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Abstract—The electrophoretic patterns of peroxidase isozymes from cultured peanut cells and from the mycelium of
Trametes versicolor showed minor differences. These differences were also observed on affinity chromatography using
naphthyl-1-acetic acid as a ligand. The results suggest specific interactions between peroxidases and auxins.

INTRODUCTION

An association between peroxidase and plant cell walls
has frequently been postulated [1-3]. Since peroxidase is
readily released by cells [4-6], it can either be transported
across the cell wall or remain in the cell wall. That
peroxidase mediates in the polymerization of coniferyl
alcohol to lignin [4,7] is a well-established concept.
Similarly, part of the biodegradation of lignin has been
linked to peroxidase activity [8-10]. In addition to these
functions, there may be others [11] which are as yet not
well defined [4, 5].

Some plant membrane proteins have an affinity for
auxins [12] and could be potential receptor sites for
hormones. A schematic arrangement of these receptor
sites has been proposed [ 13]. Probably the aromatic ring
of indoleacetic acid meets with the receptor molecule in
the membrane. Optimal binding occurs apparently be-
tween pH 5 and 6 [ 14]. Moreover, auxin receptor proteins
may also play a role in the proton pump involved with cell
elongation [15]. But whatever the function of the auxin
receptor may be, only structural proteins have been
suggested to play a role so far.

The results of the following study suggest that enzymes,
and particularly plant peroxidase of peanut and fungal
origin, may possibly act as auxin receptors.

RESULTS AND DISCUSSION

In the following, particular attention was focused on
the affinity of naphthyl-1-acetic acid (NAA) when used as
a ligand for affinity chromatography, and some forms of
plant peroxidase. In contrast to other studies [12], it was
possible to dissociate the auxin and their receptor mol-
ecules by carefully controlled conditions. As the receptor
sites, peroxidases (donor: H,O, oxidoreductase; EC
1.11.1.7) from peanut (Arachis hypogaea) cell cultures and
the mycelium of a wood rot fungus (Trametes versicolor)
were used.

Two forms of peanut peroxidase were bound by NAA
linked to a glass bead column at pH 54 and were
independently eluted from the column by a double
gradient (pH 5.4-3 followed by 0-0.7 M (NH,),SO,) as
shown in Fig. 1. Elution with a gradient employing an

increase of pH from 5.4 to 7 did not result in a separation
(Fig. 1).

In parallel experiments using fungal material, only one
form of peroxidase could be eluted regardless of whether
the initial pH gradient increased or decreased (Fig. 2).
However, other proteins than peroxidase in the crude
mycelial extract behaved like the second peroxidase form
of peanut. This indicates that the fractionation capacity of
the column was unimpaired. These results agree with
published [ 14] reports that maximal affinity occurs at pH
values between S and 6. And because of this similarity of
pH responses in binding of auxin with receptor sites to
those with peroxidase, a proposal is made that the latter
may fulfil the role of the former. When indole-3-acetic
acid (IAA) was added exogenously to a sample of peanut
cultures it was noted that over a S hr period less per-
oxidase was released by the cells (Fig. 3). The pH of the
medium during growth is usually close or slightly above 5
[16]. Therefore, it is not improbable that upon the
addition of exogenously added TAA, peroxidase or its
transport out of the cells is temporarily associated with
the auxin and serves as a receptor site. Cultured peanut
cells usually grow more rapidly than the cells in the intact
plant [ 16] and peroxidase is produced at higher rates than
normal [4].

A comparison between the isozymal patterns of per-
oxidase from peanut and from the fungus was made using
electrophoresis and isoelectric focusing (Figs. 4 and 5).
Isoelectric focusing gave eight peroxidase bands for the
unfractionated peanut peroxidase (Fig. 4B) while there
were only seven bands for the extract from the fungal
mycelium (Fig. 5B). An increase in the number of forms
on isoelectric focusing has also been reported for per-
oxidases from tobacco [17]. In addition, Figs. 4 and 5§
show that a single isozymal form could be isolated by
affinity chromatography by the second elution with a
gradient of ammonium sulphate. Moreover, this form was
anionic as shown by the electrophoretic mobility.

Finally, it was noted from Figs. 4 and 5 that both in the
case of peanut cells and fungal mycelium the peroxidases
had an isoelectric point between pH 3 and 3.5, since they
could be dissociated at that pH from NAA, the substitute
for the plant auxins. It is therefore concluded that some,
mainly anionic, forms of plant peroxidases may play an
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Fig. |. Affinity chromatography of crude

peanut

cell culture peroxidase on naphthyl-l-acetic

acid-alkilamine-carbodiimide porous glass beads. The column (1 x 6 cm) was equilibrated with 0.02 M sodium

acetate buffer, pH 5.4, before the addition, in the same buffer, of 12 mg of protein. The unbound proteins were eluted

from the column using the equilibrating buffer. (A) Linked proteins eluted from the column with a linear pH gradient

from 5.4 (0.02 M acetate buffer) to 3.0 (0.02 M glycine buffer) (100 ml) and then with an ammonium sulphate

gradient, 0-0.7 M (100 ml). (B) Linked proteins eluted from the column using a linear gradient of pH from 5.7 to 70
{100 ml), the second gradient as in A. O——O, Aygqy; ®——®, peroxidase activity (units/ml).
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Fig. 2. Affinity chromatography of crude peroxidase preparation from the mycelium of 7. versicolor on naphthyl-1-
acetic acid-alkilamine—carbodiimide porous glass beads. Chromatographic conditions as in Fig. 1. except that
50 mg of protein was applied to the column.

important physiological role in the response of plant cells
to auxins. Peroxidase is known to destroy IAA but
according to Gaspar et al. [ 5], this is brought about by the
cationic rather than the anionic peroxidases. It is note-
worthy that some peroxidases only exhibit IAA oxidase
activity after purification [5].

EXPERIMENTAL

Peanut cells were cultured in suspension medium as described
[18] and the peroxidase extracted as usual [ 19]. In a specific case,
ca 5 g (7-day-old) cells was resuspended in 50 ml fresh medium
containing 0.2 mM TAA and incubated for 1-5 hr. Peroxidase
measurements were made as detailed in ref. [20]. The growing
conditions and the subsequent extraction of the mycelium of
Trametes versicolor {Lex Fr, Quel) have been described [6,217].

The matrix of the affinity chromatography was porous 969,

silica glass beads (150-200 A average pore diameter 180-220
mesh). The beads were silanized with j-aminopropyl-
triethoxysilane (Pierce Chem. Co., Rockford, IL, US.A ) accord-
ing to the procedure by Wilchek [22]. The alkilamine beads were
activated  using  1-ethyl-3-[3-dimethylaminopropyl]  car-
bodiimide HCI (Sigma Chem. Co., St. Louis, MO, USA)} as
described by Lappt et al. [23]. Naphthyl acetic acid (Chemapol
Praha, Czechoslovakia} in baiches of 100 mg per 4 g glass beads
was linked in the presence of H, for 3 hr at ambient temp. and
12 hrin the refrigerator. The use of the matrix is described in Figs.
{and 2.

Disc PAGE (Merck, Darmstadt, West Germany) was carried
out as described for the alkaline [24] and the acidic [20] buffer
systems. Isoelectric focusing was carried out in 0.9 x 13 cm glass
tubes using Pharmalyte pH 3-10 {Pharmacia, Uppsala, Sweden)
following the procedure of Laas and Fast-Johansson [25]
Peroxidase staining was carried out as described in ref. [24].
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Fig. 3. Changes in peroxidase activity in 50 ml of medium

containing 5y (fr. wt) of peanut cells. (A) Control; (B) cells

preincubated for 1 hr with 0.2 mM indole-3-acetic acid; (C) cells
preincubated for 5 hr with 0.2 mM of indole-3-acetic acid.
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Fig. 4. Disc PAGE (A) and isoelectric focusing (B) of peanut cell
peroxidase. 1, Crude peroxidase preparation; 2, peroxidase eluted
from the column using buffer pH 5.4; 3, peroxidase eluted from
the column using gradient pH 5.4-3.0; 4, ammonium sulphate
gradient 0-0.7 M. Peroxidases stained with benzidine-H,O,.

PHYTO 22/11-G

2429

pHla3 83| 143 |83 |83
QW Q @ r © (=] r
: i F — A
-
o lel ol | o | ]
P,
B
6.0
5.6
2:@5
8= —
3D
J | ]
| 2 3

Fig. 5. Disc PAGE (A) and isoelectric focusing (B) of fungal

peroxidase. 1, Crude peroxidase preparation; 2, peroxidase eluted

from the column using buffer pH 5.4; 3, peroxidase eluted from

the column using gradient pH 5.4-3.0. Peroxidases stained with
benzidine-H,0,.
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