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Abstract — Polyphenol oxidase (PPO) was purified from an extract of Ginkgo biloba leaves
by ammonium sulfate fractionation followed by sephadex G-150 column chromatography,
which resulted in a 18-fold increase in specific activity. The enzyme was most active at pH 8.5
and the temperature optimum for the PPO catechol oxidation reaction was 45°C. Heat inacti-
vation studies showed that heating for 7, 9 and 48 min. at 80,70 and 60°C respectively caused
a 50% loss in enzymatic activity and that the enzyme was completely inactivated after heat
treatment at 90°C for 60 min. Km values of the PPO for catechol, hydroquinone and 4-methyl-
catechol derived from Lineweaver-Burk plots were 6.06 x 10*M, 1.02 x 10°M, 1.41 x 10°M
respectively. Of the substrates tested, 4-methylcatechol was oxidized most readily and the
enzyme did not oxidize monophenols. The enzyme catalyzed browning reaction was com-
pletely inhibited in the presence of reducing reagents, namely ascorbic acid, cysteine, glu-
tathione, 2-mercaptoethanol, potassium metabisulfite at 0.5 mM level. Sodium chloride
showed very little inhibition effect on Ginkgo biloba leaves PPO. Lineweaver-Burk analysis of
inhibition data revealed that the inhibition by cysteine, 2-mercaptoethanol, potassium cyanide
was competitive with ki values of 1.1 x 10°M, 2.4 x 10°M, 8 x 10°M, respectively. Among the
divalent cations, Cu’"ion was a strong activator on PPO and Mn**"ion was little or no effect on
PPO activity. Ni’ "ion was an inhibitor on PPO.

Key words — Catecholase activity; polyphenol oxidase; Ginkgo biloba; Ginkgoaceae.
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Table 1. Fractionation of Ginkgo biloba leaves polyphenol oxidase by solid ammonium sulfate
(NH,),SO, concentration

Enzyme activity (Units*/m!) Protein content (mg/ml) Specific activity (Units™/mg)

(%saturation)
30 92.0 146.4 0.6
60 114.0 18.0 6.3
90 100.0 3.6 27.8

* One unit of enzyme activity is defined as the amount of enzyme that cause a 0.001 extinction change in abso-
rbance per min. at 420 nm.

Table II. Purification of Ginkgo biloba leaves polyphenol oxidase

Enzyme** activity Protein content Specific activity

Purification procedure (Units/m) (mg/ml) (Units/mg) Purification (fold)
Crude*** extract 40.8 14.2 2.9 1
(NH),SO0, fractionation
X . 8 9.6
(60-90%) 100.0 36 27
Sephadex G-150 7.4 0.14 52.9 18.2

** Enzyme activity at pH 8.5 using 10 mM catechol as a substrate (0.001 change in absorbance at 420 nm/
min.=1 unit activity)

*#* The crude extract was prepared by homogenizing Ginkgo biloba leaves with 50 mM pot. phosphate buffer
(pH 8.0) containing inhibitors. Enzymatic activity of the crude extract was assayed after dialysis against 50
mM pot. phosphate buffer, pH 8.0
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Table I11. Substrate specificity of Ginkgo biloba leaves
enzyme

Substrates(1 mM) Relative activity(%)
Monophenols

Tyrosine 0
1-Naphthol 0
p-Coumaric acid 0
m-Cresol 0
Cinnamic acid 0
o-Diphenols

4-methylcatechol 100.0
Hydrocaffeic acid 96.9
3,4-Dihydroxyphenylacetic acid 30.5
Catechol 19.0
(+)-Catechin 115
Caffeic acid 11.1
Protocatechuic acid 3.5
Protocatechualdehyde 0
Chlorogenic acid 0
L-Dopa 0
m-Diphenol

Resorcinol 0
p-Diphenols

Hydroquinone 31.9
p-Phenylenediamine 21.7
Polyphenols

Gallic acid 25.7
Quinic acid 0
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3L o371z AAE 718S o, Table IV, Vol
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Ho] u|-$- oksled 4-methylcatechols 712 E A8}
g AL, 05MAME 15%0131e] AE VeI
™, chloride ion pH 91&4¢°] Rvd u} Jrh?
o-Nitrophenol#} 4-nitrocatechol X5 phenolic
compound?!tl), Zzl= Asfzgo] 7etA vepd vt
Hef) 2= 281 PPO sl AsiAlEA B 2
Al 2H8&-8HA Zrt
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Table IV. Effect of various inhibitors on Ginkgo biloba leaves enzyme activity

Inhibitor -4-methylcatechol as substrate (1 mM)- % inhibition at
0sM 0.1M  0.01IM 1mM 0.5mM 0.06mM  0.005mM

Reducing agents;
Ascorbic acid - - - - 100 24 0
Cysteine - - - - 100 40 8
Glutathione - - - - 100 36 2
2-Mercaptoethanol - - - - 100 30 0
Potassium metabisulfite - - - - 100 21 0
Metal chelators;
Sodium diethyldithiocarbamate - - - 100 97 23 6
EDTA - - 64 16 3 0 -
Potassium cyanide - 100 95 38 17 9 0
Thiourea - 100 68 18 10 2 0
Sodium azide 100 79 17 14 13 11 4
Phenolic compound;
o-Nitrophenol - - - 100 33 8 0
Miscellaneous compounds;
Polyvinylpyrrolidone - - - 50 21 9 0
Sodium chloride 14 13 3 6 5 5 6
Inhibitor 1 mM 0.5 mM 0.05mM 0.01mM 0.005mM 0.001l mM
4-Nitrocatechol - - 14 6 4 1

Table V. Effect of various inhibitors on Ginko biloba leaves enzyme adivity

Inhibitor -Hydrocaffeic acid as substrate(ImM)- % inhibition at
05M  0.IM  0.01IM ImM 05mM 0.05mM 0.006mM

Reducing agents;
Ascorbic acid - - - - 100 39 0
Cysteine - - - - 100 74 4
Glutathione - - - - 100 57 6
2-Mercaptoethanol - - - - 100 69 8
Potassium metabisulfite - - - - 100 32 2
Metal chelators;
Sodium diethyldithiocarbamate - - - - 100 41 0
EDTA - - 72 24 17 12 2
Potassium cyanide - 95 73 49 39 8 0
Thiourea - 100 72 30 28 4 0
Sodium azide 100 87 34 18 11 6 0
Phenolic compound;
o-Nitrophenol - - - 100 50 4 0
Miscellaneous compounds;
Polyvinylpyrrolidone - - - 58 43 10 0
Sodium chloride 39 28 12 8 9 5 2
Inhibitor 1mM 05mM  005mM 001lmM 0.005mM 0.001 mM
4-Nitrocatechol - - 17 12 8 6

Enzyme extract was pre-incubated with different concentration of inhibitors in 50 mM tris-HCl buffer, pH 8.5 for 2
min. at 45°C. Reaction was started by addition of the substrate and the enzyme activity was determined at 420 nm
after the reaction for 30 min. at 45°C . The activities were expressed relative to the control(no inhibitor added)

A Kigke 22t cysteine 1.1x10°M, 2-mercap- 3+ o-diphenolase”} 2-mercaptoethanol, L-cysteine,
toethanol 2.4x10°M 22]Z pot. cyanide 8x10°M  pot. cyanidee] &Jal A= A5 wh= Az 7o,
ol2it}. o213t A= white yam tuber® 38 2]  sodium azidet uncompetitive inhibitor24 =}-8-5F
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Table VI. Effect of divalent cations on Ginkgo biloba
leaves PPO activity

Relative Ratio(%) at
Metals 0.005mM 0.1mM 0.25mM 1mM 2 mM

None 100 100 100 100 100
Cu*? 184 200 205 259 @ -
Co*? 141 140 127 98 79
Zn*? 131 105 100 8 65
Mg™ 108 101 99 92 77
Mn*? 9 100 101 - -

Nit2 88 77 66 37 34
Activity was determined at 420 nm after reaction for

30 min. at 45°C and pH 8.5 with 4-methylcatechol(1 m
M) as a substrate.

ARz Aesiden 747kl Ki value= 1.1x
10°M, 2.4x10°M, 8x 10°Moj3ith. 271 dol& F
Cu**ione 23QPPOS thsll 73k activator® 2t
431993, Co**, Zn*", Mg*tione AELoMe &
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