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Abstract—Catechol oxidase was distributed in soluble and particulate fractions of Solanum melongena. The
purified preparation appears to be homogeneous by polyacrylamide gel electrophoresis. The enzyme shows two
pH maxima—with catechol, 6.5 and 7.5; and with dopa, 6.5 and 7.9. The latent form of the enzyme does not
occur in S. melongena. The preparation resembles the enzyme from other sources in substrate specificity towards
various mono- and diphenols, having a higher affinity for catechol than dopa; this tendency increases on
purification. The cresolase activity decreases with purification and a lag period with p-cresol is observed. The
oxidation of mono- and diphenols is inhibited by ascorbic acid, sulphydryl compounds and chelating agents.

INTRODUCTION

Catechol oxidase, CO (o-diphenol: O, oxidoreductase,
EC 1.14.18.1) catalyses the aerobic oxidation of vari-
ous mono- and diphenols to produce pigments. CO
has been purified and characterized from a number of
sources [ 1-5]. In most of these CO exists in particulate
forms [6, 7], although the extent of binding differs.
The latent form of CO has also been reported [8-10].
In the present study the CO from Solanum melongena
was purified to apparent homogeneity and compared
with the CO from other sources.

RESULTS AND DISCUSSION

Considerable CO activity was found in the soluble
fraction obtained after centrifugation at 20 000 g for
30min at 0° and the activity in crude extracts in-
creased when treated with 2% (v/v) Triton X-100
(Table 1). After adding Triton X-100, the extract was
subjected to (NH,),SO, fractionation followed by
chromatography on Sephadex G-200 column. The en-
zyme was eluted just after the void volume of the
column as a single peak. On disc electrophoresis with
7.5% polyacrylamide gel at pH 9 a single protein band
was observed. On incubation with dopa in 50 mM
phosphate buffer, pH 6.5, the CO could be detected
only in the protein corresponding to the stained band.
Poux [11] has reported the particulate nature of CO in
grapes and observed that the greater part of the
activity precipitates on centrifugation at 15000 g for
6 min. It is apparent that the enzyme is located in
plastids [4]. In spinach beet, the enzyme is closely
associated with the chloroplast lamellae [12].

* Present address: Biology Program, The University of
Texas at Dallas, P.O. Box 688, Richardson, TX 75080,
US.A.

pH-Activity curve

The activity of CO towards catechol and dopa was
investigated as a function of pH over the range 3-9
(Fig. 1). With catechol, the CO shows two pH maxima
at 6.5 and 7.5; however, when the substrate was dopa,
the pH maxima were 6.5 and 7.9. It seems that CO of
S. melongena exists in two catalytically active forms.
Two pH maxima have also been reported for CO of
Red Delicious apple peel [3], grapes [4], potato [13]
and for partially purified phenolase from potato pulp
tissue [14]. For most of the studies of this CO pH 6.5
was chosen.

UV spectrum

CO in 0.1 M phosphate buffer, pH 6.5, exhibited a
typical protein spectrum with an additional shoulder at
ca 285 nm. The spectrum was similar to that reported
for mushroom CO [1, 15]. However, in the present
preparation the shoulder was observed at 285 nm in-
stead of 290 nm reported for the mushroom enzyme.
There was no significant absorption above 300 nm.

Stability in the presence of detergents

Storage of crude extracts in the absence and pres-
ence of different detergents at 0° for 35 days shows a
fast decrease in CO activity for S days, except with
SDS with which comparatively less inactivation was
found (Fig. 2). The gradual decrease in activity con-
tinues up to 35 days when the experiment was termi-
nated. The stored extracts darkened with time and
there was a precipitate after 1 week but no sign of
microbial growth or decomposition [8]. Although SDS
protected the CO, it could not be used for the extrac-
tion because it has been reported to bind with the
proteins {16]. The initial fast inactivation of CO on
storage might be due to the irreversible binding of the
oxidized products to the enzyme protein [17]. The
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Table 1. Purification of catechol oxidase from Solanum melongena

Total protein

Step (mg)

Total activity
(wkat)

Purification
(foid)

Specific activity
(pkat/mg)

Recovery
(%)

1250

1310

140
9.6

Particulate fraction

Triton X-100 extract
Ammonium sulphate fraction
Elution on Sephadex G-200

208
308
139

0.166
0.235
0.99

54 5.6

1.0 100
14 148
6.0 67
339 26
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Fig. 1. Effect of pH on the catalytic activity of catechol

oxidase. Enzyme preparation was 40% ammonium sulphate

fraction dissolved in 0.1 M phosphate buffer, pH 6.5 and

dialysed against the same buffer. O, Activity with catechol
(10 mM) as substrate; @, dopa (8§ mM) as substrate.

.. oxidized products are themselves formed by the oxida-
tion of endogenous substrates as evident by the dar-
kening of the crude extract with time. At a later stage,
the activity becomes stable, probably due to exhaus-
tion of the endogenous substrates. No increase in the
initial activity of CO on storage indicates that the
latent form of the enzyme does not occur in S.
melongena. Contrary to our observations, the latent
form of the enzyme has been reported in beet leaf
chloroplasts [12], bananas [18], broad-bean leaves
[9, 10], and also in certain insects [19]. Keilin and
Mann [20] reported an increase in CQ activity in
mushroom enzyme preparations and suggested that
the increase might be due to liberation of an active
enzyme from an inactive complex. SDS activated the
latent enzyme in broad beans [21] and cultivated
mushrooms [8].

Substrate studies

The relative activity of the CO towards different
mono- and diphenols using both crude and purified
preparation was studied (Table 2). For diphenols, the
activity was greatest with catechol followed by dopa
and chlorogenic acid. Little activity was found with
pyrogallol and hydroquinone. With monophenols, the
CO was active only towards p-cresol, whereas with

m-~cresol, tyrosine and tyramine little activity was ob-
served both in crude and purified preparations. The
CO from S. melongena resembles the enzyme from
other plant sources in the substrate specificity towards
various mono- and diphenols [4, 20, 22, 23], in con-
trast to mammalian tyrosinase where the substrate
specificity is highly restricted [24]. The enzyme hyd-
roxylates only p-cresol and o-diphenols to corres-
ponding quinones while p-diphenols such as hydro-
quinone are not oxidized. The cresolase activity of the
enzyme decreases with the purification of enzyme.
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the cresolase site of the enzyme is more labile than
that for catecholase, and so becomes inactivated with
purification of the enzyme. The enzyme shows a lag
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Fig. 2. The stability profile of catechol oxidase in the pres-
ence and absence of detergents. Homogenates were prepared
in 0.05 M phosphate buffer, pH 6.5 containing 2% (v/v) of
Triton X-100, Tween-20, Tween-80, and 0.2% (w/v) SDS.
The resultant slurry was filtrated through cheesecloth and
centrifuged at 4000 rpm for 25 min at 0° and stored at this
temperature for 35 days when the experiment was termi-
nated. The enzyme activity was measured using dopa as
described in the text. {3, Control; O, SDS; B, Tween-20; @,
Tween-80; @, Triton X-100.
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Table 2. Substrate specificity of catechol oxidase

Relative activity (%)*

Substrates Crude extract Purified enzyme

Diphenols

Catechol (10 mM) 100 100

Dopa (8 mM) 58.8 46

Chlorogenic acid (2.5 mM) 19.5 —

Pyrogallol (10 mM) 10.5 4.6

Hydroquinone (10 mM) 1.6 2.7
Monophenols

p-Cresol (10 mM) 100 100

m-Cresol (10 mM) 0.5 0

Tyrosine (2 mM) 0 0

Tyramine (2 mM) 0 0

*100% corresponds to sp. act. of 1.2 mmol/min/mg protein.

The concentration of substrates are shown in parentheses. Per
cent activity is expressed for di- and monophenols with respect to
catechol and p-cresol respectively. The enzyme activity was meas-
ured in 0.1 M phosphate buffer, pH 6.5 at 37° as described in the

text.

period when the substrate is p-cresol and the activity
increases as the product is accumulated. This is proba-
bly due to the fact that the cresolase activity is catal-
ysed by its own products {26].

Inhibitor studies

The effect of various inhibitors on crude and
purified enzyme preparation was determined (Table
3). Thiol compounds like cysteine, 2-mercaptoethanol,
2,3-dimercaptopropanol and reduced glutathione in-
hibit the CO almost completely. EDTA shows no
inhibition in a crude CO preparation. The inhibition
by sodium azide, thiourea and ascorbic acid is greater
on purified enzyme than on crude preparations. The
inhibition caused by ascorbic acid might be due to the
reduction of dopaquinone to dopa. The quinones are
known to react with the sulphydryl compounds; how-

Table 3. The effect of various inhibitors at 2x 107>M on
catechol oxidase activity

Inhibition (%)*

Inhibitors Crude extract Purified enzyme
Control 0 0
Ascorbic acid 62.3 78.1
Cysteine 98.2 95.2
Glutathione reduced 99.2 96.3
2-Mercaptoethanol 99.2 93.1
2,3-Dimercaptopropanol 94.6 93.1
Thiourea 299 36.4
Sodium azide 12.8 23.6
EDTA 0 3.2

*The enzyme was preincubated with inhibitor at 37° for
30 min.

The enzyme activity was measured in 0.1 M phosphate
buffer, pH 6.5 with 8 mM dopa solution (see Experimental).

ever, Lerner et al. [27] observed that the thiol com-
pounds exert most of their inhibitory action by com-
bining with the copper required for enzymatic activity,
which could be reversed by the addition of an excess
of cupric ions. Seiji et al. [28] have shown that
glutathione on combination with dopaquinone, an in-
termediate of tyrosinase-tyrosine reaction, forms new
compounds and thereby inhibits the formation of
dopachrome and melanin.

Michaelis—Menten constants

The K,, was determined from double-reciprocal plots
of initial velocity versus substrate concentration [29].
The K,, (Table 4) indicates that the enzyme has higher
affinity for catechol than for dopa. This tendency
increases on further purification of enzyme. The K,
for catechol is in agreement with the value obtained
for 4-methyl-catechol with grape enzyme [4]. It is
slightly higher when compared with the mushroom
enzyme [30]. Similarly the K,, value obtained for dopa
is higher than that reported for the other enzyme
preparations [31], indicating that the catechol oxidase
from S. melongena has a comparatively lesser affinity
for the substrate employed.

Table 4. Michaelis constants of catechol oxidase

K, (M)
Substrates Crude extract Purified enzyme
Catechol 1.08x 103 7.04x10°¢
Dopa 6.66x 1073 6.25x 1073

Enzyme activity was measured in 0.1 M phosphate
buffer, pH 6.5 using 10 mM catechol and 8 mM dopa
solutions as described in the text.
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EXPERIMENTAL

Material. Fresh purple long brinjals were obtained locally.

Enzyme assays. CO activity with dopa as substrate was
assayed by measuring the formation of the coloured product
2-carboxy-2-3-dihydroindole quinone-5,6 {(dopachrome).
The molar extinction coefficient of dopachrome is 3.6 x 103
[32]. The reaction mixture consisted of 2ml of 8 mM DL-
dopa, 1.8 ml of 0.1 MPi buffer, pH 6.5 and 0.2ml of CO
soln. After incubation at 37° for 5min, the formation of
dopachrome at 480 nm was measured. The enzymatic activity
with L-tyrosine and tyramine (2 mM) as substrate was meas-
ured by the same procedure. The CO activity with catechol as
substrate was assayed by measuring the formation of quinone
which reacts with proline to produce a red compound having
an A,,. at 525 nm [33]. The reaction mixture consisted of
1 ml of 10 mM catechol, 1 ml of 20 mM proline, 1.9 ml of
Na-Pi buffer, pH 6.5 and 0.1 ml of CO soln. After incubation
at 37° for S min, the A was measured at 525 nm. A similar
protocol was adopted for activity measurements with 10 mM
solns each of hydroquinone, pyrogallol, m-cresol and p-
cresol. The assay of CO activity with chlorogenic acid was
essentially as described in ref. [34]. The reaction mixture
consisted of 0.1 ml of 2.5 mM chlorogenic acid, 3.88 m! of
0.1 M Na-Pi buffer, pH6.5 and 0.02ml of enzyme soln.
Decrease in A at 326 nm was observed.

Effect of inhibitor. The CO soln was preincubated with
inhibitor at 37° for 30 min and the enzymatic activity was
‘measured at pH 6.5 using dopa soln according to the method
described above.

Protein was measured by the Folin—-Ciocalteu method as
described in ref. [35] with BSA as standard.

Polyacrylamide disc electrophoresis of the CO was per-
formed using Tris buffer of pH 9 according to ref. [36]. Large
pore sample gel was omitted. The siliconized gel tubes (0.5 x
9.0 cm) filled with ca 2.2 ml of the smalil pore soln were used.
The protein sample (ca 100 pg) in 40% sucrose was directly
applied on to the top of the gel tubes. A current of 5 mA per
tube was maintained for 2 hr. The gel was removed and
stained in 1% amido-schwarz 10B in 7% HOAc. The back-
ground stain was removed by successive treatment with
7% HOAc.

Purification of CO. The peeled fresh purple long brinjals
were used for the extraction of CO. The homogenate (1:3)
was prepared in 50 mM Pi buffer, pH 7.3 containing 50 mM
ascorbic acid. After squeezing through cheesecloth, the soln
was centrifuged at 4500 g for 30 min at 0°. For the solubiliza-
tion of the particulate enzyme, 2% (v/v) Triton X-100 was
added in the buffer soln used for the extraction of enzyme.
After centrifugation, the residue was discarded and the ex-
tract was brought to 40% (NH,),SO, satn. After the com-
plete pptn, the resultant suspension was centrifuged at 4000 g
for 30 min at 0°. The residue, dissolved in 0.1 M Pi buffer,
pH 6.5 was applied on to the Sephadex G-200 column and
eluted with 0.05M Pi buffer, pH6.5 at a flow rate of
0.25 ml/min. Fractions (2 ml) were collected and CO activity
and protein concn were estimated. The purification proce-
dure is summarized in Table 1.
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