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Polyphenol Oxidase of Tea Leaf in Korea
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College of Pharmacy, Sookmyung Women's University, Seoul 140, Korea

Abstract—Polyphenol oxidase was purified from an extract of tea leaf by ammonium sulfate

fractionation followed by Sephadex G-150 column chromatography,

which resulted in a 67-fold

increase in specific activity. The enzyme had optimum pH 6.5 and was relatively heat stable. The
substrate specificity of the tea leaf PPO showed high affinity toward pyrogallol and catechol.
Potassium cyanide, sodium diethyldithiocarbamate, L-cysteine, 2-mercaptoethanol and ascorbic acid

were potent inhibitors,
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M| 2F—Potassium phosphate monobasic, pota-
ssium phosphate dibasic, sodium chloride., ascor-
bic acid, ammonium sulfate, tyrosine, m-cresol.
p-cresol, thiourea, potassium cyanide, ethylenedi
amine tetraacetic acid, glutathione(reduced form)
(Wako pure chemical industries, LTD#A| %),
sodium diethyldithiocarbamate, Tween-80 (Kantc
Chemical Co. A %), chlorogenic acid, pyrocate
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chol, caffeic acid, d-catechin, protocatechuic acid
(Tokyo kasei chemical industries, LTD #] %),
2-miercaptoethanol, gallic acid, saccharose (Junsei
chemical Co., LTD 4] %), L-cysteine (E. Merck
AG. Darmstadt #]%), Sephadex G-150 (Bead
size 40-120y¢) (Pharmacia Fine Chemicals Co.
A &) Dialysis “sacks” (750-9y, 750-74) (Sigma
AE) 59 AL EF(Guaranted reagent) &
A3t

717]—pH meter (Orion research digital pH
millivolt meter 611), centrifuge (Sorvall, RC
2-B), double-beam spectrophotometer (Hitachi
model 200-20).
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‘ Material

Fomogenation with 0.05M phosphate buffer
(pH 5.5) containing 0,35M sodium chloride
and 0.5%7 ascorbic acid,5% tween-80 in a
wWaring blender for 1 min.

Refri-centrifuszed at 6,000rpm., 30 min.

Supernatant

Concentration

i

Dialysis
Added cold acetone

Filtration

Precipitate

Dissolved in phosphate buffe: (pH 6.0)

l

50% saturated with (NH4)§04

Refri-centrifuged at 15,000rpm., 30 min.

l Supernatant

807 saturated wivh (NH‘kﬂ%

Refri-centrifuged at 15,000rpm,, 30 min.

l Precipitate

Dissolved in phosphate buffer (pH 6.0)

il

Dialvsis
Concentration

Gel-filtration with Sephadex G-150

l Purified enzyme ]

Scheme 1—Preparation of tea leaf polyphenol
oxidase.
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g otH M —polyphenol oxidased] o ¢tA A AN 2 crude extracto] ujadle] n] Aol 14wir}
+ AES Astd 2E~60RAA ] A S Z7hst g et
a7z L2 50~80°CE W3 A A 7}niA (NH,),80,2| 28 51—cqlol4 9 PPOE
pyrocatechol (10"'™M) & 7]d = 3}e] pHe. 5% AA w7 e oA (NH),S0.2 FI A AA
40°Col A 35 F 2As AT T 243} d& AL Table Iof vrebfoiet
oo}, 50~90% 232 AL 2 #Ho xS v F
J|E 0| i3t 0|4 —Polyphenol oxidases] & Aol 2+ 732, 963.6, 808.5, 806. 8 529. 7]
014 A $ste sA=A  mono, di, geormz 50% 23 A& AAL F 80%7HA
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ALgstg et ol 7 A9 107'™M
3te] A4RAH L A9
XM M2 Hat—Polyphenol oxidases] &4
= oge S gekd ANAm
cysteine (1072, 1073, 1074, 2x107%, 1079, gluta-
thione (1072, 1073, 5x 1074, 2% 1074,
acid (1072, 1073, 107%, 5x1075, 2x107%), so
dium diethyldithiocarbamate (1072, 1073, 5x 107,
2X107%, 107%), potassium cyanide(107%, 1074,
107%), 2-mercaptoethanol (1072 1073, 107¢,
107%), thiourea(1072, 107%), ethylenediaminete-
tracetic acid(107!, 1072)& Al&3lg =, ol v
2 pyrocatechol (107'M) 0. 5mlE Alg-3le] %
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Table I—Fractionation of polyphenol oxidase by solid
ammonium sulfate.

Proteln 7Sp(;ciiﬁc
content activity
(mg/ml) (Units/mg)

(NH4)2SO4
concentration
(% saturatlon)

PPO activity
(Units* / ml)

50 83.5 0.114 732

60 177.3 0.184 963. 6*
70 190 0.235 308. 5*
80 188.8 0.234 806. 8*
90 183.8 0.347 529.7

The polyphenol oxidase activities of precipitate
were determined with catechol as substrate at pH6. 5
and 40°C.

* One unit of PPO activity is defined as the

amount of enzyme that cause a 0. 001 extinction
change in absorbance per min. at 420nm.
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Fig. 1—Sephadex G-150 column chromatography.

Column size; 2.1x85cm, flow rate; 5.5ml/hr.
protein peak at 280nm, e

tube number 93~960] A EALFA o] & Aoz
vrelyte}, Sephadex G-1500] A 11_—333]"’“1 R
Eade oilg 3k 0.05mg/mle|gler 2
uj A o] 17200]¢l o= 2, crude extracte] ]3|

A vl gAge] 67d] FAE Az (NH).SO2 &
FAAAN g& Zado] vsAe 2.58 8 v &
A48 Z71% n»gch(Table II). Uritani 52
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Table 11— Purlﬁcatlon of tea leaf polyphenol oxidase.

Purification procedure

Crude extract**

Treated with tween-80, cold acetone
(NH,),S0, fractionation(50~80% )
Sephadex G-150.

PPO act1v1ty
(Units*/mD)

104.5

253.5

256
86

protintmg/m) *¥infme) "ol
4.08 25. 6 1
0.70 362 14
0.37 692 27
0.05 1,720 67

* One unit of PPO actlvxty is defined as the amount of enzyme that cause a 0.001 extinction change

in absorbance per min. at 420nm.

** The crude extract was prepared by homogenizing Tea leaf with phosphate buffer (pHS6.5).
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Fig. 2—Effect of temperature on enzyme activity.
The PPO activity as a function of temper-
ature was determined with 6x107M catechol
as the substrate in phosphate buffer at pH6.5
at various temperatures from 20~55°C.

100

3 8

RELATIVE ACTIVITY(%)
5
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I
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Fig. 3—Effect of pH on enzyme activity.
The PPO activity as a function of pH was
determined with 6x107'M catechol as the
substrate in 0.05M phosphate buffers ranging
from pH5. 0~8. 0 at optium temperature 40°C.

Fig. 4—Thermostability of tea leaf polyphenol oxi-
dase.
Enzyme solutions were heated at various tem-
perature (50~80°C) for 2-60 min. After
heating, the remaining enzyme activities were
determined with catechol as substrate at

pH6.5 and 40°C.
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Table II—Substrate specificity of tea leaf polyphenol oxidase

Substrate (10™'M) Formula Relative activity (%)
Iy
Pyrogallol [P\;‘M 100
‘_/J\ou
OH
Pyvrocatechol i 85.6
N
“”‘j\"‘c”z‘“"("a
Epinephrine Q 29.5
on K\ on
d-Catechin wo._~_o L. 10.8
YN
" \i/\/\“
/V\' ©OH
p-Phenylendiamine 7.2

Gallic acid

Do pa re —<:)/5 -cnzfncozu

/ NHy

Chlorgenic acid
Caffeic acid l

Protocatechuic acid

Tyrosine NG—O-%““C‘"’“
— NHy
m~-Cresol
OH
n-Cresol /‘ﬁ
‘

7

oty

- 0
COOH
O
im oH
0
CNJ
0

The PPO activity as a function of substrate was determined at 420nm.

chlorogenic acid, caffeic acid, protocatechuic acid
of el s e #48 ey,
ophenol %A 9l ytrosine, m-cresol, p-cresol =
o = FA4E vebiA FUsk A9 Ay As
EF S%d 2 ANF G5 9= PPO:=
diphenolic acid 3.t} pyrogallol, pyrocatechol 7+
© diphenol EAo] disle] & 3P L Ho
3, monophenol EA4o]= M3t AL Ye

=3 mon-
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ana!® % Niagara grape, Ravat 5116 o4 o
© PPOE F5H o2 o-diphenol 3} o) o3}

of ¥& AFHHE vepdoh oleld d4e =
AEAFA =z 549 2A34go] & polyphenol
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Table IV—Effect of various inhititors on tea leaf
polyphenol oxidase,

Concen- Catechol as Pyrggallol
Inhibitor ) (sll(l)bsiﬁate % sub?trate

tration mhlbmon) frh%b?t/fon/)

L-Cysteince 1072 100 100
1073 100 92.7

10 100 0

2x107° 93.6 —

1075 14.1 —
Glutathione 1072 100 90.8
1073 100 15.5

5x1074 100 0

2x107* 2.3 —

Ascorbic acid 1072 100 100
1073 100 88.8

5x1075 12.4 0

2x107% 0 —

Sodium diethyldi- 1072 100 100
thiocarbamate 1072 100 6.8
5x107* 98.7 6.0
2x107¢ 57.7 5.7
107 3 4.9
Potassium cyanide 1073 100 94.2

107 94 84
1078 44 48.1

2-Mercaptoethanol 1072 100 100
1073 100 29.1
1074 41.9 3.4

107° 19.8 0
Thiourea 1072 71.5 20.4
1073 20. 8 6.3
Ethylenediamine 107t 53 61.6
tetraacetic acid 1072 17.1 29.6

Reaciibon mixture: 0,‘,~27m,17),f, fhe e;l;;z;grprepaimt'b;
0.5ml of substrate solution, 1.8ml of 0.05M
phosphate buffer, 0.5ml of inhibitors.

Sedol A AL

diethyldithiocarbamate, L-cysteine, 2-mercapto-

PPO-= potassium cyanide, sodium

ethanol, ascorbic acid,glutathion, thiourea Soj
d9 e AAE B Ao oy 9
o AdfAEE FE 4EANA 2.2 PPOo o
sty A2 gk Ad A8-& epdch =k o

A 452 catechold 1A 2 AR 4wl
pyrogallol g 7] A2 AbEah gl & wlueh 24 A
3 &85 el on], D. bulbifera] PPOS 7
$o% 2e Ao A Qoh

2]} chelating agentel EDTAL <kl A&
Z442 ety =], egg plant,”® peach,’® D.
bulbiferal”? ¢] PPOZ. A|#} & t}d <] PPOs} 7o)
wae] 84 Aol WHE GFe T3 g
o}, =g EDTA2Y ukg¢ E3E9 pHE PPO
<] %S_f,f_ 220l Cut?el EDTAY 23&Hd o
Aot skl et L-cysteine®] 7-9-of
= cystemeO] quinonez} E-3A| S 3 A 322 A
A A FAA B2 Q3 ZHE F&AIZ
sodium diethyldithio carbamate= metal-com
plexing agente] 32, PPOZ] copper prostetic group
3 g,

Table Vel 4 ¢} zto] ascorbic acid®] 73} A3
Ag40 2 tje PPOY 3434 0] vyertal =
Aoz wob thgl PPOo] EAF7 4% 4+3h4
3.4-9] ascorbate oxidaser} ¥ A ¥ o] /ﬂ de
d PPOo = EAstA] gede A& 44 dA
onf 519 AYAHEL 2w 2 AAE
v} ol A] & copper proteing]l PPO7} A3tz
e Ae ¢+ ek

E=! =

Z41v}91-e Tween-80, cold olA] &0 7 A
s, (NHY),S0,& ¥3, Sephadex G-150 A of
7 s oR AAGd AL Fa 7 ulEH o)
crude extracte]] w)&] 67vh v} Z-r}x 9l e},

v}l %9 polyphenol oxidase= = pHe, 5,

Table V—Assay for ascorbate oxidase.

Concentrations Activity( %)

Substrates

Pyrocatechol 107'M 14.8
-+ Ascorbic acid +10™*M

Pyrogallol 107M 98.1
+ Ascorbic acid +10™*M

Ascorbic acid 10™*M 0

J. Pharm. Soc. Korea
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A% 40°Col v}, o] Atz pyrogallol
catecholol] = 3] 4] 52 A 2pA & vlrhul a2 mo-
nophenol 4ol = Azt A sl

Potassium cyanide, sodium diethyldithiocarba-
mate, L-cysteine, 2-mercaptoethanol, ascorbic acid
%% polyphenol oxidasee] 34 & 7} stA] A &
39 ot

Ao
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