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Polyphenol oxidase (PPO) was purified from fresh ginseng roots using acetone precipitation, carboxymethyl (CM)-Sepharose
chromatography, and phenyl-Sepharose chromatography. Two isoenzymes (PPO 1 and PPO 2) were separated using an ion-
exchange column with CM-Sepharose. PPO 1 was purified up to 13.2-fold with a 22.6% yield. PPO 2 bound to CM-Sepharose,
eluted with NaCl, and was purified up to 22.5-fold with a 17.4% yield. PPO 2 was further chromatographed on phenyl-Sepharose.
The molecular weight of the purified PPO 2 from fresh ginseng was determined by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and was about 40 kDa. The optimum temperature and pH were 20°C and 7.0, respectively, using catechol as a
substrate. Pyrogallol showed the highest substrate specificity. The effect of a PPO inhibitor showed that its activity increased
slightly in the presence of a low concentration of citric acid. High concentrations of acidic compounds and sulfite agents

significantly inhibited purified ginseng PPO 2.
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INTRODUCTION

Polyphenol oxidase (PPO) or tyrosinase is a metal-
loenzyme that contains a dinuclear copper center. These
enzymes seem to be universally distributed in animals,
plants, and some fungi and bacteria, and are responsible
for melanization in animals and the browning reaction
in plants [1]. These are also called phenolase and cat-
echolase depending on substrate specificity. They utilize
molecular oxygen to catalyze the oxidation of phenolic
compounds in which either one or two reactions occur.
PPO carries out monophenol hydroxylation, which in-
volves hydroxylase and cresolase activities (EC 1. 14. 18.
1), and oxidation of o-dihydroxyphenols into o-quinones,
which involves laccase and catecholase activities (EC 1.
10. 3. 1) [2-4]. The physiological functions of plant and
fungal PPO are not well understood. Melanins produced

by fungal PPO contribute to spore formation and fungal
virulence [2,4]. In higher plants, PPO plays a role in de-
fense against pathogens and insects. This plant defense
mechanism is provided by reactive oxygen species via
oxidation of o-quinones [5]. PPO is important to industry,
because it affects food quality by oxidizing polyphenols
in edible vegetables and fruits. PPO may find applica-
tions in the biosensor and drug industries, as well as in
phenolic compound degradation. PPO has been used to
synthesize value-added products such as 3,4-dihydroxy-
L-phenylalanine (L-DOPA) for treatment of Parkinson’s
disease [6]. PPO from potato or fungi has been used to
degrade organic contaminants [7].

Korean ginseng (Panax ginseng Meyer) has been used
as a medical and pharmaceutical herb for many kinds of
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diseases and as a functional health food in Asian countries
[8,9]. Ginseng root is usually dried for storage or used
like many vegetables. But, the browning reactions pre-
sumed to be due to oxidation of phenolic compounds by
PPO and peroxidase (PO) in this plant occur during the
drying process. Brown or black pigment can be produced
enzymatically and chemically in plant tissues. The brown-
ing reaction is also involved in considerable economic
loss due to changes in color, flavor, and nutritional values,
resulting in chemical changes in fresh ginseng [10].

Many studies have characterized PPO from difference
sources such as apple [11], grape [12], potato [13], and
fungi such as Boletus erythropus [14] and Trichoderma
reesei [15]. Although PPO from various plants and fungi
has been studied for many years, ginseng PPO has not
been studied in detail.

In this study, PPO was purified from ginseng root
using ion-exchange chromatography and hydrophobic
interaction chromatography to identify optimal pH, opti-
mal temperature, substrate specificity, and the molecular
weight of the purified ginseng PPO. The purification and
characterization of ginseng PPO may help in korean gin-
seng studies for the food industries and processed food
using ginseng.

MATERIALS AND METHODS

Materials

Six-year-old ginseng (P. ginseng Meyer) root was ob-
tained from the Anseong Ginseng Nonghyup (Anseong,
Korea) and stored at -80°C before use. Miracloth was
purchased from Calbiochem (San Diego, CA, USA).
Phenyl-Sepharose 4-Fast Flow and carboxymethyl (CM)-
Sepharose-Fast Flow were obtained from Pharmacia
(Uppsala, Sweden). All other reagents including PPO in-
hibitors were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Polyphenol oxidase assay and protein determina-
tion

PPO was assayed in 50 mM HEPES-KOH, pH 7.0,
containing catechol as a substrate at 20°C by measur-
ing the initial rate of quinone formation. The PPO assay
mixture contained 50 mM HEPES-KOH, pH 7.0, 30
mM catechol, and 0.1 mL of enzyme in 1.5-mL. Reac-
tion mixtures were incubated at 20°C for 30 min. Absor-
bances at 420 nm were measured spectrophotometrically.
One unit of PPO activity was defined as the change in
absorbance of 0.001 per min. Activity measurements
were carried out in duplicate. Proteins were measured
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by the Bradford microprotein assay [16]. Bovine serum
albumin was used as the standard.

Electrophoresis

Enzyme purity was determined during the purification
steps using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Electrophoresis was car-
ried out according to the method of Laemmli [17]. The
separating gel concentration was 15% with a 4% stack-
ing gel. Gels were stained with Coomassie blue.

Substrate specificity

Substrate specificity was determined using five dif-
ferent substrates. Activity was measured by monitoring
wavelength. Hydroquinone was used as the monophe-
nolic substrate, whereas L.-DOPA, chlorogenic acid, and
catechol were used as diphenolic substrates. Pyrogallol
was used as the triphenolic substrate. In the case of hy-
droquinone, chlorogenic acid, catechol and pyrogllol as
substrates, 420 nm was used as the detecting wavelength
and in the case of L-DOPA, 475 nm was used. A 10 mM
substrate solution was prepared in 50 mM HEPES-KOH,
pH 7.0.

Optimal temperature and pH on ginseng polyphe-
nol oxidase activity

Optimal temperature was determined by adding 0.1
ml of the purified enzyme to 1.4 mL of 30 mM catechol
in 50 mM HEPES-KOH, pH 7.0. The mixture was incu-
bated at 10°C to 70°C for 30 min. Optimal pH was de-
termined by adding 0.1 mL of the purified enzyme to 1.4
mL of 30 mM catechol in 50 mM HEPES-KOH (pH 5.0
t0 9.0).

Inhibitor studies of ginseng polyphenol oxidase
activity

A ginseng PPO standard assay mixture was tested with
four different inhibitors (kojic acid, ascorbic acid, sodium
metabisulfite, and citric acid) at two different concentra-
tions of 1 and 10 mM. These inhibitors were prepared in
50 mM HEPES-KOH, pH 7.0 and 30 mM catechol was
used for the substrate.

Purification of ginseng polyphenol oxidase

All purification steps were performed at 4°C. The
crude enzyme extract for PPO purification was pre-
pared using the procedure of Ozel et al. [14], with some
modifications. Fifty grams of ginseng root were frozen
in liquid nitrogen and ground to a fine powder with a
Waring blender. The ginseng powder was suspended in



200 mL of buffer (50 mM sodium acetate, pH 5.0 con-
taining 20 mM ascorbic acid, 1 mM benzamidine-HCI,
and 0.5 mM phenylmethylsulfonyl fluoride). The slurry
was homogenized at 12,000 rpm for 5 min with a Poly-
tron PT 3000 homogenizer (Kinematica AG, Lucerne,
Switzerland) and filtered through two layers of Miracloth
(Calbiochem). The filtrate was centrifuged at 8,000 rpm
for 30 min at 4°C. Acetone was added to 30% of the
supernatant and centrifuged at 8,000 rpm for 20 min at
4°C. After centrifugation, the supernatant was collected,
acetone was added to 50%, and centrifuged as described
above. The precipitate was dissolved in 10 mL of 50 mM
sodium acetate buffer, pH 5.0. The crude enzyme solu-
tion was loaded onto a CM-Sepharose column (2.5%25
cm) previously equilibrated with 50 mM sodium acetate
buffer (the equilibration buffer). The column was washed
with equilibration buffer to remove unbound protein.
After column washing, the buffer was changed stepwise
to 0.5 M NaCl with equilibration buffer containing NaCl,
and bound proteins were eluted. The eluted fractions (4
mL/tube) showing higher PPO activities were collected,
and the fractions were used for further purification. The
collected fractions were adjusted to 1 M ammonium
sulfate before loading. The sample containing 1.0 M am-
monium sulfate was loaded onto the phenyl-Sepharose
4-Fast Flow column (1.5%20 c¢m), previously equilibrated
with the above buffer containing 1.0 M ammonium sul-
fate. The column was eluted with the same buffer with-
out ammonium sulfate. The higher PPO activity fractions
were collected.

RESULTS AND DISCUSSION

Purification of polyphenol oxidase from ginseng
Ginseng PPO was purified using acetone precipita-
tion, ion-exchange chromatography, and hydrophobic
interaction chromatography. Two types of ginseng PPO
were obtained from the CM-Sepharose column. Table

Table 1. Purification of ginseng polyphenol oxidase

Kim et al. Ginseng polyphenol oxidase purification

1 shows the ginseng PPO purification steps. During the
PPO extraction procedure, proteinase inhibitors such as
phenylmethylsulfonyl fluoride and benzamidine as well
as a reducing agent such as ascorbic acid for inhibiting
the browning reaction were added. Acetone precipitation
as the first step of the ginseng PPO purification was ef-
fective for removing low molecular weight proteins and
lipid-soluble compounds. A total of 95% of the proteins
were removed during this process, and the PPO recovery
was 101% (Table 1). Higher than a 100% yield might
be due to removal of the inhibitors in the crude extract.
The enzyme solution was applied to the CM-Sepharose
column, from which two types of ginseng PPO (PPO 1
and PPO 2) were obtained. PPO 1, which is the unbound
form, was eluted with equilibration buffer without NaCl,
and PPO 2 was eluted with a buffer containing 0.5 M
NaCl (Fig. 1). A Coomassie-stained gel of the two PPO
activity peaks was shown in Fig. 2. The unbound frac-
tions (PPO 1) showed the contaminant protein, which
was located around 60-kDa. The bound fractions (PPO 2)
do not seem to contain the 60-kDa contaminant protein.
PPO 1 and PPO 2 resulted in 22.6% and 17.4% recovery,
and a 13.2-fold and 22.5-fold purification, respectively.
Fractions eluted with NaCl were used for the further puri-
fication step, which was hydrophobic interaction chroma-
tography on phenyl-Sepharose. Hydrophobic interaction
chromatography has been used to purify PPO from other
sources including mamey [18], longan fruit [19], and
apple [20]. The peak from the phenyl-Sepharose column
without salt showed the highest activity, whereas the 1.0
M ammonium sulfate fractions did not show any activ-
ity. The purified PPO from the phenyl-Sepharose column
could be visualized only after concentrating the fractions
by acetone precipitation. Ginseng PPO 2 was purified
215-fold from the crude extract, resulting in about 3 pg
of the enzyme from 50 g of ginseng powder. The overall
yield for ginseng PPO was 1% from the crude extract.
The reason for the low purification yield was partly due

Fraction Vz)rhulir)le protZ?r:a(lmg) activﬁli“:)}fa(lunit) Spe&fﬁ/ﬁgg)\’ity \?’Zl)d Purification fold
Crude extract 200 64.6 1,200 18.6 100 1
Dissolved 50% acetone-precipitated pellet 9.5 32 1,216 380 101.3 20.4
Carboxymethyl-Sepharose
Peak I 12 1.1 271.5 246.8 22.6 13.2
Peak 11" 8 0.5 209.3 418.6 17.4 22.5
Phenyl-Sepharose 0.7 0.003 12.0 4,000 1 215

Purification was based on 50 g of wet ginseng powder.
"Only peak Il was chromatographed on phenyl-Sepharose.
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Fig. 1. Elution profile of the ginseng polyphenol oxidase (PPO) by carboxymethyl (CM)-Sepharose column chromatography. A crude enzyme
solution was applied to the CM-Sepharose column, and PPO was eluted with a step gradient from 0 to 0.5 M NaCl. Each fraction was 4 mL, PPO

activity was determined, and highly active fractions were collected.

Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
of the ginseng polyphenol oxidase (PPO) resolved by carboxymethyl-
Sepharose chromatography. The gel was stained for proteins with
Coomassie blue. Lane 1, molecular weight markers; lane 2, dissolved
acetone pellet; lanes 3 to 5, flow-though fractions (PPO 1); lanes 6 to
8, eluted fractions with 0.5 M NaCl (PPO 2).

to the two types of ginseng PPO from the CM-Sepharose
column chromatography, and only PPO 2 was used for
the final purification step. The molecular weight of the
purified PPO was determined by SDS-PAGE and was
about 40 kDa (Fig. 3). According to studies on PPO pu-
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Fig. 3. Sodium dodecy! sulfate-polyacrylamide gel electrophoresis
of the ginseng polyphenol oxidase (PPO) at various stages of pu-
rification. Lane 1, molecular weight markers; lane 2, crude extract
of ginseng powder; lane 3, carboxymethyl-Sepharose peak 2 (PPO
2); lane 4, phenyl-Sepharose peak concentrated using acetone pre-
cipitation. Arrow in the right margin indicates the purified PPO from
ginseng root.

rification from various fruits and vegetables, some PPO
isoforms might exist. In fact, various plant and fungal
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Fig. 5. Optimal pH of the purified ginseng polyphenol oxidase.

species have several isoforms with different molecular
weight PPO. These isoforms can be distinguished based
on biochemical properties such as optimal pH, optimal
temperature, pl, and substrate specificity. According to
the report by Flurkey and Inlow [2], PPO is proteolyti-
cally cleaved in some plant tissues, in which certain C-
terminal or N-terminal peptides are cleaved. As a result,
the reported PPO molecular weight was less than those
calculated based on the nucleotide sequence. Because
ginseng PPO cDNA has not been reported yet, the puri-
fied molecular weight of the PPO from this study may
not provide the physiological process of ginseng.

Effect of temperature and pH on the purified gin-
seng polyphenol oxidase activity

PPO activity increased to a maximum at 20°C (Fig. 4).
Ginseng PPO had thermal stability at 10°C to 70°C (data
not shown). Optimal temperatures of some PPOs using
catechol are 25°C to 45°C [4,21]. The optimal pH was 7.0
(Fig. 5). According to previous reports, the optimum pH
of PPOs from various plants and vegetables is commonly

Kim et al. Ginseng polyphenol oxidase purification

Table 2. Substrate specificity of purified ginseng polyphenol oxidase

Substrate (10 mM) Relative activity (%)

Hydroquinone 70
3,4-Dihydroxy-L-phenylalanine 13.6"
Chlorogenic acid 68
Catechol 100
Pyrogallol 127

"Absorbance was monitored at 475 nm.

Table 3. Effect of inhibitors on the enzyme activity of purified gin-
seng polyphenol oxidase

Inhibitor Concentration (mM)  Relative activity (%)
Kojic acid 1 80.2
10 59.6
1 13.5
Sodium metabisulfite
10 8.2
1 0
Ascorbic acid
10 0
1 103.1
Citric acid
10 55

4.0 to 8.0. The optimum pH for PPO from plant sources
differs depending on the substrate [4]. Ginseng PPO
showed higher activity around neutral pH using catechol
as a substrate, as in various fruits such as longan, pine-
apple, and kiwi [22,23].

Substrate specificity of the purified ginseng poly-
phenol oxidase activity

Substrate specificities of the purified ginseng PPO are
shown in Table 2. Although hydroquinone was used as a
substrate (Table 2), ginseng PPO did not use the mono-
hydroxy phenolic compounds such as tyrosine and vanil-
lic acid (data not shown). However, ginseng PPO did use
dihydroxy and trihydroxyphenol compounds such as cat-
echol, L-DOPA, hydroquinone, and pyrogallol under the
present assay conditions. Interestingly, activity increased
approximately 27% compared to maximum activity us-
ing pyrogallol as a substrate, than that using catechol as
the substrate. Different plants and fruits have various
natural phenolic compounds [4]. Previous reports have
shown that white and red ginseng have seven phenolic
compounds, including vanillic acid, #rans-p-coumaric, p-
hydroxybenzoic acid, salicylic acid, genistic acid, trans-
ferulic acid, and caffeic acid [24-26]. Among them,
vanillic acid and caffeic acid are useful as substrates for
PPO from grape, sunflower, and peach [27-29]. In this ex-
periment, catechol was used as the substrate for the assay.

http://ginsengres.org
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Inhibitor studies

The effect of inhibitors on the purified ginseng PPO is
shown in Table 3. As previously reported, PPO was inhib-
ited by two types of inhibition such as interactions with
copper in the enzyme and with the binding site for the
phenolic substrates. Ginseng PPO activity was inhibited
by ascorbic acid, sodium metabisulfite, and kojic acid,
using catechol as the substrate. In contrast, | mM citric
acid showed slight activation rather than inhibition for
the ginseng PPO. In general, acids and reducing agents
also inhibit PPO [1,4]. Ascorbic acid, used to inhibit the
browning reaction, is commonly utilized as a reducing
agent in the food industry. Some organic acids play a role
by reducing the intermediate quinones back to diphenolic
compounds and inhibiting PPO activity under acidic en-
vironmental conditions. Other organic acids such as kojic
acid and citric acid inhibit PPO by chelating the copper
ion in the PPO active site [30,31]. Additionally, sulfiting
agents are commonly used to inhibit the browning reac-
tion in vegetables and plants. Sulfiting agents interact with
the intermediate quinone, resulting in the formation of sul-
foquinone and preventing synthesis of the brown pigment
by PPO [32]. In the inhibitor studies, sodium metabisulfite
and kojic acid at 1 and 10 mM showed 13.5%, 8.2% and
80.2%, and 59.6% activity, respectively (Table 3). Ascor-
bic acid showed 100% inhibition at both concentrations.
However, citric acid stimulated PPO activity slightly rath-
er than inhibited it at the low concentration. It has been re-
ported that citric acid lower than 0.02 M stimulated PPO
activity of fresh-cut Chinese water chestnut in an in vitro
assay and also browning in apple slices was not inhibited
in an in vivo assay with a low concentration of citric acid
[33,34]. In the present experiment, 1 mM citric acid did
not show any inhibition for ginseng PPO.
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