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ABSTRACT

Polyphenoloxidase (PPO; EC 1.14.18.1) extractednfrMentha arvensis leaves was isolated by b8,
precipitation and extensive dialysis. Its optimukh and temperature varied with the substrate. Thé@P¥Powed
activity with various diphenols. Km values werenfd.825, 0.928 and 7.41mM for caffeic acid, 4-yletitechol
and catechol, respectively. On heat-inactivatioalf lof the activity was lost after 60 and 15 sec7@tand 75°C,
respectively. Measuring of residual activity showaedtabilizing effect of sucrose at various tempaes with
activation energy (Ea) for inactivation increasimgth sucrose concentration from 0 to 40% (w/w). \EEdues of
78.13; 80.37; 82.79 and 81.00 kJ/Mol were founddot5; 30 and 40% sucrose, respectively. PPO whatbited by
ascorbic, benzoic, cinnamic, ferulic, p-coumariaptpcatechuich acids, sodium metabisulfite, pyrégabnd
resorcinol. The Ki values showed that ascorbic asi@s the most effective inhibitor. The type infobitwas
determined for each inhibitor.
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INTRODUCTION during handling, storage and processing (Tomas-

Barberan and Espin, 2001). PPO has been
Polyphenoloxidase (PPO, monophenoxtensively studied and characterized in a variety
dydhydroxy-L-phenylalanine oxygen of tissues, as sweet potato (Lourenco et al., 1992)

oxidoreductase, E.C. 1.14.18.1) is an enzyme thgetato and taro (Duangmal and Owusu Apenten,
catalyzes the oxidation of mono-, di- andl999); egg plant (Concelldn et al., 2004); palmito
polyhydric phenols to o-quinones. Different nameg-ourenco et al., 1990); apple (Nicolas et al.,
have been associated with this enzyme includird94); pears (Gauillard and Richard-Forget, 1997),
tyrosinase, cresolase, catecholase, diphenolase grapes (Rapeanu et al., 2006); herbs (Arslan et al.
phenolase. The enzyme is widely distributed on tH97); tea leaves (Halder et al., 1998); peppermint
phylogenic scale and responsible for théKavrayan and Aydemir, 2001); oregano (Dogan et
deleterious effect of enzymatic browning reactional., 2005) and artichoke (Aydemir, 2008 entha
in foods and other materials. It is well known thaarvensis is the Mentha specie extensively
browning reactions, initiated by the enzyme, occuultivated in Brazil for the industrial and home
generally post-harvest when the tissues are expostsgs as tea infusion. It has a great number of uses
either to stress conditions, to deterioration cks medicinal crop, refreshing flavouring agent for
foods, candy, gum and dental products. To date,
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there are no studies reported on the isolation arthployed throughout the experiment. The reaction
characterization on PPO froM. arvensisleaves. mixture contained 0.002 M 4—methylcathecol, 0.05
The present study was conducted to obtaM phosphate buffer (pH 6.0), and enzyme solution
information on PPO from this source and describ@s a total volume of 3mL in the cuvette. The iditia
some properties of the enzyme and the inhibitomate of the enzyme-catalysed reaction was a linear
effect of various substances. function of time for 3 min. In all determinations,
PPO activity was assayed in triplicate
measurements and one unit was defined as a
MATERIALSAND METHODS change of 0.001 absorbance unit per min.

Plant material and chemicals Protein determination

The Mentha leaves were harvested fresh from tifgotein concentration of the various extracts and
botanic garden of Faculty of Pharmaceuticiolutions was determined by the dye-binding
Sciences-UNESP. The leaves were washed witethod of Bradford (1976) using bovine serum
distilled water, dried on filter paper and storad glbumin as standard.

4°C before use. The fresh leaves were weighted o

and used for the preparation of the enzymfgffect of temperature/thermal stability

extracts. PPO activity as a function of temperature was

Catechol, 4-methylcatechol, ascorbic acid, sodiufetermined from 5 to 60°C. The heat inactivation
metabisulfite,  mercaptoethanol, ~ DL-DOPA Studies were performed over the range of 50-80°C.

dethioerythritol,  L-tyrosine, Triton  X-100, After heating for a given period, the enzyme
cinnamic, p-coumaric, ferulic, caffeic, @liquot was cooled and immediately assayed as

Co. (St. Louis, USA). All other chemicals use®f sugar followed by the determination of the

were analytical reagent grade. remaining activity. The constant rates (k) for
inactivation were determined from the slopes of the
Enzymes extraction and partial purification time course denaturation according to: log (A/Ao

Fresh leaves (5g) were grinding in a mortal00) = - (k/2.303)t or In (A/A0) = -kt, where As i
followed by Ultra-turrax homogenization in 15 mithe initial enzyme activity and A is the activity a
0.05 M of phosphate buffer (pH 6.0) containinghe time measured. The slopes of these plots were
0.030 M ascorbic acid, 0.35 M KCI, 0.5% TRITONdetermined by linear regression and the constant
X-100 and policlar aT (0.1g/g) as phenolidates were calculated by replotting. The apparent
scavengers. The homogenates were filtered througgtivation energies (Ea) were calculated from the
two layers of cheese-cloth and centrifuged &lopes of the Arrhenius plots: In k x 1/T according
10.00@ for 40 min at 4°C. (N&),SO, was added to the equation In K = - Ea/RT, where R is the gas
to the supernatant to obtain 20-90% saturation wig®nstant (8.314 J MoIK™), T is the temperature in
gentle stirring and centrifuged at 10.@0fbr 40 Kelvin.  Slopes were calculated by linear
min at 4°C. The protein fraction that precipitatedegression. The apparent activation energy (Ea) for
was dissolved in 0.05 M of phosphate buffer (pinactivation was also performed loyeasuring the
7.0), containing 0.030 M ascorbic acid andeaction rate constant for inactivation at différen
dialyzed at 4°C for 22 h against the same buffégmperatures in the presence and absence of
containing 0.010 M ascorbic acid. The dialyzegucrose as additive. All of the assays were
sample was used as the PPO enzyme source in Bie&formed in triplicate

experiments.
pH optimum and stability

Enzyme assay PPO activity as a function of pH was determined
PPO activity was determined by measuring thesing 4-methylcatechol, catechol and caffeic acid
initial rate of quinone formation as indicated by aas substrates. Phosphate and phosphate-citrate
increase in absorbance at 420 nm at 30°C for lkuffer, ranging from pH 3.0 to 8.0 was used at the
methylcatechol  (4-methyl-1,2-benzenediol) agssays. The pH stability was determined by
substrate (Lourenco et al., 1990). An Ultrospeiicubating the enzyme in the above buffer (pH 3.0
2000 (Pharmacia Biotech) spectrophotometer wég 8.0) for 30 min and at the end of the incubation
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period, samples were taken and assayed und@ecorbic acid, 0.35 M KCI, addition of Policlar aT
standard conditions as described above. All of tH{6.1g/g) and 0,5% Triton X-100. Since PPO

assays were performed in triplicate. precipitated in a broad ammonium sulfate
saturation range (20-90%), followed by extensive
Substrate specificity and kinetic studies dialysis (22 h). This preparation was used as the

Michaelis-Menten constant (K and maximum source of enzyme for the studies. The PPO activity
reaction velocity (May of Mentha PPO were can be assayed in the presence or absence of SDS
determined using various substrates (catechol, @oore and Flurkey, 1990; Nunez-Delicado et al.,
methylcatechol, caffeic, protocatechuic, cinnami2g003; Concellén et al., 2004). The effect of SDS in
acids, tyrosine, pyrogallol and resorcinol, in eacthe activation process results from a
own wavelength). Data were plotted as 1/V x 1/8onformational change due to the binding of a
concentration according to the method ofmall quantity of SDS to the active site (Moore and
Lineweaver and Burk (1934). All of the assay$lurkey, 1990, Gauillard and Richard-Forget,

were performed in triplicate. 1997). Nunez-Delicado et al. (2003) related a laten
_ S _ o form of PPO in persimmon fruit that was optimally
Effect of variousinhibitorsin the activity activated by the presence of 1 mM SDS; the latent

The effect of inhibitors (ascorbic, caffeic, p-enzyme presented monophenolase and diphenolase
coumaric, ferulic, protocatechuic, benzoic acidgctivities and in the absence of SDS the enzyme
resorcinol, pyrogallol, sodium metabisulfite) orgctivity increased at acidic pH. Sodium dodecyl
PPO activity was measured in the standard reactigfiiphate from 0.01 to 0.1% concentration was
medium in the presence and absence of differegisted in the assay of mentha PPO, but it did not
concentrations of the substances. Using twgfect the activity (data not shown). This indichte
different concentrations of substrates, PPO agtivithat the mentha PPO was fully active without the

was assayed at various concentrations of tigesence of a latent form of the enzyme.
substances. Values of 1/V x [i] concentration were

plotted and the Ki determined according to thpH optima
method of Dixon (1953). All of the assays wer@ptimum pH for PPO activity with caffeic acid, 4-

performed in triplicate. methylcatechol and catechol as substrates were pH
o 45, 5.0 and 6.5, respectively (Fig 1). However,
SDSactivation when using 4-methylcatechol at pH 3.5 and 8.0, the

Enzyme extract was incubated with sodiungnzyme sitill retained 15 and 30% of the optima
dodecyl-sulphate (SDS) at various concentratioRgtivity. Differences in optimum pH for PPO with
for 5 min, followed by the determination of thegistinct substrates have been reported for the
enzyme activity as described above. SD@nzyme from various sources (Lourenco et al.,
concentrations in the incubation medium werg@gop; Gonzalez et al., 2000; Kavrayan and
varied from 0.01 to 0.1%. Aydemir, 2001; Nunez-Delicado et al., 2003;
Dogan et al, 2005; Rapeanu et al., 2006).
However, for 4-methylcatechol, pH optima of 4.0;
RESULTSAND DISCUSSION 5.7 and 6.5 were found for sweet potato (Lourenco
et al., 1992), egg plant (Concellon et al., 2008 a
The extraction of PPO from the leaves M |ongan fruit (Jiang, Yue-Ming, 1999), respectively.
arvensisneeded the addition of browning inhibitors
because the tanning reactions caused partigthe effect of temperature on PPO activity
inactivation of the enzymes and/or also renderedptimum temperature for PPO activity with caffeic
the extract browned. Various compounds wergcid and catechol was 30°C; however, when using
tested in the extraction medium as 24-methylcathecol as substrate, it was 15°C (Fig 2).
mercaptoethanol, PEG 6000, dithioeritritholThis surprising behavior of the PPO enzyme with
metabisulfite. However, some of them inactivateche last substrate was confirmed after several
the enzyme or did not interact with phenolics angpetitions. Heating for 30 min at 30°C caused no
produced various degree of browning. The highghanges in the activity; however, at the higher
yields of PPO activity associated with a lowetemperatures, the enzyme was rapidly inactivated.
browning was obtained in the pH range of 5.5-7.@ptimum temperatures for PPO activity in others
with phosphate buffer 0.05 M containing 0.030 Msources were reported to be between 20 and 40°C
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(Rapeanu et al.,, 2006, Lourenco et al., 199Kavrayan and Aydemir, 2001).
Dogan et al.,, 2005, Concellébn et al.,, 2004,
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Figure 1 - Activity of Mentha arvensi®PO as a function of pH for different substratsssay
conditions described in methods.
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Figure 2 - Effect of temperature olentha arvensi®PO activity for different substrates. Assay
conditions described in methods.

The enzyme was reasonably stable at 60°C and,maslecule that remained active (Neves and
expected, the rate of inactivation was higher withourengo, 1998, Hemeda and Klein, 1991, Vamos-
increasing temperature (Fig. 3). When exposed Yigyazo, 1981).

65°C, a 65% residual activity was registered for 60ontrary to peroxidases, PPO is not a heat-stable
sec, in contrast to 30 and 15 sec at 70 and 75°%2zyme (Vamos-Vigyazo, 1981). The half-life of
respectively. The times required for 50%he mentha PPO at 70°C was similar to PPO from
inactivation of PPO activity at 70°C and 75°Cother sources such as taro and potato (Duangmal
were 60 and 15 sec, respectively (Fig. 3). Thend Owusu Apenten, 1999) grape (Rapeanu et al.,
mentha PPO showed a biphasic therm&006) and less resistant to heating than PPO from
inactivation behavior to 60, 65 and 70°Cpeppermint (Kavrayan and Aydemir, 2001) sweet
However, several workers imputed this charact@otato (Lourenco et al.,, 1992) and palmito
non-linear to the formation during the heating ofLourenco et al., 1990).

denaturated protein forms and groups of PPO
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Figure 3 - Heat inactivation oMentha arvensi®PO at different temperatures. The enzyme was
incubated at the temperatures (50-80°C) and theiréng activity was determined
with 4-methylcatechol as substrate.

The effect of sugars on heat stability and observed a higher stability for sweet potato PPO in
activation energy the presence of 20 and 40% (w/w) of sucrose.
The enzyme was heated at 70, 75, 80, 85 and 90FGwever, there are only few data related to

in the presence and absence of sucrose at 0, 15a80vation energy in the presence of sugars for PPO
and 40% concentration (w/w) in the incubatiofrom other materials. According to the present

mixture. A rise in sucrose concentratioresults and those of other authors the enzymes
corresponded to an increase in enzyme stabilisom different sources appeared to behave
regardless of the heating temperature, whatifferently in the presence of sugars on heating.
compared to control without sugar (Figs 4 to 6)arious oxidative enzymes such as peroxidases
The temperature-dependence of k was evaluategre less susceptible to thermal inactivation when
using Arrhenius equation as shown by the graph Ireated in different sucrose solution concentration
Fig. 7. The apparent activation enerdyal for (Changet al, 1988, Neves and Lourenco, 1998;

enzyme inactivation in the absence of sucrose whigves, 2002). The protective effect of polyols on

78.13 kJ Mol, a value higher than PPO fromthermal denaturation of proteins is a fact; howgever

potato (Duangmal an@wusu Apenten, 1999) andthe mechanisms are still in discussion (Arakawa
lower than taro, Victoria grape and DeChaunaand Timashef, 1982, Neucere and St Angelo,
grape (Duangmal and Owusu Apenten, 1999985). Lee and Timashef (1981) and Arakawa and
Rapeanu et al., 2006, Lee et al.,, 1983). ThEmashef(1982) showed evidences of the protein-

calculated values of the apparent activation energglvent relationship as a stabilizing factor of the

(Ea) for enzyme inactivation in the absence angrotein structure, representing the preferential
presence of sucrose at the temperature rangéeraction protein-water as a function of the

studied showed an increase with sugasucrose concentration in the system. Several
concentration. Ea values of 78.13, 80.37, 82.79 aadthors observed an increase in the activation
81.0 kJ Mol" were found at 0, 15, 30 and 40%energy (Ea) for denaturation with an increase in
sucrose, respectively. These results were contraycrose concentration for different enzymes and
to that observed for peppermint PPO (Kavrayatiey suggested that some physicochemical
and Aydemir, 2001) where the sucrose solutions ptoperties alterations of the system could be due t

20 and 40% (w/w) did not protect the enzym¢he water structure (Arakawa and Timashef, 1982,
against heat-inactivation. Lourengt al (1992) Back et al., 1979, Lee and Timashef, 1981).
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Figure 4 - Heat inactivation curves dflentha arvensiPO at 70 and 75°C in the presence of

sucrose at 0, 15, 30 and 40% (w/w) concentrati®esidual activity determined as
described in methods.
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Figure5 - Heat inactivation curves dflentha arvensi®PO at 80 and 85°C in the presence of

sucrose at 0, 15, 30 and 40% (w/w) concentratiBasidual activity determined as
described in methods.
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Figure 6 - Heat inactivation curves dflentha arvensi®PO at 90°C in the presence of sucrose at
0, 15, 30 and 40% (w/w) concentrations. ResidutiVie determined as described in

methods.
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Figure 7 - Arrhenius plot for heat inactivation of the eney for Ea calculation.

Substrate specificity and enzyme kinetics K for caffeic acid was 0.825 mM a value lower
The extracted PPO from various sources have beéman 2.3 mM and 5mM related for potato
shown varying substrate specificity as reported ilDuangmal et al., 1999) and sweet potato enzymes
the literature (Dogan et al., 2005; Dogan et al(Lourenco et a).1992), respectively. However, it
2005a, Aydemir, 2004, Lourenco et al.,, 1990compared with the value of 0.590 mM for palmito
Concelldn et al., 2004). The PPO frdvin arvensis PPO (Lourenco et al., 1990). The, ldbtained for
showed activity with various o-diphenols tested4-methylcatechol was lower than reported for egg
The apparent K and V. for the three substrates plant (Concellbn et al., 2004), palmito stem
tested are present in the Table 1. MaximunfRobert et al., 1996), blackberry fruits (Gonzalez
activity was observed with caffeic acid, followedet al., 2000) and pear (Gauillard and Richard-
by 4-methylcathecol and catechol. L-tyrosine wa$orget, 1997).

not oxidized by the enzyme, suggesting a possibleee et al. (1983) found Kvalues of 15.9 and 24.6
absence of cresolase activity. Resorcinol, DLmM, respectively, for DeChaumac grape with
Dopa, pyrogallol, protocatechuic, p-coumaric,caffeic and 4-methylcatechol as substrate.
ferulic and cinnamic acids; catechin and quercetibuangmal and Owus@penten (1999) reported
were not oxidized by. arvensisPPO (data not that 4-methylcatechol was the preferred substrate
shown). The enzyme had a relatively high affinityfor PPO from taro and potato with a,Kalue of
towards caffeic acid, which was the the bes9.0 and 1.1 mM, respectively.

substrate of those tested (lowest Kalue). The
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Table 1 - ApparentVyax andK, of M. arvensisPPO for three phenolic substrates

Substrate Vuax % found for 4-methylcatechol Kn(MM)  Vyax/Km(U.mLEMD
4-methylcatechol 100.0 0.928 56.12 X 10
caffeic acid 102.1 0.825 64.46 x*10
Catechol 74.1 7.41 52.10 x310

*1/V x 1/S according to Lineweaver-Burk (1934) plots

When catechol was used as substrate thioKM.  Effect of inhibitors on PPO activity

arvensisPPO was close to the value of 7.51 mM The potential of inhibition of PPO activity was
5.0 mM, 6.25 mM, and 6.8 mM reported for PPOverified with phenolic compounds analogue to the
from Victoria grape (Rapeanu et al., 2006), litchisubstrate, reducing agents and others. Table 2
(Yue-Ming et al., 1997), peppermint (Kavrayanshows the effect of various compounds on the
and Aydemir, 2001) and potato (Duangmal andctivity of M. arvensis PPO. The most potent
Owusu Apenten,1999). The apparent YK, inhibitors were ascorbic acid and sodium
values for caffeic acid and 4-methylcatecholmetabisulfite since these compounds induced a
(Table 1) indicated a more enzymatic browninghigh degree of inhibition, even at the lowest
capability for the first substrate; however, theconcentration used. Both inhibitors presented an
substrate catechol showed a lower affinity for PP@nitial lag phase when measuring the PPO activity.
than the others. Victoria grape PPO (Rapeanu #&Yith regard to substrate analogues, cinnamic acid
al., 2006) showed higher values of specificitywas the most effective inhibitor followed by
coefficient for chlorogenic, catechin and 4-methylpyrogallol, a trihydroxyphenol; p-coumaric and
catechol, in the sequence. The arvensisPPO benzoic acid. EDTA did not inhibit the enzyme at
maintained activity when stored at -15 °C for aconcentrations up to 8 mM while ferulic acid acted
period up to 30 days; it lost only 14% enzymeas an activator of the mentha PPO at
activity for five days and after 30 days, about 52%oncentrations as low as 1.5 mM (data not shown).
loss was observed. Thus, tihd. arvensisPPO The inhibition was determined by a Dixon (1953)
presented more stable than others like peppermiptot of 1/V versus [i] at two substrate
(Kavrayan and Aydemir, 2001) and artichokeconcentrations (50 and 100 mM). The Ki and type
(Dogan et al., 2005) for the same temperature araf inhibition calculated are present in Table 2.
storage period. The Victoria grape PPO was very

stable when stored at -80 and -35°C (Rapeanu et

al., 2006)

Table 2 — K; values and inhibition modes of tMe arvensisPPO* with different inhibitors
Inhibitor Ki (M) Inhibition Type
Ascorbic acid 0.033. 19 competitive
Cinnamic acid 0.078. 10 competitive
Sodium metabisulfite 0.042. 0 competitive
Protocatechuic acid 0.185. 10-3 competitive
Pyrogallol 0,162. 10-3 non-competitive
p-Coumaric acid 1.083.10-3 non-competitive
Benzoic acid 1.274.10-3 competitive
Resorcinol 17.30. 10-3 non-competitive

*4-methylcatechol as substrate.

A competitive-type inhibition was obtained with type inhibitors. Robert et al. (1997) observed a
ascorbic, cinnamic, protocatechuich, benzoic acidompetitive-type inhibition with cinnamic and
and metabisulfite. However, pyrogallol, pcoumarichenzoic acid using 4-methylcatechol as substrate,
acid and resorcinol showed to be non competitiveahile p-coumaric was shown to be non-
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competitive inhibitor for palmito PPO. The same (Cynara scolymus.) headsFood Chemistry87, 59-
was observed by Gunata et al. (1987) for grape67.

polyphenoloxidase. Lourengo et al. (1992)Ba.Ck, J. F., Oakenful, O and Smlth, M B. (1979),
reported that cinnamic and p-coumaric acids were Increased thermastab_lhty of protems in the presen
competitive-type inhibitors of sweet potato PPQ_ °f Sugars and polyol&iochemistry 18, 5191-5200.

hen 4 thvlcatechol d bstrat Bradford, M. M. (1976), A rapid and sensitive matho
when 4-methylcatechol was used as substrate. for the quantification of microgram quantities of

protein utilizing the principle of protein-dye bing.

Anayltical Biochemistry72, p.248-254.
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