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Tea leaf poly phenol oxidase ( 0-diphenol: 
0 2 oxidoreductase. 1.10.3.1) plays an impor
tant role in black tea fermentation. Anent 
this enzyme many inves tigations had been 
conducted in Ceylon, India, England, U.S.S.R. 
and Japan. Recently, this enzyme, known as 
a water-insoluble enzyme, was solubilized into 
water-soluble form and many ne,v information 
about the enzymological properties of the solu
bilized enzyme has been reported by three 
groups in Japan, 1

-
0 > Ceylonn and England.8 > 

Following are some results of the investiga
tion concerning tea leaf polyphenol oxidase re
ported by the author: 

Solubilization of tea leaf polyphenol 
oxidase 

As shown in Table 1, the solubilizing effect 
of some surface-active agents on the poly
phenol oxidase was investigated. By the 
addition of Tween-80 (non -ionic surface 
active agent) to the homogenate in a final con
centration of 5%, about 80% of the enzyme 
activity in tea leaf homogenate appeared in 
the supernatant. On addition of other agents, 
however, the enzyme activity nearly remained 
in the sediment after centrifugation. In case 
of the acetone powder suspens ion, the enzyme 

Table 1. Effect of surface-active agents on solubilization 

Ratios of activities after treatment 
Samples Agents Activities of the to those of the original samples 

original samples 

I Total Supernatant 

1V % 0 2µ!/ lOmin.fg of 106% 20% 

2 
fresh weight 

105 35 
Tween 80 

4 105 63 

5 810 122 I 81 
Lear homogenate 

Span-80 lV .% 100 3 

Cholate 0. 2W/t 100 2 

Duponol 2\V 9£ 105 18 

Digitonin lWj~ 100 4 

Acetone powder 

I 
Tween-80 2V /t 

J 
976 I 101 

I 
7 s uspension 
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could not be solu bilized by the addition of 
Tween-80. 

Purification of the solubilized enzyme 

The solubi lized ehzyme was purified and 
fractionated to three components by the pro
cedure shown in F ig. 1. 

Solubilized protein from tea leaves 
! 

Gel-filtration by Sephadex G-25 
! 

F ractionation with (NH4) 2 S01 
(0.3-0.9 (NH1)z SO., saturation-ppt. 
fraction) 

! 
DEAE cellulose column chi-omatography 
at pH 7.0. 

! 
CM cellulose column chromatography 
at pH 5.0. 

! 
CM cellulose column rechromatography 
at pH 5.0. 

I 
Polyphenol Oxidase 

I 

! ! 
A-I A-II B 

Fig. 1. Purification procedure of the solubilized 
enzyme. 
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After DEAE cellulose column chromato
graphy, there appeared two components of 
polyphenol oxidase (A and B). The activity of 
A was about ten t imes as much as that of B. 

Component A applied to a CM cellulose 
column was absorbed on the top of the column 
and formed a blue colored band. It was divid
ed into two components, A-I and A-II (Fig. 2) . 
Component B was also separated into two 
components. Main component of polyphenol 
oxidase in B was eluted at an early stage of 
elution, and a small component was eluted at 
a later stage at which A was eluted (Fig. 2). 

A-I and A-II were individually subjected to 
rechromatography using CM cellulose column. 
Under this procedure, both A-I and A-II were 
almost purified, and new blue colored protein, 
not containing the enzyme activity, was sepa
rnted from A-II. 

Specific activities of A-I and A-II were in
creased respectively about 200 and 140 times 
as much as that of tea leaves homogenate. 

Properties of the purified enzyme 

St(i1·ch Gel Elect1·ophoresis : The starch gel 
electrophoresis of three components A-I, A-II 
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Fig. 2. CM-cellulose column chromatograms of componenb; A and n. 
Column. 2.8 x 18 cm (A) , 1 X 15 cm (B ). 
Sta1·ting buffer: 0.02 M Na2HP0d-0.0l M: citric acid (pH 5.0) . 
Lim iting buffer: aboYe buffer containing I l\•JNaCl. 
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Fig. 3. Sta1·ch-gel electrophoregrams of solublized volyphcnol oxidase. 
( + ), ( - )': Anode and cathode. 
the ordinate: migration in cm. 
Voltage of electrophoresis: 4 V ver cm. 
Pe1·iod of migration: 24 hrs. at pH 8.1. 
Period of migration: 16 hrs. at vH 5.0. 

and B are shown in Fig. 3. A-I and A-II 
migrated from anode to cathode on starch gel 
at pH 5.0, and both components were separated 
distinctly. Component B migrated from 
cathode to anode at pH 5.0, and was separated 
from A-I and A-II, which we1·e present as 
contaminants. Each component migrated 
slightly at pH 8.1. 

The tesults of starch gel electrophoresis 
and CM cellulose chromatography indicated 
t hat A-I and A-II .,,·ere basic protein , but B 
was neutral protein. 

Seclim.enta.tfon Amtly.~is of A-I and A-JI: 
Two components were ultracent rifug ican~, 
l10mogenous and the sedimentation constants 
of A-I and A-11 were 4.0 S and 4.5 S, r espec
tively. 

Coppm· Contents in A -I , A-II and Blue 
Protein: Copper content in A-I, A-II and blue 
protein was deter mined by neutron activation 
analysis using JRR-1 reactor at Tokai-mura . 
After neutron irradiation, g:~mma-r~\y energy 

of "'Cu in s amples was directly measured by 
256-channel gamma-ray scintillation spectro
meter without the chemical separation. 

Cu contents in A-1, A-II and blue protein 
were 0.27, 0.25 and 0.25 %, respectively. From 
this result, it was show11 that t he blue protein 
in tea leaf was Cu-containing protein, but it 
did not contain the activity of polyphenol 
oxidase. 

Absorption Spectrn of A-I, A-II and Blue 
Protein: Each component showed t he very 
intense and sharp protein band with a maxi
mum a t 278 m,.l and a shoulder at 290 m,u. 

A-1, A-II and blue pl'otein showed green, 
yellow-g1·een and blue colors, res pectively, and 
the t hree components had a s houlder at near 
406 m,u and a peak of the absorption at near 
605 m1.t in the visible range: 

Optim.mn pH of A-I and A-II : Polyphenol 
oxidase activity was measured by a polaro
graphic equipment at 30°C us ing oxygen elec
trode. Two components had maximum activi-
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Fig. 4. Effect of substrate concentration on the enzyme activity. 
Continuous line and dotted line: ( + )-catechin and (- )-epigallocatechin-gallate. 
Reaction mixtt11·e : 0.1 ml of the enzyme preparation +2.8 ml of substrate 
solution +0.8 ml of 0.21\II Na-phosphate and 0.11\II citric acid buffer (pH 5.0 
in the case of A-I. pH 4.6 in the case of A-II). 

ties at pH 5.1 and 4.6, respectively. 
Effects of Siibstrate Concentration : The 

reaction velocity of each component for ( + )
catechin and ( -)-epigallocatechin-gallate obey
ed the iVIichae]js-iVIenten law in the substrate 
concentration less than 5.5 X 10-·1 M and 1.6 x 
10-·• iVI, respectively, whereas it did not obey 
over the above concentration ( cf. Fjg, 4) . 
Therefore, it was shown that t he reaction 
velocity of each component was inhibited by 
a high substrate concentration. 

Km values of A-I and A-II for ( + ) -catechin, 
obtained from the Lineaweaver and Burk plot, 
were 4.5 x 10-3 lVI and 3.9 X 10-3 1VI, and that 
for (-)-epigallocatechnin-gallate were 1.7 X 
10-a iVI and 4.4 x 10-3 iVI, respectively. 

The ratio of the maximum velocity of A-I 
and A-II for (+ )-catechin to that for (- )-epi
gallocatechin-gallate were 1.3 and 0.95, respec
tively. A-I was found to oxidize 0 -diphenol 
rather well, whereas, A-II oxidized well both 
vici nal-triphenol and 0-diphenol. 

EjJ'ect of T em,pernture: The enzyme activi-
ty increased at temperatures ranging from 20 
to 35•c and began to drop at 40°C. 

The activation energy of the reaction veloci
ty, determined by Arrhenius equation, was 
found to be 5.0 Kcal per 1 1Vl on A-I and 3.5 
Kcal per 11\11 on A-II in the range of 20 to 35•c. 
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