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Purification and characterization of polyphenol oxidase from nettle
(Urtica dioica L.) and inhibitory effects of some chemicals on enzyme
activity
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Abstract

Polyphenol oxidase (PPO) of nettle (Urzica dioica L..) was extracted and purified through (NH,4),SO, precipitation, dialysis,
and CM-Sephadex ion-exchange chromatography and was used for its characterization. The PPO showed activity to catechol,
4-methylcatechol, L-3,4-dihydroxyphenylalanine (L-DOPA), L-tyrosine, p-cresol, pyrogallol, catechin and trans-cinnamic
acid. For each of these eight substrates, optimum conditions such as pH and temperature were determined and L-tyrosine was
found to be one of the most suitable substrates. Optimum pH and temperature were found at pH 4.5 and 30°C respectively
and K., and V., values were 7.90 X 10"*M, and 11290 EU/mL for with L-tyrosine as substrate. The inhibitory effect of
several inhibitors, L-cysteine chloride, sodium azide, sodium cyanide, benzoic acid, salicylic acid, L-ascorbic acid, glutathione,
thiourea, sodium diethyl dithiocarbamate, 3-mercaptoethanol and sodium metabisulfite were tested. The most effective was
found to be sodium diethyl dithiocarbamate which acted as a competitive inhibitor with a K; value of 1.79 X 10”° M. In

addition one isoenzyme of PPO was detected by native polacrylamide slab gel electrophoresis.
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Introduction

Polyphenol oxidase (PPO; monophenol, dihydroxy-
L-phenylalanine oxygen oxidoreductase, E.C.
1.14.18.1) is a copper protein widely distributed
on the phylogenic scale and responsible for the
enzymatic browning reaction occurring during the
handling, storage and processing of the damaged
tissue of fresh fruits and vegetables, as well as some
animal products. PPO catalyzes two types of
oxidative reactions: hydroxylation of monophenols
to o-diphenols, which are oxidized to the corre-
sponding o-quinones, and subsequently polymerized
to brown, red or black pigments, depending on
natural components present in a given plant material
[1,2]. In plant tissues, the browning pigments lead to
organoleptic and nutritional modifications, thus
depreciating the quality of the food product [3-5].

PPO characteristics have been widely studied in
various plants such as grapes [6,7], yam tubers [8],
banana [9], plums [10], potato [11], tea [12], papaya
[13], chickpea,* alliums [15], dog-rose [16], cabbage
[17], apple [18], and peaches [19]. However, there is
no information about isolation, purification, and
characterization of nettle PPO.

Nettle (Urtica dioica 1..) has been consumed as a
fresh vegetable in Turkey. Also, nettle has been
commonly used as a natural pigment instead of
synthetic pigments in canned foods. Therefore,
characterization of PPO from nettle is very important.
The browning reaction during storage or processing is
a serious problem and in the most cases is considered
detrimental to the quality of the products [20].

It is known in traditional therapy that nettle (Urtica
dioica L..) has a hypotensive[21] and anti-inflamma-
tory[22,23] effects. Some other actions of this plant
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have also been reported such as stimulation of
proliferation of human lymphocytes [24]. The effects
of the nettle are also evoked in the therapy of prostatic
hyperplasia [25—27] and this plant has been used in
the traditional therapy of hypertension [28].

In the present work the isolation and characteriz-
ation of PPO from nettle was studied in terms of
substrate specificity, thermal activation and stability,
pH-optimum and stability, and potency of general PPO
inhibitors, so as to be able to determine the behavior of
the nettle enzyme. Specifically, we have investigated
the inhibitory effects of thiourea, L-ascorbic acid,
sodium metabisulfite, glutathione, sodium azide, B-
mercaptoethanol, dithioerythritol, sodiumdiethyl
dithiocarbamate and potassium cyanide.

Materials and methods
Plant materials and chemicals

Nettle was harvested fresh from a local garden at
Erzurum, Turkey in May and June and stored deep-
frozen at —85°C until use. Sodium metabisulfite, B-
mercaptoethanol, L-ascorbic acid, L-cysteine chloride,
thiourea, benzoic acid, sodium diethyl dithiocarba-
mate, catechol, 4-methylcatechol, L-Dopa, L-tyrosine,
p-cresol, catechin, and trans-cinnamic acid were
obtained from Sigma Chemical Co. (St. Louis,
USA). Sodium azide, salicylic acid, sodium cyanide,
and pyrogallol were purchased from Merck, Germany.
All other chemicals use were of analytical grade.

Protein determination

Protein concentration was determined according to
the dye-binding method of Bradford [29] using bovine
serum albumin as standard.

Polyphenol oxidase activity assay with different
substrates

PPO activity was determined by measuring the
increase in absorbance at 420 nm with a spectropho-
tometer (8500 II, Bio-Crom Gmb, Zurich,
Switzerland). For enzyme activity, the sample cuvette
contained 0.1 mL of the enzyme solution and 2.9 mL

of substrate solution at various concentrations. The
blank sample contained the same solution except
0.1 mL enzyme. The reaction was carried out at
various temperatures and pH values with the
substrates mentioned as described later. One unit of
PPO activity was defined as the amount of enzyme
that caused an increase in absorbance of 0.001/min
[9,18].

Purification of the enzyme

Nettle (50 g) was placed in a dewar flask under liquid
nitrogen for 10min in order to decompose cell
membranes. The cold nettle was homogenized by
using a blender in 100 ml of 100 mM cold phosphate
buffer (pH 4.5), containing 2mM EDTA, 0.5% PVP
and 0.01 M ascorbic acid for 2min at 4°C. The
homogenate was filtered and kept at 4°C before being
centrifuged at 20.000 X g for 30min at 4°C. The
supernatant was used as a crude enzyme extract. The
crude extract was further fractionated with
ammonium sulfate by being first brought to 20%
saturation, centrifuged, the supernatant collected and
then brought to 70% saturation by an additional
amount of (NH,4),SO,4. The protein precipitate was
dialyzed against 10 mM phosphate buffer, pH 6.0 and
chromatographed on a CM-Sephadex column
(2.6 X 42 cm) pre-equilibrated with the same buffer.
After loading the enzyme, the column was thoroughly
washed with the same buffer until the UV absorbance
of the eluate returned to the base line. The bound
protein was eluted with a linear gradient of 0—-1.0 M
NaCl in the same buffer at a flow rate of 0.5 mlmin .
Active fractions were collected and concentrated by
ammonium sulfate precipitation. The precipitated
protein was re-dissolved in a small volume of 100 mM
phosphate buffer (pH 6.0) and dialyzed against the
same buffer. Finally, the 10ml purified enzyme
obtained from the nettle had specific activity of
425.7 EU/ml proteins with 17.8 fold purification and
in 12.4% yield (Table I).

Characterization of nettle PPO

pH-optimum and Stabiliry. PPO activity was
determined in the pH range 3.0-5.5 in 0.2M

Table I. Purification steps for polphenol oxidase from nettle (Urtica dioica).
Total Specific
Purification Volume Activity Total Protein protein activity Yield Purification
step (mL) (EU/mL) activity (mg/mL) (mg) (EU/mg of protein) (%) fold
Crude extract 40 30 1200 1.25 50.0 24.0 100 -
(NH,4),SO, precipitation 8 104 832 2.06 16.48 50.4 69.33 2.1
Dialysis 9.2 19.0 174.8 1.92 17.62 9.92 41.3 0.41
CM-Sephadex ion-exchange 10 14.9 149 0.035 0.35 42.57 12.4 17.8
chromatography
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Figure 1. Elution pattern of nettle PPO on CM-Sephadex C-50.

phosphate/0.1 M citrate buffer, 5.5-7.0 in 0.2M
phosphate buffer and 7.5-9.0 in 0.2M Tris/HCI
buffer. PPO activity was assayed using catechol,
4-methylcatechol, L-3,4-dihydroxyphenylalanine
(L-DOPA), L-tyrosine, p-cresol, pyrogallol, catechin,
and trans-cinnamic acid as substrates. To determine
the pH stability of nettle PPO, 0.5ml of crude
enzyme solution was incubated in 1ml buffer
solution pH 3.0-9.5 for 96 h at 4°C. Aliquots were
then taken at intervals and enzyme activity was
assayed with catechol as the substrate. Briefly, all of
the solutions except for the enzyme solution were
heated in a water bath for 5min. Enzyme was then
added to this mixture and the activity measurement
commenced. Finally, increased absorbance was
recorded during a 3 min period. The optimum-pH
values obtained from this assay were used in all the
other experiments.

The effect of temperarure. PPO activity was determined
at various temperatures controlled by a circulatory
water bath. The PPO activity at a definite temperature
was determined spectrophotometrically by addition of
enzyme to the mixture as rapidly as possible. For
determining optimum temperature ranges of the
enzyme for each of the above mentioned eight
substrates, activity was measured at different
temperatures in the range from 0—80°C.

Enzyme kinetics and substrate specificity. PPO activity
was assayed using catechol, 4-methylcatechol, L-
Dopa, L-tyrosine, p-cresol, pyrogallol, catechin, and
trans-cinnamic acid in buffers at optimum-pH values
and 25°C for each substrate. The rate of the reaction
was measured in terms of the increase in absorbance
(Table I). To determine the Michaelis—Menten
constant (K,,) and maximum velocity (Vay), PPO
activities were measured with variable substrate
concentrations in the standard reaction mixture. The
K., and V., of PPO for each substrate was calculated
from a plot of 1/V and 1/[S] by the method of
Lineweaver and Burk [30].
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Effect of inhibitors. The inhibitors L-cysteine chloride,
sodium azide, benzoic acid, salicylic acid, L-ascorbic
acid, glutathione, thiourea, sodium diethyl
dithiocarbamate, B-mercaptoethanol and sodium
metabisulfite at three different concentrations were
evaluated for their effects on nettle PPO activity
using catechol as substrate. The reaction mixture
(3ml) contained 0.1ml of catechol as a substrate,
2.7mL phosphate buffer (pH 4.5, 0.2 M), 0.1 mL
enzyme solution, and 0.1 mL of inhibitor solution at
a fixed concentration. A graph of PPO activity was
constructed for five inhibitor concentrations to find
the Isy value (50% inhibition effect). Then, using
five different concentrations of the substrates, PPO
activities were measured at three constant inhibitor
concentrations with the inhibitors indicated above.
1/V and 1/[S] values obtained from these activity
measurements were used for drawing Lineweaver—
Burk graphs. K; values were determined from the
graphs and the types of inhibition from plot.

Native polyacrylamide gel electrophoresis (PAGE).
Polyacrylamide slab gels electrophoresis was
performed according to Laemmli [31] wunder
native conditions (i.e. without sodium dodecyl
sulfate) for separating nettle PPO isoenzymes
under natural condition. The experiment was
conducted in a cold room at 4°C with the
electrode buffer Tris/glycine (pH 8.3) using 3%
stacking gel and 10% separating gels. The enzyme
samples were loaded on to each space of the

Figure 2. Relative mobility of nettle PPO on native polyacrylamide
gel electrophoresis
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Figure 3. The effect of pH on nettle PPO activity.

stacking gel at 0.1 mL. Initially, an electric current
on 80V was applied until the bromophenol dye
extended into the separating gel and then increased
to 150V for 5-6h until the tracking dye migrated
to 1-2cm from the bottom. After running, gels
were incubated in 15mM L-DOPA in 0.1M
phosphate buffer (pH 4.5) at 37°C for 1h and
then in 1mM ascorbic acid solution until
appearance of the isoenzyme bands. Gels were
stored in 30% ethanol and then photographed.

Results and discussion
Extraction and purification of PPO

Extraction of PPO was carried out in 0.1 M phosphate
buffer pH 4.5, containing 1% PVP and 10mM
ascorbic acid and then the enzyme precipitated with
(NH4),SO4. Several precipitations with solid
(NH,4),SO, between 0-10%, 10-20%, 20-30%,
30-40%, 40-50%, 50-60%, 60-70%, 70-80%,
80-90%, 90-100% were conducted to find the
optimum saturation point. As a result, PPO activity
of the precipitate from 20-70% (NH,),SO, was
found the highest and this saturation point was used in
all the extraction processes. PVP was used during
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Figure 4. pH stability of nettle PPO.

extraction to bind the phenols which may inactive
PPO. Ascorbic acid was also, used to reduce quinones
to phenolic substrates during extraction. Following
ammonium sulfate precipitation, the enzyme extract
was dialyzed and used for purification of PPO. Results
on the purification of the PPO are shown in Table 1.
The degree of purification of PPO was 17.8-fold after
CM-Sephadex ion-exchange chromatography
(Figure 1), showing that nettle PPO has only one
isoenzyme (Figure 2).

pH-optimum and stability

The activity in eluates of the CM-Sephadex C-50 ion
exchange chromatography was quite low, hence the
characterization was not possible. Therefore, the
enzyme samples obtained from ammonium sulfate
precipitation and dialysis were used for characteriz-
ation of the PPO. Maximum PPO activities were
observed at pH 4.5 for catechol; pH 3.5 for
4-methylcatechol, pH 3.5 for L-3,4-dihydroxypheny-
lalanine (L-DOPA); pH 4.5 for L-tyrosine, pH 3.5 for
p-cresol; pH 3.5 for pyrogallol; pH 4.0 for catechin,
and pH 3.5 for trans-cinnamic acid (Figure 3). These
results are supported in a general way by Aylward and
Haisman (1969) who reported that the optimum pH
for maximum activity of PPO varies from about 4.0 to
7.0 depending on the extraction methods, substrates
and localization of the enzyme in the cell. Nettle PPO
was almost inactive above 6.5 in the presence of these
substrates. As can be seen from Figure 4, stability of
the enzyme at different pH values (5.5-8.5) was also
investigated using catechol. Nettle PPO, at acidic pH,
was more stable than at basic pH.

Thermal activity and stability

The effects of temperature between 5—-80°C on PPO
activity were assayed and optimum temperatures for
each substrate are presented in Figure 5. As seen in
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Figure 5.

Table II, the optimum temperatures for all of
substrates ranged from 30-65°C. The enzyme was
completely inactivated at 80 °C after 3 minutes.

Substrate specificiry

The enzyme oxidized all of substrates significantly
including the phenolic substrates used in the study.
The substrate with the highest activity was found to
be L-tyrosine, and that with the lowest pyrogallol
(Table II). For determination of K, and V.
values of the enzyme, PPO activities were measured
with the eight substrates at varying concentrations
at the optimum pH and 25°C. K., and V..« values
of PPO for each substrate were calculated from a
Lineweaver and Burk plot [30]. L-Tyrosine had the
highest V., value and catechol had the lowest K,
value and was the most efficient phenolic substrate
for PPO.

It appears that the nettle PPO has a substrate-
binding site with a high affinity for small o-diphenols
such as catechol, 4-methylcatechol. In contrast to
other studies,[32,33] nettle PPO has activity toward
monophenols such as L-tyrosine.

Effect of inhibitors

The effects of ten inhibitors, namely L-cysteine
chloride, sodium azide, sodium cyanide, benzoic

Inhibition of nettle polyphenol oxidase 301
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The effect of temperature on nettle PPO activity.

acid, salicylic acid, L-ascorbic acid, glutathione,
thiourea, sodium diethyl dithiocarbamate, B-mercap-
toethanol and sodium metabisulfite, were examined,
to determine their potential for inhibition of
4-methyl-catechol oxidation by nettle PPO
(Table III) Inhibition modes of the inhibitors were
determined from the Lineweaver-Burk plots: salicylic
acid uncompetitive; sodium azide, sodium cyanide,
and benzoic acid noncompetitive, and the remainder,
competitive. Sodium diethyl dithiocarbamate was the
most effective inhibitor. The general mechanisms for
PPO inhibition have been reviewed previously [34—
38]. The prevention of enzymatic browning by a
specific inhibitor may involve a single mechanism or
be the result of interplay of two or more inhibitory
mechanisms.[15,39]

It can be concluded that crude extracts prepared
from nettle have a PPO activity very similar to that of
other plants. The enzyme is a catecholase, active
toward diphenols, and as the greatest substrate
specificity towards catechol and L-tyrosine among
the substrates tested. Consistent with previous
results, obtained from other plant PPOs, pH and
temperature optima for the enzyme, in the presence
of L-tyrosine, were 6.5 and 35°C, respectively.
Moreover, the nettle PPO activity was very sensitive
to some of the general PPO inhibitors, especially to
sodium diethyl dithiocarbamate and L-cysteine
chloride.

Table II.  Optimum pH, optimum temperature, and K,,, and V., values for PPO.
Substrate Optimum pH Optimum Temp. (°C) Kuy (M) Vimax (EU/mlmin)
Catechol 4.5 30 4.14%x 10 8554
4-Methylcatechol 3.5 45 12.55% 10°* 6599
Pyrogallol 3.5 55 10.04x 104 628
L-Dopa 3.5 45 21.4x1072 744
L-Tyrosine 4.5 30 7.90x 10°* 11290
p-Cresol 3.5 65 6.43x107% 715
(4)-Catechin 4.0 60 9.88x 107* 1098
Trans-cinnamic acid 3.5 40 5.44 % 10~* 907
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Table III. K, values and inhibition modes for different inhibitors.
Inhibitors K; means = S.D (M) Type of inhibition
Sodium azide 250 X 107*+0.24 x 107* Noncompetitive
Sodium metabisulfite 1.64 X 107> +0.83 X 107> Competitive
Sodium diethyl dithiocarbamate 1.79 X 107° = 0.40 x 10° Competitive
Sodium cyanide 0.74 X 107*+0.20 x 107* Noncompetitive
L-Ascorbic acid 1.68 X 107> + 0.61 x 107> Competitive
Salicylic acid 0.67 X 1072+ 0.23 x 107> Uncompetitive
Benzoic acid 1.31 X 1072+ 0.31 x 107> Noncompetitive
B-Mercaptoethanol 8.40 X 1077 +3.28 X 107° Competitive
L-Cysteine chloride 1.37 x 10°°+0.57 x 10°° Competitive
Thiourea 2.13 x 107*+1.28 x 10°* Competitive
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