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Abstract

Activity of mushroom polyphenol oxidase (PPO) toward 6 substrates and inhibitory effect of
cysteine, 2-mercaptoethanol, benzoic acid and sodium metabisulphite were determined. The
o-diphenols which appeared to be the best substrates were: catechin, DOPA (L-3,4-dihydro-
xyphenylalanine) and chlorogenic acid. Affinity of PPO crude preparation substrates to enzyme,
expressed as inverse value of Michaelis constant was lower then affinity of catechol. Inhibitory
effect depended on specifity of inhibitors and their concentration. Electrophoretic patterns of PPO
of mushrooms reveals slow and fast moving 4 isoforms when DOPA was used as 4 substrate,
2 bands for catechin and chlorogenic acid while only one band showed activity toward tyrosine
and p-cresol.

INTRODUCTION

Enzymatic discoloration of fruits, vegetables and mushrooms is catalyzed
primarily by the enzyme polyphenol oxidase (PPO) and is mainly the result of the
oxidation and polymerization of polyphenols. In mushrooms, polyphenol oxidase
exhibits 2 types of activity: hydroxylation of monophenols to o-di-phenols (EC.
1.14.18.1) and oxidation o-diphenols to o-quinones (EC. 1.10.3.1, o-diphenol oxi-
dase) with subsequent polymerization, leading to formation complex brown pigments.
(Dawson,1963; Swan, 1963; Walker, 1975; Lerch, 1981; Robb, 1984).
Many compounds have been reported the inhibition of melanosis through the follow-
ing mechanisms: by inhibiting PPO (Kahn, Andrawis, 1986; Sayavedra-
-Soto, Montgomery, 1986; Allan, Walker, 1988; Dawley, Flurkey,
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1993; Kermasha etal, 1993); by reducing o-quinones to diphenols (Golan -
-Goldhrish etal., 1984; Chen etal, 1991) or Cu*?to Cu*(Hsu etal., 1988);
by interacting with the formation of o-quinone products (Embs, Markakis,
1965; Ferrer etal, 1989) and by decreasing the uptake of O, for the reaction
(Embs, Markakis, 1965).

Sulphur dioxide (SO,) and its derivatives are most powerful and extremely ver-
satile PPO inhibitors; inhibit enzymatic browning as well as nonenzymatic browning
of mushrooms Agaricus bisporus, during storage and processing. However, they have
been classified as a health hazard compounds for asthmatic (Koein g etal, 1983)
and the need for alternatives to these additives thus becomes more imperative.

The present work reports the substrate and inhibitor specifity of mushroom PPO
enzyme.

MATERIAL AND METHODS

Fresh mushrooms Agaricus bisporus (Lange) Sing. strains No. 22, No. 53 and
H-25 were obtained from the local growers. Caffeic acid was recrystallized from
waler before use. Other chemicals were the best commercial grade available and were
used without further purification.

Enzyme preparation and extraction was made by the method described before
forapples (Czapski etal., 1988), using 100 g tissue portion of mushroom caps for
acetone dry powder preparation and 0.1 M phosphate buffer pH 6,1 for enzyme
extraction from powder. Enzyme activity was measured accordingtoHopfinger
et al. (1984) with small modifications. Reaction mixture 2 ml contained 10 mM of
substrate in 0.1 M phosphate buffer pH 6.1 and 0.05-0.2 ml of enzyme solution. In
the experiments with inhibitors, 10 mM of the substrate solution and appropriate vol-
ume of inhibitor solution were mixed immediately before the addition of 0.2 ml of
enzyme solution. Enzyme solution were carried out at 21°C. A Spectromom 195D
spectrophotometr was used for the enzyme assay; wavelength was 400 nm. Readings
were taken at intervals of 15 sec. or 30 sec. for 3 or 5 minutes. Enzyme activity was
calculated as a linear change in optical density per minute per mg protein (A OD -
min.”" - mg"). The enzyme was prepared in triplicate and each preparation was
assayed in duplicate. The multiple enzymes forms of polyphenol oxidase were sepa-
rated in 7.5 % polyacrylamide gel, using disc technique of Orstein and Davies (S a r-
gent, 1969). Samples tor electrophoresis were prepared by the extraction of enzyme
from powders with 0.1 M phosphate buffer pH 6.1. 50 mg of acetone powder was
homogenized with 1 ml cold buffer. The electrode buffer was 0.05 M Tris-0.38 M
glicyne pH 8.3. The preelectrophoresis was conducted using 2 mA current per gel
tube for 0.5 hr. then 4 mA. After the run the gels were removed from the tubes placed
in 10 ml substrate solutions containing 1.5 - 10-* M L-3, 4~ dihydroxyphenylalanine
(DOPA), catechin, tyrosine, chlorogenic acid and p-cresol in 80 % ethyl alcohol. The
gels were stained for PPO isozyme patterns for about 1 hour and were finally stored
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in 30 % ethyl alcohol (Constatinies, Bedford, 1967). Crude preparation of
PPO substrates tfrom mushrooms were obtained accordingto McCord and Kila-
ra (1983).

Total phenolic compounds was determined using Folin-Ciocalteau reagent
(Johnson, Schaal, 1957) and total soluble protein was estimated according to
C zapski(1989) using amido black reagent.

RESULTS

Activities of the PPO toward 6 substrates are shown in Table 1. Caution should
be used in interpreting these data since the extinction coefficients of the products of
oxidation are probably different at 400 nm. However some general statement about
the substrate specifity of mushroom PPO may be made. The o-diphenols which ap-
peared to be the best substrates were: catechin, DOPA and chlorogenic acid. L-ty-
rosine was oxidized at a very slow rate by mushroom PPO extract. Tyrosine was used
as a preferential substrate for tyrosinase activity (Mayer, Harel, 1991), however
slow oxidation of DOPA but not of p-cresol by laccase was possible (Dawley,
Flurkey, 1993). There were some minor differences in PPO activity between two
strains No. 22 and No. 53 (Tab. 1).

Table |

Substrate specifity of polyphenol oxidase (PPO) of two strains of mushrooms

PPO activity (units*)
Substrate -
Strain No. 22 Strain No. 53
Catechin 16.80 19.04
L-3.4-dihydroxyphenylalanine (DOPA) 5.79 7.37
Chlorogenic acid 3.99 3.33
Caffeic acid 2.28 2.44
L-Tyrosine 0.77 0.79
p-Cresol 1.01 0.89

“one unit of PPO activity is defined as an increase in absorbance of 0.01 min™' per I mg protein

The enzyme preparation was assayed over a range of concentration of crude
preparation of PPO substrates. Total phenolic compounds of PPO substrates was
determined using catechol as a standard and calculated and expressed in catechol
concentrations. The results were plotted by the method of Linewaver-Burk double
reciprocal plot (Fig. 1). Michealis constant K and maximum velocity (V) were de-
termined. For comparison, catechol was also used as a substrate and the results plot-
ted (Fig. 1). Calculated from figure 1 the K value for crude preparation of PPO
substrates 1s higher than for catechol being, 2 mM and 1.25 mM respectively. It means
that affinity PPO crude preparation substrates to enzyme, expressed as inverse value
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of K_ is lower then affinity of catechol, being 0.5 and 0.8 (mM)! respectively. Crude
preparation of PPO substrates contained probably not only various substrates but also
inhibitors. Calculated from figure 1 maximum enzyme velocity value for crude prepa-
ration of PPO substrates is equiponderant 5 pmoles of catechol per minute per 1 mg
protein and it is about 66 % lower then for catechol used as a substrate.
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Fig. 1. Lineweaver — Burk double reciprocal plots for crude preparation of mushroom polyphenol oxidase
substrates and catechol as a standard

A number of different substrates have been observed as PPO inhibitors and data
about the variation of their inhibitory effect toward various substrates are presented
in Table 1 and Figure 2. Completely inhibition of PPO activity by cysteine and
2-mercaptoethanol was observed at 1 mM concentration for these tested substrates.
Partial inhibition of catechol, DOPA, chlorogenic acid and caffeic acid oxidation was
observed at cysteine concentration 0.1 mM, while much less inhibition was apparent
at 0.01 mM concentration. Substrate specifity and inhibitor concentration had various
effect when 2-mercaptoethanol was tested. At 0.1 mM concentration, 2-mercapto-
ethanol strongly inhibits of PPO activity towards the catechin (88.1 %) and DOPA
(100 %) while for chlorogenic and caffeic acids slight stimulation of activity was
observed (Tab. 2). Also slight stimulation of activity was observed for 0.01 mM
2-mercaptoethanol for all except catechin substrates.

Benzoic acid was shown to inhibit mushroom PPO activity (Tab. 2). The per-
centage of inhibition gradually decreased with decreasing concentration of benzoic
acid. More than 60 % inhibition was observed, when 1 mM benzoic acid was used
and only 8-30 % activities were inhibited for 0.01 mM. Benzoic acid was also shown
to have more profound inhibitory effect on the oxidation of DOPA by PPO than for
catechin, chiorogenic acid and caffeic acid. PPO enzyme derived from strains No. 22
and No. 53 did not differ so much in response toward tested inhibitors. As shown in
Figure 2 sodium metabisulphite strongly inhibited the PPO activity and the level of
inactivation depends on the concentration of metabisulphite present in the reaction
mixture. Concentration above 2 mM of sodium metabisulphite was necessary to com-
pletely inactivate the enzyme.
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Fig. 2. Bffect of sodium metabisulphite on mushroom polyphenol oxidase activity
toward catechol as a substrate

Table 2

Eftect of inhibitors on mashroom polyphenol oxidase (PPO) relative activity (%)*
toward various substrates

[nhibitor Catechin DOPA Chlorogenic acid Caffeic acid
concentrations
(mM) No.22 | No.53 | No.22 | No.53 | No.22 | No.53 | No.22 | No.53
Cysteine HC '
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 434 51.6 49.1 47.9 38.4 45.6 50.4 282
0.01 100.0 90.4 92.3 89.0 79.9 78.6 88.8 76.4
2-Mercapto-
ethanol
10 00 - 0.0 0.0 00 0.0 00 0.0
0.1 11.9 - 0.0 0.0 103.8 102.6 128.1 122.0
0.01 76.2 - 1102 115.0 117.4 138.4 1325 100.0
Benzoic acid
1.0 333 32.9 22.6 24.7 32.5 44.1 39.5 33.9
0.1 60.2 68.4 60.0 56.1 57.7 75.8 58.1 515
0.01 79.3 86.1 72.0 68.5 78.4 924 79.4 86.4

*Relative PPO activity without inhibitors was assumed as 100 %
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The PPO from mushrooms has been shown to contain numerous isoenzymes
with various substrates (Fig. 3). Characteristic slow- and fast-moving 4 isoforms was
present when DOPA was used as a substrate. Electrophoretic patterns of PPO of
mushrooms reveals 2 bands when catechin and chlorogenic acid were used as substra-
tes, while only one band showed tyrosine and p-cresol activity as shown on Figure 3.
One most active towards DOPA isoenzyme (relative mobility Rm of 0.5) oxidized all
the substrates, appears to be capable of oxidizing both monophenols (p-cresol) and
diphenols.
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Fig. 3. Electrophoretic patterns of mushroom polyphenol oxidase toward variuos substrates

DISCUSSION

Two types of phenol oxidase have been isolated from plant sources. One type
(tyrosinase, phenolase, polyphenol oxidase, catechol oxidase) oxidized o-diphenols
to their corresponding giunones in the presence of molecular oxygen. The second
type (p-diphenol oxidase, laccase) oxidizes p-diphenols to their corresponding quino-
nes. This classification is still rather confusing though the enzymes that catalyse these
reactions have ditferent properties, physical characteristics and substrate preferences
(Mayer, Harel, 1991). In general, 4-methylcatechol and DOPA have been uscd
as selective substrates for polyphenol oxidase while for laccase most often included
the use of p-quinol syringaldazine (D awley, Flurkey, 1993). In fact, when
mixture of the two types of enzyme are present, it can be very ditticult to measure the
enzyme activity associated with a specitic enzyme or to differentiate between the two
types ot diphenol oxidase.

Several thiol containing compounds and aromatic carboxylic acids have been
investigated as inhibitors for the enzymatic browning (Kermasha etal., 1993 a).
The results presented by Kermasha etal (1993 b) indicate clearly that the type
and degree of inhibition of mushroom PPO activity by cysteine and aromatic acids
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are dependent on the method used. Since in our investigations the spectrophotometric
method was used for the determination of the absorbance of end products, the forma-
tion of these adducts may explain the high observed inhibitory effect of cysteine on
PPO activity. The inhibitory effect of cysteine monitored by the polarographic method
(Kermasha etal., 1993 a) suggests a direct inhibition of the enzyme activity and
that cysteine is a noncompetitive inhibitor of the mixed type.

Information in the mode of action of sulphite has been relatively limited. Evi-
dence of the mechanisms of inhibition of enzymatic browning by sulphite such as
formation of quinone-sulphite complexes and the inactivation of PPO has been found
(Embs, Markakis, 1965, Hais man, 1974). Other evidence presented by
Sayavedra-Soto and Montgomery (1986) suggests that the major mode
of direct irreversible of PPO was modification of the protein structure, with retention
of its molecular unity.
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Specyficznos¢ substratowa i inhibitory oksydazy polifenolowej
w aspekcie ciemnienia §wiezych i mrozonych pieczarek
(Agraricus bisporus (Lange) Sing.)

Streszczenie

Badano aktywnos¢ oksydazy polifenolowej pieczarek wobec 6 substratow oraz hamowanie aktywnosci
enzymu przez cysteing, 2-merkaptoetanol, kwas benzoesowy i polisiarczyn sodu.

Najbardziej efektywnymi substratami byly: katechina, DOPA (L-3,4-dihydroksyfenyloalanina) i kwas
chlorogenowy. Powinowactwo enzymu do endogennych substratéw wyrazone odwrotnoscia statej Michaelisa
(K,,) bylo nizsze niz powinowactwo do katecholu. Efekt hamowania aktywnosci zalezal od specyfiki i stezenia
inhibitora w roztworze. Elektroforetyczne rozdzielenie izozyméw oksydazy polifenolowej wykazalo obecnosc
4 izozyméw wobec DOPA, dwéch wobec katechiny 1 kwasu chlorogenowego oraz jednego wobec L-tyrozyny
1 p-krezolu.
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