enzyme preparations. On the other hand, in
the same solution of p-cresol in the presence of H20?2 the electrophoretic
fractions have formed a stainless precipitate which suggests the dehydro-
genation of a monophenol and its condensation into larger entities.

16 Arboretum Kornickie
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Vegetative buds  Reaction mixture

S ® -
iaa+hlo?
t — Tryptophan
L — Tryptophan+H202
p — Cresol
p — Cresol+'H202 (white)
Benzidine

Bnzidine+ H202

Fig. 1. Electrophoretic separation of an enzyme preparation from Scots pine vege-

tative buds on acrylamide gels at pH 8.3. The oxidation of IAA and L-tryptophan

follows in the presence of MnCL, and 2.4-dichlorophenol in 0,2 M phosphate buffer

pH 45. The staining mixtures for polyphenoloxidase contained 0.03 M p-cresol in

0.2 M phosphate buffer pH 6 and benzidine in the same buffer in a saturated

solution. The staining mixtures for peroxidase contained 0.03 M p-cresol and
benzidine in 0.2 M acetate buffer pH 5 and 0.02 M HjO2

In benzidine solution with H202 added there formed on the gel 12
brownish bands with PO activity. Without H202 no colour reaction was
observed.

In further investigations the ability of the enzyme preparations from
pine to oxidize various monphenols and polyphenols was studied in the
presence of H202 and with atmospheric oxygen only. Enzymatic incuba-
tion in buffer solutions of phenols without H20O2 did not form any colour
reactions. Thus for the enzymatic incubation we have used compounds
which are known from the literature to couple with the products of
dehydrogenation of phenols, namely m- and p-phenylenediamine and
ethanol.

Figure 2 presents the electrophoretic patterns for the oxidases of
cambium. In the presence of H20? the studied enzymatic preparation
catalysed the dehydrogenation of polyphenols into staining compounds
and monophenols into a colourless precipitate. The presence in the in-
cubation mixture of 6CP/o ethanol, 0.1°/0 m-phenylenediamine or 0.1%
p-phenylenediamine have resulted in the formation of staining products
in spite of the absence of H202.

1.2. Peroxidase preparation from the root of horse-ra-
dish
Far comparison the oxidation capacity of commercial peroxidase
preparation from root of horse-radish (HRP) was analysed. Figure 3
shows the results of incubation of the HRP fractions separated on acry-
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irnbium Guaiacol

© Guaiacol+H™Oj
Guaiacol+0.1% p-PDA
Guaiacol+60% ethanol

Catechol

Catechol + H20j
Catechol+0.1% p-PDA
Catechol+60% ethanol

Caffeic acid

Caffeic actd+HsO3
Caffeic aeid+O.I1S p-PDA
Caffeic acté+Bou ethanol

p-Coumaric acid
p-Coumaric aeid+HjOj (white)
p-Coumaric acid+s.14 p-PDA

Gentisic acid
Gentisic acid+HjOj
Gentisic acid+0.1% p-PDA

Fig. 2. Electrophoretic separation of an enzyme preparation from
Scots pine cambium on acrylamide gels at pH 83. Staining
mixtures for peroxidase contained phenolic substrates in 2M
acetate buffer pH 5 and 0.02 M H202. Polyphenoloxidase activity
was detected by incubating the gels in mixtures containing 0.03 M
substrates in 0.2 M phosphate buffer pH 6. Some of reactions
occur in the presence of Bl

B9 ethanol

HRE Reaction mixture

IAA
IAA+ H302

L-Tryptophan
L-Tryptophan + HjOj

p-Coumaric acid

p-Coumaric acid+ H202 (white)
p-Coumaric acid+0.1% p-PDA
p-Coumaric acid+60% ethanol

Guaiacol

Guaiacol+ H20j
Guaiacol+0.1% p-PDA
Guaiacol+60% ethanol

Benzidine

Benzidine+ H202
Benzldine+0.1% p-PDA
Benzidine+60% ethanol

Gentisic acid

Gentisic acid+HjOa
Gentisic acid+0.1% p-PDA
Gentisic acid+ 80 ethanol

Fig. 3. Electrophoretic separation of horse-radish peroxidase (HRP)

on acrylamide gels at pH 83. Capabilities of electrophoretic frac-

tions to oxidize IAA and L-tryptopham have been detected as

in Fig. 1. The staining mixtures for polyphenolooxidase were
used as in Fig. 2

p-phenylenediamine Ohttpy/rcin,orp',m
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lamide in solutions of the following substrates: 1AA, L-tryptophan indo-
les, p-coumaric acid (monophenol), guaiacol, benzidine, gentisic acid (poly-
phenols). In the presence of H202 the HRP preparation catalysed the
dehydrogenation of the polyphenolic compounds into darkly staining
products, and the monophenol into a colourless precipitate. Without
H202 these reactions took place only in the presence of polyphenols and
coupling agents (ethanol, phenylenediamines). The four bands which
formed as a result of these reactions had the same Rf values as the
bands of PO reacting in the presence of H202 In a control experiment
m- and p-phenvlenediamines were not oxidized by IIRP. Analogous four
bands have been oxidizing IAA without H202, but in the presence of
H202 the activity against IAA was manifest at only two bands (Rf 0.08
and 0.18).

In Table 1 the catalytical potential of preparations obtained from pine
tissues and from a commercial HRP are compared. It was found that
in the presence of pine enzyme preparations the same phenolic com-
pounds undergo modifications as those which are dehydrogenated by
HRP. Besides the preparations of pine and HRP catalyse enzymatic
reactions only in some, already identical conditions. The IAA oxidation
by peroxidase in the presence of atmospheric oxygen has been known
for some time (Kenten 1955 Ray and Thimann 1956). The present
results indicate the possibility of oxidation of other substrates also by
PO of pine and of horse radish without H202 when in the reaction mix-
ture ethanol or phenylenediamine are present. Pine and HRP prepara-

Table 1

Oxidative activity of pine enzyme preparations and commercial horse radish peroxidase (HRP)

on various phenolic substrates in the presence of H202, free oxygen or free oxygen with coupling

agents. The reactions with H202 have been performed in an acetate buffer pH 5. The reactions

with O2 from atmosphere were performed in a phosphate buffer pH alone or with 60% ethanol
or 0.1 % p-phenylenediamine added

02 ) °0.
Substrates no-. ol +ethanol 4- p-phenylenediannne
pine HPR : pine | HPR pine | HPR pine HPR

ndole-3-acetic acid 4 4- 4 S
L-tryptophan 4- 4- -
P-creso! . + (W) -
P-coumaric acid +(w) + (W) — -
Catecho ! 4- 4- - 4- 4- 4 4-
Guaiaco | 4- 4 - 4 4- 4 4-
Caffeic acid + 4- - 4- s 4 4
L-dcipa 4- 4- - 4- v 4 4 4-
Chlorogenic acid 4- [ - -
Hydroquinone 4- 4 - -
Gentisic acid 4- 4 - - " 4- 4
Benzidine 4- 4 - - 4 + 4- 4
PyrogalJol 4- 4

4- positive reaction, — no reaction w white prcciyita'e
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tions did not oxidize any phenols without H20? when the substrates were
dissolved in a buffer solution only. The monophenol p-coumaric acid has
not been dehydrogenated by pine tissues nor by HRP without H202

2. FORMS OF ELECTROPHORETIC OXIDASES IN THE SOLUBLE FRACTION AND IN THE
FRACTION BOUND WITH THE CELL WALL

From needles and roots of pine consecutively the following fractions
were being washed out: a) proteins soluble in a buffer, b) proteins so-
luble in a buffer with I°/0 Triton X-100 added, c) proteins ionically
bound with cell structures, d) proteins covalently bound with cell struc-
tures.

The four cellular fractions have been subjected to electrophoresis in
an anionic and a cationic system. Figure 4 presents the electrophoretic

needles Reaction mixture

Fig. 4. Electrophoretic separation, of enzyme preparations from needles (A) and

roots (B) on acrylamide gels at pH 8.3. Pine tissues have been fractionated into:

1 — buffer soluble fraction, 2 — fraction soluble in 1% Triton X-10Q, 3 — ioni-

cally bound fraction, 4 — covalently bound fraction. The staining mixtures for pec-
oxidase and polyphenoloxidase were used as in Fig. 2
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bands of PO in individual cell fractions obtained as a result of incubation
of gels in a solution of benzidine and H20? and of bands obtained
through incubation of columns in a solution of an ortho-diphenol L-dopa
in the presence of ethanol. The majority of PO bands have been oxidi-
zing also L-dopa, but in none of the cellular fractions was the presence
of a specific PPO demostrated.

3. ELECTROPHORETIC FORMS WITH PO AND PPO ACTIVITY IN ENZYMATIC
PREPARATIONS FRACTIONATED ON AN ANION EXCHANGE COLUMN

The protein preparation from vegetative buds of pine has been sepa-
rated in a column of ion-exchange cellulose Cellex-D in NaCl gradient.
Fractions 5 ml in volume were collected and in the individual fractions
the activity of PO was determined using guaiacol as a substrate. Frac-
tions showing a PO activity have been combined into groups on the
basis of absorption increase at 430 nm produced by 0.1 ml of the enzy-
matic fraction over a period of 1 min. (Tab. 2).

Table 2

Separation of peroxidase from vegetative buds of pine on a DEAE cellulose column (2 x 30 cm).

The elution was carried out with a linear gradient of 0-0.25 M NaCl in 0.01 M Tris-HCI buffer

pH 8 and 5 ml fractions were collected. The activity of peroxidase was determined using guaiacol

as a substrate. Fractions showing a peroxidase activity have been combined into groups on the

basis of absorption increase of substrate at 430 nm produced by 0.1 ml of the enzymatic fraction
over a period of 1 min

Fraction nos. Maximal increase of OD430 /I/ 0.1 ml
17-20 0.325
58-60 0170
61 -62 0.546
63-67 1.864
68-72 0.186
79-81 0.023
82-84 0016
85- 88 0.023

Groups of fractions have been separated electrophoretically on acry-
lamide in anionic and cationic systems. Patterns of electrophoretic sepa-
rations are presented in Figure 5. In order to stain fractions having a PO
activity the gel columns were incubated in the presence of benzidine
and H202. Each group of fractions obtained from the ion-exchange column
has had a different electrophoretic pattern of PO represented by 2 - 12
bands. Almost all fractions with PO activity oxidized L-dopa in an in-
cubation mixture containing 60B/o ethanol. The presence of a specific
fraction with a PPO activity has not been observed.

4. ISOPEROXIDASES IN THE EARLY STAGES OF PINE TREE DEVELOPMENT

Enzymatic preparations from germinating embryos, seeds and deve-
loping seedlings have been separated on acrylamide in an anionic system.
Initially the enzymatic preparations have been made from the whole
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Fractions Vegetative buds
from Cellex_D A B Reaction mixture

58 - 60

61 - 62

-

63

69 - 72

79 81 H|

82- 84 E —

85 - 88 E 3
[

non fractio- 11
->ated extract H

Fig. 5. Electrophoretic separation of enzyme fractions from vegetative buds. Ex-

tracts eluted previously on DEAE cellulose column. Polyacrylamide gel electro-

phoresis was carried out in anionic (A) and cationic (B) systems. Bands with acti-
vities of peroxidase and polyphenoloxidase have been detected as in Fig. 2

embryos, and 4 days after seed sowing separately for the root and shoot.
The pattern of electrophoretic fractions of PO developed in the presence
of benzidine and H20? is presented in Figure 6.

Embryos dissected from dry seeds have had only 5 peroxidases with
a low activity. During imbibition and seed germination new bands star-
ted to appear. This process was particularly dynamic in the first week,
and the. qualitative changes in the electrophoretic pattern were accom-
panied by an increase in the activity of individual bands. After the first
week of growth shoots and roots tended to loose some bands.

DISCUSSION

In the present study the polymorphism of oxidase activity has been
analysed using electrophoresis of enzymes on an acrylamide gel. The re-
sults indicate that the enzymatic preparations of pine:

1. Are capable of oxidizing in the presence of H20? monophenols,
o-polyphenols, p-polyphenols, 1AA and L-tryptophan (peroxidase acti-

vity),
' g Are capable of oxidizing IAA in the presence of atmospheric oxy-
gen (IAA oxidase activity),
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AGE OF SEEDLINGS

DAYS MONTHS
4 5 8 14 28 49 56 7 5 1

SHOOTS

EMBRYOS

ROOTS

Fig. 6. Patterns of eletrophoretic bands of peroxidase from embryos, shoots and

roots of pine seedlings in early stages of development. Electrophoresis was per-

formed on acrylamide at pH 8.3. The pferoxidase bands have been developed with
benzidine and H202 as in Fig. 2

3. Are unable to oxidize phenolic compounds and L-tryptophan with-
out H202

Results of investigations of some authors have shown that the acti-
vity of IAA oxidase cannot be separated from the activity of PO (Pilet
and Levanchy 1969, Gaspar et al. 1969, Hoyle 1972, Shinshi
and Nloguchi 1975). There are also reports where PO activity was not
accompanied by IAA oxidase activity, however Stonier et al. (1979)
have found in enzymatic extracts of Vigna a factor masking IAA oxidase
activity. This factor, most probably a complex polimer o-dihydroxyphe-
nylpropanoid, referred to as a protector of auxin can be separated from
enzymatic proteins by filtration through a gel column of Sephadex or
Sepharose, which causes the appearance of IAA oxidase activity in the
protein fractions. Most of the authors studying the relationship between
PO, IAA oxidase and PPO consider the ability to oxidize IAA to be one
of the many possible functions of an enzymatic PO molecule.
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In the present study the enzymatic preparations have been separated
electrophoretically and on acrylamide they formed a dosen or so frac-
tions with a PO activity. These fractions catalysed the dehydrogenation
of phenols in the presence of H202 into coloured chinones, or in the case
of monophenols into condensing products forming in the gels a colourless
precipitate (Fig. ! and 2). Individual electrophoretic fractions differed
in affinity to the substrates. Only some of the fractions with a PO acti-
vity have had the ability to oxidize IAA without the participation of
11202. Oxidation of 1AA in the presence of atmospheric oxygen is one of
the properties of PO that was first observed by Kenten (1955).

L-tryptophan has been oxidized by enzymatic preparations of pine
exclusively in the presence of H202 (Fig. 1), though IIRP may catalyse
the transformation of tryptophan into indolilo-3-acetamide in the pre-
sence of atmospheric oxygen, pirydoxal phosphate and Mn2’ (Riddle
and Mazelis 1964, Klambt 1964). The product of L-tryptophan oxi-
dation by enzymatic extracts has the same colour and Rf position as the
fraction oxidizing IAA. It is possible therefore that IAA is a transitional
compound in the metabolic pathway of tryptophan synthesis. The trans-
formation of tryptophan into IAA in pine extracts has been demonstra-
ted earlier by Whitemore and Zahner (1964). They have given
tryptophan to extracts of cambium and phloem of pine and they have
found the formation of IAA. In fresh extracts IAA formed rapidly,
but itsalso formed, though much more slowly in boiled extracts. Since
PO can maintain its activity even after boiling it is possible that it was
this enzyme that catalyzed the transformation of tryptophan to IAA.
Decarboxylation of IAA and L-tryptophan has been observed when la-
belled substrates were introduced into seeds and pine explants (H e j n o-
wicz and Tomaszewski 1969, Tomaszewski 1970a, 1970b).

One of the possible physioecological functions of PO associated with
the cell wall could be the degradation of exogenous auxin. When pe-
netrating into cell walls PO could be disturbing the processes controlled
by endogenous auxin, as is the case in the mycorrhizal associations of
pine (Tomaszewski and Wojciechowska 1974).

In the presence of atmospheric oxygen electrophoretic fractions of
pine tissues have not been transforming any phenols into colour pro-
ducts, even though they have produced intensive colour reactions when
the incubation took place in the presence of compounds coupling with
products of the oxidation of phenols such as m-phenylenediamine, p-phe-
nylenediamine or when the substrate was dissolved in a buffer-ethanol
mixture (Fig. 2). Sheen and Calwvert (1969) and van Loon (1971)
when using the factors associating themselves with the products of
phenol oxidation have obtained an increase in the intensity of colour
reactions catalyzed by PPO.

In the present study at no stage did it prove possible to physically
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separate the PPO activity from that of PO. Enzymatic proteins with a
PO activity have been found in soluble fractions and in those bound
ionically or covalently with cell structures. Treating cell structures with
a Triton X-100 solution after having washed away proteins soluble in
a buffer has demontrated the presence of a very active PO (Fig. 4).
Similar effects have been obtained by Walker and Hulm e (1966) and
by Harel and Mayer (1971). According to some authors the strength
of the bound beween oxidases and membranes depends on the type of
tissue and the state of plant development. In none of the four cell frac-
tions studied in the present investigation was the existence of a specific
PPO activity demonstrated. Also the double fractionation of pine enzyme
preparations first in anion-exchange cellulose and then electrophoreti-
cally on acrylamide (Fig. 5) did not disclose any protein forms with
a specific PPO activity.

On the basis of results obtained in the present study one can suspect
that PPO activity in pine is very low or that the studied enzyme pre-
parations did not contain PPO and the reactions of dehydrogenating
phenolic substrates can in some conditions take place irrespective of this
enzyme.

Specific electrophoretic fractions with an exclusively PPO activity
have been found in other plants for example in tobacco (Shinshi and
Noguchi 1975) or in poplar bark (Kieliszewska-Rokicka
1980). On the other hand, Srivastava and van Huy stee (1973)
have shown electrophoretically and chromatographically that tissue cul-
tures of peanuts contain true PPO which however appears in the same
fractions as PO and IAA oxidase.

Pine tissues have shown the same catalytic abilities as the commer-
cial preparation of a purified PO of horse radish root (HRP). Figure 3
and Table 1 indicate that in some conditions HRP catalyzes oxidation
reactions of phenolic compounds without the participation of H202
though it does not contain PPO. One can suspect therefore that also the
pine tissue preparations studied here behave in the same way as HRP,
that is they can in certain special conditions catalyze the oxidation with
free oxygen.

In spite of the fact that PPO is common in nature, lack of this
enzyme has been found in Osmunda sp. (Ray 1960), Impatiens (Bastin
1964) and in Phaseolus sp. (Din ant and Gaspar 1967). In all these
plants PO and IAA oxidase were active. The lack of PPO has been also
found by Cambie and Bock (1966) in 24 out of 44 studied Gymno-
spermae species. These authors have not studied the genus Pinus, but
they have found the absence of PPO in Cedrus libani which belongs to
the Pinaceae

Fhainand Mackay (1973) have identified the activity of o-diphe-
noloxidase and p-diphenoloxidase in the heart-wood of Pinus radiata.
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They have measured manometrically the absorption of oxygen by fresh
and boiled heart-wood fragments incubated with phenolic substrates.
Their results indicated that the activity of phenoloxidase originates rat-
her from the pine tissues than from microorganisms. The occurrence in
the heart-wood of Pinus lambertiana of brown stains suggesting a PPO
activity has been observed by Stutz (1959). However Anderson et
al. (1963) and Higuchi et al. (1967) have suggested that the oxidation
of phenolic substrates in the heart-wood is a nonenzymatic process
(compare with Tomaszewski 1967).

It has long been known that besides oxidation in the presence of H20?2
in the reaction mixture PO is capable of oxidizing various compounds in
the presence of air. So far such oxidation reactions have been described
for dihydroxyfumaric acid (Swedin and Theorell 1940, Chance
1952), IAA (Kenten 1955 Ray and Thimann 1956), triose reducto-
ne (Yamazaki et al. 1965), and naphtohydrochinon (Klapper and
Hackett 1963a, 1963b). Besides PO is capable of hydroxylation of
aromatic molecules in the presence of atmospheric oxygen and dihydro-
xyfumaric acid (DHF) (Mason et al. 1957, Buhler and Mason
1961). In this reaction PO may be replaced by some other heme system.
The hydroxylation reaction can be also obtained in the presence of
atmospheric oxygen without enzymatic participation. Such a reaction has
been obtained by Undenfriend et al. (1954) in the reaction mixture:
inorganic iron (Fe2+ or Fe3+)H-ascorbic acid+EDTA. In the presence of
atmospheric oxygen -PO may also catalyze the formation of ethylene
from methional (Yang 1967). here similarly as in the case of IAA
oxidation monophenols stimulate the reaction and polyphenols inhibit
it (Yang 1969), and it is also known to have antiseptic activity (K1e-
banoff 1967, 1968, Lehrer 1969).

In view of these oxidative abilities one can suspect that the slow de-
hydrogenation of phenolic compounds in the presence of atmospheric
oxygen is an unusual property of PO isolated from pine tissues.

There exists an opinion that one of the functions of PPO is to synthe-
size o-diphenols. VVaughan et al. (1969) have found that catecholase
can hydroxylate naturally occurring phenols. However the hydroxylation
of phenols as was mentioned earlier may be catalyzed by PO or have
a nonenzymatic course. Stafford (1969) has found an active synthe-
sis of diphenols from endogenous precursors and in the presence exoge-
nous phenvlenediamine or tyrosine, the PPO activity simultaneously de-
clining.

Since PO may cause a change in the concentration of 1AA, a growth
hormone, it is suggested in the literature that there is a relation between,
the activity of PO and the growth of plants (Ockerse et al. 1966).
Histochemical studies have allowed the conclusion that PO is strictly
connected with the zone of actively dividing cells or with cells that are
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just prior to division (Vanden Born 1963, Van Fleet 1959, De
J On g 1967).

In the present study, in the first week of embryo development after
seed imbibition, when the developmental processes are very intense, it
was observed that there is a dynamic increase in the number and acti-
vity of electrophoretic fractions of PO (Fig. 6). Similar increases have
been observed in the early development of Pinus attenuata (Conkle
1971) and Pinus banksiana (Ramaiah et al. 1971), though Gordon
(1971) has shown that a high PO activity accompanied slow growth of
Populus deltoides (Bartr.).

SUMMARY

Under investigation were electrophoretically fractionated oxidizing
enzymes of Scots pine. Substrate specificity for the enzyme complex
(peroxidase, polyphenoloxidase, and indole-3-acetic acid oxidase) was
studied and compared to that of a purified peroxidase of horse radish.
The studies have shown that plant tissues contain proteins with a pero-
xidase activity capable of dehydrogenation o-polyphenols and p-polyphe-
nols to coloured products in the presence of H202 Monophenols undergo
dehydrogenation and then condense forming a colourless precipitate.
With the help of colour reactions it was found that peroxidase of pine
tissues has the capacity to oxidize indole-3-acetic acid to 3-methyleno-
oxyindple both in the presence of H20? and in the presence of atmos-
pheric oxygen. L-tryptophan is oxidized by pine peroxidase exclusively
in the presence of H202 One can suspect that indole-3-acetic acid is
a transitional product of this reaction. In the absence of 11202 purified
protein preparations from pine tissues dehydrogenate phenolic com-
pounds only in the presence of coupling factors (m- and p-phenylene-
diamines, ethanol).

A commercial purified preparation of horse radish root peroxidase
(HRP) has the same catalytical properties as the preparations from pine
tissues. In preparations of pine tissues the activity of polyphenoloxidase
cannot be physically separated from that of peroxidase. Enzymatic
proteins having an oxidase activity occur in soluble fractions and in
fractions that are ionically or covalently bound with cell structures.
Specific fractions have been demonstrated electrophoretically which ha-
ve peroxidase activity, peroxidase and IAA oxidase activity and peroxi-
dase and polyphenoloxidase activity.

The conclusion was reached that pine tissues do not have specific
polyphenoloxidases and that in special conditions proteins containing
a specific peroxidase can, similarly as peroxidase of horse radish root,
catalyze the oxidation of substrates with free oxygen.

Institute of Dendrology
62-035 Kornik, Poland
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258 B. KIELISZEWSKA-HOKICKA

Widopostaciowo$¢ i funkcja niektorych enzymow utleniajacych sosny zwyczajnej
(Pinus sylvestris L.)

Streszczenie

Przedmiotem pracy byto elektroforetyczne rozfrakcjonowanie enzymoéw utlenia-
jacych sosny zwyczajnej. Badano specyficzno$¢ substratowg kompleksu enzymoéw
(peroksydaza, polifenoloksydaza i oksydaza kwasu indolilo-3-octowego) i poréwny-
wano ja ze specyficznoscig oczyszczonej peroksydazy korzenia chrzanu. Badania
wykazaty, ze tkanki sosny zawierajg biatka o aktywnosci peroksydazy zdolne do
odwodorowania w obecnosci HjO2 orto-polifenoli i para-polifenoli do barwnych
produktéw. Monofenole ulegaja odwodorowaniu i nastepnie kondensujg tworzac
bezbarwny osad. Przy pomocy reakcji barwnych stwierdzono, ze peroksydaza tka-
nek sosny ma zdolno$¢ utleniania kwasu indolilo-3-octowego do 3-metylenooksyin-
dolu zaréwno w obecnosci H20? jak i tlenu z powietrza. L-tryptofan jest utleniany
przez peroksydaze sosny wytgcznie w obecnosci H202. Wydaje sig, ze kwas indoli-
lo-3-octowy jest posrednim produktem tej reakcji. Wobec braku H202 oczyszczone
preparaty biatkowe z tkanek sosny odwodorowujg zwigzki fenolowe jedynie w obec-
nosci czynnikdw sprzegajacych (meta i para-fenylenodwuamina, etanol). Handlowy
preparat oczyszczanej peroksydazy korzenia chrzanu (HRP) wykazuje takie same
zdolnosci katalityczne jak preparaty tkanek sosny.

W preparatach tkanek sosny nie mozna fizycznie oddzieli¢ aktywnosci polifeno-
loksydazy od peroksydazy. Biatka enzymatyczne o aktywnos$ci oksydaz wystepujg
we frakcjach rozpuszczalnych oraz we frakcjach zwigzanych jonowo lub kowalen-
tnie ze strukturami komorkowymi. Elektroforetycznie ujawniono specyficzne frak-
cje peroksydazy, frakcje o aktywnos$ci peroksydazy i oksydazy IAA oraz frakcje
o aktywnosci peroksydazy i polifenoloksydazy.

Whprowadzono wniosek, ze tkanki sosny nie posiadajg specyficznej polifenoloksy-
dazy, a w specjalnych warunkach preparaty biatkowe zawierajace specyficzng pe-
roksydaze moga, podobnie jak oczyszczona peroksydaza korzenia chrzanu, katali-
zowac utlenianie substratow tlenem.

Monnmopduram 1 GyHKLUMA HEKOTOPbIE OKUC/IUTENbHBIX (DepPMEHTOB
Y COCHbI 06bIKHOBeHHO (Pinus sylvestris L.)

Pe3rome

MpegmeToM wccneaoBaHuli 6b110 (hPaKLMOHMPOBaHUE METOAamy 3MeKTpodopesa OKUCN-
TeNbHbIX (DEPMEHTOB  COCHbl  0ObIKHOBEHHO. lccnepoBany  Cy6CTpaTHYH  CeLuguyYHOCTb
Komnnekca (epmeHTOB (Mepokcupaasa, nonugeHonokcuaasa, NYK-okenpasa) 1 cpasHMBamM
ee CO CneungMYHOCTbIO OYMLLEHHOA MepoKcuaasbl KOPHA XpeHa. BbIACHEHO, YTO TKaHW COCHbI
cogepxat 6enku € MepoKCHAA3HOW aKTUBHOCTbIO, CMOCOGHbIE AervApvpoBaTb B MPUCYTCTBUM
H”O,, o-nonndeHonos n p-noangeHoNoB A0 OKpaLleHHbIX NPoAyKToB. MOHOMEeHONbI Aernapu-
pylOT a 3aTeM KOHAeHCUpytoTca 06pa3ys GecLBeTHbI 0cafoK. C MOMOLLBHO LBETHbIX peakLuii
06Hapy»XeHo, 4TO .MepoKcKfaasa TKaHel COCHbl crnocobHa okucnaTe MYK o 3-meTuneHo-
oKcumnHpona Tak B npucyTcTBuM H202 Kak M  aTMocgepHoro kucnopoga. L-TpunTodaH
OKWC/SIETCS  MEepOKCMAA30/ COCHbI WUCKMUUTENbHO B mpucyTcTBuM H202. MOoXHO cyauTb,
uto YK SBNSeTcs NpoMeXxyTOo4HbIM MPOAYKTOM B 3TOW peakuuun. MMpu otcytetBun HO
OYMLLEHHble 6e/koBble MNpemnapaTtbl TKaHel COCHbl AervApUPYHT  (DEHOSbHbIE  COEAVNHEHMS
UCKMIOYUTENBHO B MPUCYTCTBUM M- U p-PEHWUNAMaMUHA U 3TaHosa.

Kommepyeckuii  npenapaT OuYMLLEHHOA MepoKcuAasbl KOpPHEM XpeHa XapakTepusyeTtcs
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eX0fHbIMW C TpenapaTamMy C TKaHeil COCHbl KaTa/IMTUYECKUMM CrocobHocTaMU. B mpena-
paTax C TKaHeli COCHbl MPaKTUYeCKM He MOXKHO (U3NYECKWN OTAENNTb aKTUBHOCTU MO/U-
(peHOMOKCUAA3bl M MEpoKCMAasbl. SH3UMATWUecKMe Genku € OKCUAA3HOW  aKTUBHOCTbIO
BCTPEYAlOTCS B PacTBOPUMbBIX (DPaKLMAX W (PaKLUSX C VOHHBIMA U KOBAIEHTHBIMU CBS3SIMU
C KIETOYHbIMW CTPYKTypamu. MeToZamu 371eKTpoope3a BbisiBNIEHbI CreLydruyeckme (pakLmm
nepokcuaasbl, a Takke (pakuuM C nepokcugasHoli n UYK-0KCuaasHOW  aKTUBHOCTbIO
N (paKLMM C aKTUBHOCTbIO MEPOKCUAa3bl U MOSH(EHOMOKCHAA3bI.

MpeanonaraeTcsi, 4TO TKaHU COCHbl XapaKTepU3YHTCS OTCYTCTBMEM  CreLudmyecKoi
MONMH(EHONOKCMAA3bl, a B CreLuabHbIX YCOBUsSX GE/KOBble MNpenapartbl COAepXKaliye crie-
UM(UYECKYIO MEpoKCMaasy MOTyT Talkoke Kak M OuYMlLeHHas MepoKcuasa KOpHe XpeHa,
KaTaNM3npoBaTh OKUCIEHWE CYGCTPATOB KMC/IOPOZOM.
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