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Banana pulp polyphenol oxidase was partially purified in a latent form using sequential aqueous
two-phase systems based on Triton X-114 and PEG 8000/phosphate. The purification achieved from
a crude extract of banana pulp was 5-fold, with 50% recovery of the activity. The (poly)phenols,
including tannins, were also reduced to 6% of the original, avoiding the postpurification tanning of
the enzyme and rendering only one enzymatic form in contrast to the many previously shown for
this enzyme in both electrophoretic and isoelectrofocusing methods. The enzyme was kinetically
characterized with its natural substrate (dopamine) and tert-butylcatechol in the presence and in
the absence of the main activating agent, sodium dodecyl sulfate. In addition, the effect of several
inhibitors was also tested, and the Ksi values of the two most effective substrate analogues (tropolone
and kojic acid) were determined.
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INTRODUCTION

In common with many fruits and vegetables, banana
contains polyphenol oxidase (PPO; EC 1.14.18.1, mono-
phenol dihydroxy-L-phenylalanine:oxygen oxidoreduc-
tase), which catalyzes two different reactions, each using
molecular oxygen: the hydroxylation of monophenols to
o-diphenols (monophenolase activity) and the oxidation
of the o-diphenols to o-quinones (diphenolase activity)
[for review, see Sánchez-Ferrer et al. (1995)]. The
quinones thus formed are highly reactive substances,
which normally react further with other quinones,
amino acids, or proteins to produce the colored com-
pounds that are responsible for losses in nutrient
qualities (Sánchez-Ferrer et al., 1993a). This is also a
severe problem in the isolation of plant enzymes. The
successful prevention of these reactions in the pulp,
where most of the PPO occurs (Padron et al., 1975),
involves a detailed study of the enzyme’s biochemical
properties before a technological process can be devel-
oped (Cano et al., 1990).

Banana PPO has been seen as a clear example of this
problem since it was first described by Griffiths (1959)
as the enzyme responsible for the browning of this fruit
by oxidizing its naturally occurring o-diphenol, dopam-
ine. Since then, this enzyme has been purified accord-
ing to different drastic and time-consuming methods.
The first was described by Palmer (1963) and included
extraction in phosphate buffer (pH 7.0) containing 1%
of a nonionic detergent followed by acetone precipitation
and several chromatographic steps. Deacon and Marsh
(1971) used a more complicated procedure to demon-
strate the capacity of the enzyme to o-hydroxylate
tyramine to dopamine. This procedure included homog-
enization in cold (-10 °C) 95% ethanol and precipitation
with protamine sulfate and CaCl2, followed by acetone

precipitation, ammoniun sulfate fractionation, and stor-
age at -10 °C for 2 days before the chromatografic steps
were initiated.

At the beginning of the 1980’s, 1% polyvinylpyrroli-
done (PVP) was included to remove phenols, prior to
acetone precipitation and reextraction with 0.5% Triton
X-100, although the material still had to be stored in a
freezer (-35 °C) for a minimum of 7 days before the
chromatographic steps to remove any insoluble dark
material. Since then, however, few changes have been
introduced in the prechromatographic steps, except for
the addition of 0.01% ascorbic acid and the use of (NH4)2-
SO4 fractionation, which gave better results than the
acetone precipitation (Thomas and Janave, 1986).

The above clearly indicates that banana PPO is
difficult to purify without discoloration due to the
presence of a large quantity of (poly)phenols and tan-
nins, which covalently modify the enzyme during the
first purification steps and give rise to a multiplicity of
bands in gel electrophoresis, ranging from 2 (Padron et
al., 1975) to 14 (Thomas and Janave, 1986).

Temperature-induced phase partitioning in Triton
X-114 (TX-114 has been shown to be a suitable extrac-
tion method for plant enzymes with the above problems
since it was first used by our group in 1989 [for reviews,
see Sánchez-Ferrer et al. (1994a,b)]. TX-114 can extract
plant enzyme in wild conditions as Triton X-100 can,
but, at the same time, it is able to remove phenols and
chlorophylls by centrifugation alone, rendering un-
tanned latent enzymes (Sánchez-Ferrer et al., 1989a,b,
1990, 1993a,b; Nuñez-Delicado et al., 1996).

Preliminary experiments with banana pulp solubi-
lized by using the TX-114 method showed that this
detergent was able to remove phenols from the extract
to render a clear enzyme, which, when stored, turned
brown, indicating that the tanning of this enzyme was
due not only to the oxidation of monomeric phenols
oxidation but also to the presence of a high level of
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oxidable polymeric (poly)phenols, including tannins.
Because polyethylene glycols have been demonstrated
to bind banana latex (Jones, 1965) and banana pulp
tannins (Badran and Jones, 1965) and, in the presence
of high salt concentrations, they give rise to an aqueous
two-phase system (ATPS), we investigated whether an
additional phase partition in an aqueous two-phase
system based on PEG 8000/phosphate system [for
review, see Walter et al. (1991) and Walter and Johans-
son (1994)] could remove the tannins that discolored the
enzyme.

The results described in this paper show for the first
time not only that an additional PEG 8000/phosphate
system was needed to obtain an unmodified enzyme but
also that banana PPO was isolated in a latent form by
using this new purification procedure that avoids the
general use of acetone powders.

MATERIALS AND METHODS

Plant Material. Air-freighted green bananas (Musa acumi-
nata subgr. Cavendish var. Spanish Pequeña Enana) produced
in the Canary Islands (Spain) were obtained from a commercial
source in Murcia (Coplaca, S.A.). After sitting for 24 h with
ethylene gas in the dark, the samples were stored at 17 °C for
72 h until they were at stage 4 with the peel “more yellow
than green” (Sunday and Dismas, 1994) and with a soluble
solids content of 10%.

Reagents. Biochemicals were purchased from Sigma
(Madrid, Spain) and used without further purification. TX-
114 was obtained from Fluka (Madrid, Spain) and condensed
three times as described by Bordier (1981). Thirty grams of
TX-114 containing 16 mg of butylated hydroxytoluene was
added to 980 mL of 100 mM sodium phosphate buffer (pH 7.3).
After dissolution at 0 °C, the clear solution was incubated at
30 °C. The detergent condensed and the mixture separated
overnight into a large detergent-depleted aqueous phase and
a smaller detergent-rich phase. The aqueous phase was
discarded and replaced by the same volume of 100 mM sodium
phosphate buffer (pH 7.3). Buffer and detergent phase were
mixed at 0 °C and condensed twice at 30 °C under the same
condition. The detergent phase of the third condensation had
a concentration of 25% TX-114 (w/v) and was used as the
detergent stock solution for all of the experiments. The TX-
114 concentration was estimated from the 278 nm absorption
of dilute detergent solution (A278 ) 1.25 for 0.05%, w/v) (Werck-
Reichhart et al., 1991).

Partial Purification of Banana PPO. A 30 g pulp
sample was homogenized with 45 mL of 4% (w/v) TX-114 in
100 mM sodium phosphate buffer (pH 7.3) for 1 min. The
homogenate was centrifuged at 15000g for 15 min at 4 °C. The
supernatant was subjected to temperature-induced phase
partitioning by increasing the TX-114 concentration by an
additional 6% (w/v) at 4 °C and then warming to 37 °C for 15
min. After 10 min, the solution became spontaneously turbid
due to the formation, aggregation, and precipitation of large
mixed micelles of detergent, which contained hydrophobic
protein and phenolic compounds. This solution was centri-
fuged at 10000g for 15 min at 25 °C. The detergent-rich phase
was discarded, and the clean supernatant containing the
banana PPO was subjected to a different aqueous two-phase
system based on PEG 8000 (5% w/w)/potassium phosphate
buffer (pH 7.0). After the solution had been stirred for 15 min
at room temperature, it was centrifuged at 10000g for 10 min
at 25 °C. The upper PEG-rich phase was discarded, and the
phosphate-rich phase containing the banana PPO was brought
to 15% saturation with solid (NH4)2SO4 under continuous
stirring at 4 °C. After 1 h, the solution was centrifuged at
60000g for 30 min at 4 °C, and the pellet was discarded.
(NH4)2SO4 was added to the clean supernatant to give 35%
saturation and stirred for 1 h at 4 °C. The precipitate obtained
between 15 and 35% was collected by centrifugation at the

same rotor speed and dissolved in a minimal volume of 100
mM sodium phosphate buffer (pH 7.3). The enzyme was stored
at -20 °C.

Enzyme Activity. Diphenolase activity was determined
spectrophotometrically at 400 nm (Sánchez-Ferrer et al.,
1989a) with tert-butylcatechol (TBC) (ε ) 1150 M-1 cm-1) and
at 480 nm with dopamine (ε ) 3300 M-1 cm-1). One unit of
enzyme was defined as the amount of enzyme that produced
1 µmol of the corresponding quinone/min.

The standard reaction medium at 25 °C contained 7 µg of
partially purified banana PPO, 10 mM sodium phosphate
buffer (pH 6.5), 2.5 mM dopamine, or 5 mM TBC in a final
volume of 1 mL.

In the sodium dodecyl sulfate (SDS) standard assays the
sample contained the above but with 1.4 µg of partially purified
banana PPO and 2 mM SDS detergent in a cuvette. To
determine the effect of the inhibitors, PPO activity in the
steady state was measured according to standard reaction
methods in the presence or absence of the stated concentration
of inhibitors.

Electrophoresis. SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out as described by Angleton and
Flurkey (1984). Samples were mixed with glycerol, SDS, and
bromophenol blue before being applied to 7.5% polyacrylamide
gels. Electrophoresis was carried out for 1 h at 25 °C in a
Mini protein cell (Bio-Rad). The gels were stained for PPO
activity in 100 mL of 10 mM sodium phosphate buffer (pH 6.5)
containing 5 mM L-DOPA.

Isoelectric Focusing. The isoelectric pH was determined
by isoelectric focusing on polyacrylamide gel following the
technique of Robertson et al. (1987) in native conditions. The
ampholine used has a pH of 3.0-10.0 from Fluka. The
electrodes were connected to a power supply, and the current
was maintained at 200 V for 1.5 h and at 400 V for 1.5 h.

The gels were stained for PPO activity in 100 mL of 10 mM
sodium phosphate buffer (pH 6.5) containing 5 mM L-DOPA
and 2 mM of SDS. The pH gradient was determined by cutting
an unstained gel into 0.5 cm fragments, eluting with distilled
water, and reading in a pHmeter with a microelectrode.

Other Methods. The protein content was determined
according to the Bradford (1976) dye binding method using
bovine serum albumin (BSA) as a standard. Phenolic com-
pounds were measured spectrophotometrically according to the
Folin-Denis method in 80% ethanol using chlorogenic acid as
standard (Kidron et al., 1978).

RESULTS AND DISCUSSION

The experiments carried out to extract PPO from the
pulp tissue of Spanish banana (subgr. Cavendish var.
Pequeña Enana) using buffer, or detergent in buffer,
showed that the second method alone increased the
activity extracted (data not shown), as is the case with
PPO extraction from other bananas (Galeazzi et al.,
1981). This fact, together with the large amount of
rapidly oxidized substances observed in the pulp extract
after homogenization, made it necessary to include a
substantial quantity of TX-114 (4% w/v) in the extrac-
tion buffer to prevent browning, as first described for
potato PPO (Sánchez-Ferrer et al., 1993a). After cen-
trifugation, the supernatant gave a clear solution,
termed crude extract in the purification table (Table 1).
To take full advantage of TX-114 in the removal of
phenols and hydrophobic proteins (Sánchez-Ferrer et al.,
1989a), another 6% (w/v) of TX-114 was added and the
solution was induced to phase separation by increasing
the temperature to 37 °C and holding for 15 min. This
two-phase step involved a loss of proteins, a slight loss
of PPO, and a 22% reduction in the level of phenols.
This clear enzyme solution became brown when am-
monium sulfate fractionation was carried out. Because
of this, a new alternative in PPO purification procedures
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was introduced to remove the oxidized substances
present in the 6% (w/v) TX-114 supernatant. This step
involved an additional phase partition in an aqueous
two-phase system containing PEG 8000/phosphate salt.
After phase partitioning, PPO mainly concentrated in
the salt-rich phase and showed a 39% loss of enzyme
activity and a 32% loss in phenol-like subtances, par-
ticularly tannins. This salt phase, when subjected to
ammonium sulfate fractionation, rendered a clear and
stable enzyme solution, with a 5-fold purification and
50% recovery.

The degree of purification obtained with this method
before the start of the chromatographic steps was
similar to those described for banana pulp PPO by
Galeazzi et al. (1981) (4.9-fold) and Deacon and Marsh
(1971) (5.5-fold). However, the recovery was the same
as in the latter method but lower than that obtained
by Galeazzi et al. (1981).

In addition, the method reduced the phenol and
tannin content to only 6% of the original without the
aid of special polymeric resins or acetone, which means
that when the level of oxidizing compounds is high and
combined with a high tannin content, an additional
phase partitioning in a PEG system after phase parti-
tioning in TX-114 is necessary. PEG8000/phosphate
was found to be the most suitable and cheapest for
banana pulp PPO, avoiding the use of expensive dextran
or other starch derivates. Moreover, phosphate had an
additional stabilizing effect, increasing the degree of
activation of the latent enzyme, which is in agreement
with the previously described stabilizing effect of phos-
phate ions in banana PPO (Galeazzi et al., 1981). The
removal of phenols with these two different two-phase
systems was sufficient to avoid any browning of the
enzyme solution even after many cycles of freezing and
thawing or after months of storage at -20 °C.

The partially purified banana pulp PPO appeared as
a single band in PAGE (Figure 1) only when L-DOPA
was used as substrate, even though this substrate gives

more activity bands with other banana PPOs (Mont-
gomery and Sgarberi, 1975). This result contrasted
with the two (Padron et al., 1975), four (Galeazzi et al.,
1981), and nine (Montgomery and Sgarberi, 1975) bands
found in other banana pulp PPOs. This multiplicity
confirms that in the other methods used, (poly)phenols
and tannins are oxidized by the enzyme during purifica-
tion, resulting in a covalent modification of the enzymes,
as has been previously described for potato PPO
(Sánchez-Ferrer et al., 1993a), when conjugation of the
enzyme with its own products produces some new potato
PPO forms with a yellow-white fluorescence (Patil and
Zucker, 1965). The efficiency of the new method in
avoiding this multiplicity was also seen when the
enzyme was subjected to isoelectric focusing in the range
of pH 3.0-10.0; the zymogram reflected the existence
of only one band with a pI value of 6.2 (Figure 2). This
is clearly in contrast with the eight peaks with a pI in
the range of 3.82-9.25 described for Valery bananas by
Mowlah et al. (1982) and the 14 isoenzymes for Dwarf
Cavendish bananas (Thomas and Janave, 1986) and the
10 isoenzymes for Red Skin bananas (Thomas and
Janave, 1986). Galeazzi et al. (1981) also reported that
banana pulp PPO from Dwarf Cavendish has a broad
range of isoenzymes between pH 4.0 and 6.0, with a
predominant band at 5.2.

The above-described results, that is, latency and only
one isoenzyme, would suggest the existence of a well-
defined pH profile with a clear maximum. However,
the experiments showed a flat pH profile in the absence
of SDS and only a slight increase at pH 5.5 in the
presence of SDS (Figure 3). This behavior contrasts
both with the generally accepted optimum pH values

Table 1. Partial Purification of Latent Banana PPO

vol
(mL)

total activitya

(units)
specific activity

(units/mg of protein)
purification

(-fold)
recovery

(%)
phenolic compounds

(mg/mL)
activationb

(-fold)

crude extract 46.0 10213 40.4 1.0 100 20.0 3
supernatant 6% TX-114 46.0 9509 65 1.6 93 15.6 3
salt phase 59.2 5505 127.4 3.1 54 9.1 10
15-35% (NH4)2SO4 2.5 5065 195 5.0 50 1.2 11

a Assayed at pH 6.5 with 5 mM TBC as substrate. b Activated with 2 mM SDS.

Figure 1. Electrophoresis (7.5% gel) of banana (M. acuminata
subgr. Cavendish var. Pequeña Enana) PPO stained with 5
mM L-DOPA in 10 mM sodium phosphate (pH 6.5). The lanes
contained different enzyme concentrations ranging from 5 µg
(lane 1) to 15 µg (lane 8).

Figure 2. Isoelectric focusing of the partially purified banana
PPO on polyacrylamide gel containing ampholines with a
range of pH values between 3.0 and 10.0. Staining was done
with 5 mM L-DOPA and 2 mM SDS in 10 mM sodium
phosphate (pH 6.5). The lane contained 5 µg of enzyme purified
according to the two-phase partition method.
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of 6.5-7.0 described for banana pulp PPO (Palmer,
1963) and 6.5 for plantain PPO (Ngalani et al., 1993)
and with the pH profile of other latent PPOs, because
they are easily activated at acid pH (Sánchez-Ferrer,
1989a,b, 1990, 1993a,b; Nuñez-Delicado et al., 1996) and
give rise to hysteretic responses (Valero and Garcı́a-
Carmona, 1992). However, this flat pH profile was not
due to the PEG8000/phosphate step, because a similar
pH profile was obtained with the 6% (w/v) TX-114 (data
not shown).

The study of the kinetic parameters (Vm and Km) was
carried out at pH 6.5 to compare them with the
previously published results. When dopamine, the
natural substrate of banana (Palmer, 1963) was used,
the same Km (0.57 mM) (Figure 4) was obtained in the
presence and in the absence of SDS, whereas a higher
Vm (7.3 versus 72.7 µM) was obtained. This increase
in Vm and same Km are in agreement with previously
described behavior with and without SDS in latent
potato leaf PPO (Sánchez-Ferrer et al., 1993b) and

latent broad bean PPO (Jiménez and Garcı́a-Carmona,
1996). The presence of SDS resulted in a 10-fold
increase in the catalytic efficiency of the activated
enzyme, which was similar to that described for broad
bean PPO (Sánchez-Ferrer et al., 1990) and lower than
that described for grape berry PPO (Sánchez-Ferrer et
al., 1989a). The Km value of 0.57 mM was similar to
that described by Palmer (1963) (0.63 mM) and in the
middle of the values described for banana pulp PPO,
which range from 0.17 mM for the enzyme extracted
from M. cavendishii (Galeazzi and Sgarbieri, 1981) to
1.3 mM for the enzyme extracted from M. sapientum
(Mowlah et al., 1982).

To further characterize the partially purified enzyme,
a detailed study of the activation and inhibition of the
enzyme was carried out. Normally, latent plant PPO
can be activated by different treatments that include
trypsin (Tolbert, 1973; Sánchez-Ferrer et al., 1989b), pH
(Valero and Garcı́a-Carmona, 1992; Sánchez-Ferrer et
al., 1993b), and detergents (King and Flurkey, 1987;
Sánchez-Ferrer et al., 1989a,b, 1990, 1993b; Nuñez-
Delicado et al., 1996). However, latent banana pulp
PPO was significantly activated by SDS (∼10-fold)
(Table 1) only at its optimum SDS concentration (2 mM)
(Figure 5a). The presence of cationic detergents, such
as CTAB, activated the latent enzyme 2-fold only at its
optimum concentration (Figure 5b). This degree of
activation is lower than the 50-60-fold activation in
grapes (Sánchez-Ferrer et al., 1989a) and in broad bean
(Jiménez and Garcı́a-Carmona, 1996) and similar to

Figure 3. Effect of pH on the diphenolase activity of banana
PPO in 10 mM sodium acetate (pH 3.0-5.5) and sodium
phosphate (pH 5.5-7.5) expressed as enzymatic units per
milliliter. The reaction medium contained 7 µg/mL PPO, 5 mM
TBC, without SDS (a) and 2 mM SDS (b).

Figure 4. Effect of dopamine concentration on the initial rate.
The reaction medium contained (a) 7 µg/mL PPO or (b) 1.4
µg/mL PPO and 2 mM SDS both, with dopamine concentration
ranging from 0 to 8 mM.

Figure 5. Effect of detergents on the diphenolase activity of
banana PPO. (a) Effect of SDS concentration. The reaction
medium contained 2.5 mM dopamine, 2.8 µg/mL PPO, and the
appropiate SDS concentration. (b) Effect of CTAB concentra-
tion. The reaction medium contained 2.5 mM dopamine, 7 µg/
mL PPO, and the appropiate CTAB concentration. (c) Effect
of C12E9 concentration. The reaction medium contained 2.5 mM
dopamine, 7 µg/mL PPO, and the appropiate C12E9 concentra-
tion.
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those described for latent mushroom PPO (Nuñez-
Delicado et al., 1996) and higher than those described
for potato leaf PPO (Sánchez-Ferrer et al., 1993b) and
spinach PPO (Sánchez-Ferrer et al., 1989b). The latent
enzyme could not be activated in the presence of
nonionic detergents (Figure 5b, inset), which is normal
with latent PPOs (Sánchez-Ferrer et al., 1989a, 1993b).

Tables 2 and 3 show the effects of various inhibitors
on the diphenolase activity of latent banana pulp PPO
in the presence and absence of 2 mM SDS, using tert-
butylcatechol as substrate to avoid interferences be-
tween the inhibitors and dopamine. All of the inhibi-
tors, reducing agents, and substrate analogues used in
this study inhibited PPO activity, with the extent of the
inhibition being dependent on the concentration of the
compound used and the presence or absence of SDS.
Among the reducing agents (Table 2), ascorbic acid,
L-cysteine, and metabisulfite appeared to be the most
effective inhibitors in the presence of SDS, whereas, in
its absence, diethyldithiocarbamate (DEDTC) and meta-
bisulfite were the most efficient (Table 2). Similar
results was obtained for the inhibition of plantain PPO
(Ngalani et al., 1993) and Dwarf Cavendish banana pulp
PPO (Galeazzi et al., 1981). The inhibition by thiol
compounds may be due to an addition reaction with the
quinones to form stable colorless products (Ikediobi and
Obasuyi, 1982) and/or a binding to the active center of
the enzyme as in the case of metabisulfite (Valero et
al., 1992). Ascorbate acts more as an antioxidant than
as an enzyme inhibitor because it reduces the initial
quinone formed by the enzyme to the original diphenol
before it undergoes secondary reactions which lead to
browning (Whitaker, 1972). Ascorbic acid has also been
reported to cause irreversible inhibition (Golan-Gold-
hirsh and Whitaker, 1984). Finally, DEDTC possibly
acts by complexing the copper prosthetic group of the
enzyme, as has been found for other plant PPO (Anosike
and Ayaebene, 1981).

Tropolone was the most effective inhibitor among the
substrate analogues (Table 3), almost completely inhib-
iting enzyme at 1 mM in the presence of SDS. On the
other hand, neither cinnamic acid nor L-mimosine had
much of an inhibiting effect with or without SDS. The
inhibition by kojic acid was SDS-dependent and was
more effective in the presence of SDS. To further

characterize this SDS-dependent inhibition, a kinetic
analysis of the inhibition of tropolone and kojic acid was
carried out. The inhibition was determined by Line-
weaver-Burk plots of 1/v versus 1/S at three inhibitor
concentration and confirmed by a Dixon plot of 1/v
versus I. Straight lines were obtained for both inhibitor
with or without SDS (Figure 6). The inhibition con-
stant, Ki, of each compound was deduced from the points
of interception of the plots. Both inhibitors showed a
competitive inhibition with Ki values of 46 and 164 µM
for tropolone and kojic acid, respectively. The same
values were obtained with SDS.

CONCLUSIONS

TX-114 has been extensively used to purify purifica-
tion plant enzymes since it was first used by our group
in 1989 (Sánchez-Ferrer et al., 1989a,b; Werck-Reich-
hart et al., 1991; Espı́n et al., 1995, 1997). This nonionic
detergent avoids the use of drastic methods, such us
acetate powder or insoluble polymers, which inhibit or
activate latent enzymes [for a review, see Sánchez-
Ferrer et al. (1994a,b)]. However, in some plant mate-
rial it is difficult to prevent browning and modification
of the enzymes by endogenous oxidizing compounds.
Such is the case with banana pulp, in which large
quantities of highly hydrophilic (poly)phenols and es-
pecially highly hydrophilic tannins are present. In this
case, as has been demostrated in this paper, a different
aqueous two-phase system based on PEG has to be used
as a complement to TX-114. For banana pulp PPO, the
system PEG8000/phosphate was optimum because it
removed oxidizing tannins and the high phosphate
concentration stabilized the enzyme so that it remained
latent after ammonium sulfate fractionation. This new
scheme for purifying plant enzymes will help in purify-

Table 2. Inhibition (Percent) of Partially Purified
Plantain PPO by Reducing Agentsa

without SDS with SDS

1 mM 0.1 mM 10 µM 1 mM 0.1 mM 10 µM

ascorbic acid 100 18 0 100 6 0
DEDTC 18 6 0 20 17 0
metabisulfite 100 58 25 100 72 21
L-cysteine 92 37 18 100 45 23

a Standard assay conditions were used with the appropriate
concentration of inhibitor and TBC as substrate.

Table 3. Inhibition (Percent) of Partially Purified
Plantain PPO by Substrate Analoguesa

without SDS with SDS

1 mM 0.1 mM 10 µM 1 mM 0.1 mM 10 µM

cinnamic acid 8 6 0 23 14 0
tropolone 80 40 20 95 78 50
L-mimosine 21 2 0 30 20 13
kojic acid 10 8 5 60 30 10

a Assayed under the standard reaction condition with the
appropriate concentration of inhibitor and TBC as substrate.

Figure 6. Dixon plot (1/v versus I) for the competitive type
of inhibition presented by kojic acid (a, b) and tropolone (c, d).
(a,c) The reaction medium contained 7 µg/mL banana PPO,
kojic acid or tropolone (10-80 µM), and three different
concentrations of TBC: 0.5 (b), 2.5 (9), or 5 (2) µg/mL. (b, d)
The reaction medium contained 2 mM SDS, tropolone or kojic
acid (10-80 µM), and 1.4 µg/mL banana PPO at the above
three TBC concentrations.
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ing latent enzymes from other fruits and plant materials
that contain high quantities of tannins.

ABBREVIATIONS USED

TX-114, Triton X-114; PPO, polyphenol oxidase; SDS,
sodium dodecyl sulfate; PEG 8000, polyethylene glycol
Pm. 8000 Da; CTAB, hexadecyltrimethylammonium
bromide; C12E9, nonaethylene glycol monododecyl ether;
TBC, tert-butylcatechol; DEDTC, diethyldithiocarbam-
ate.
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Nuñez-Delicado, E.; Bru, R.; Sánchez-Ferrer, A.; Garcı́a-
Carmona, F. Triton X-114-aided purification of latent tyro-
sinase. J. Chromatogr. B 1996, 680, 105-112.

Padron, M. P.; Lozano, J. A.; González, A. G. Properties of
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