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Abstract-Catechol oxldase extracted from tea leaves was purdied over 200-fold, usmg lsoelectrlc focusmg 
The purified catechol oxldase was free of peroxldase and flavanol gallate esterase activities Further, this 
enzyme was shown to have optimum activity near pH 5 7 and a K, of 2 3 x lOA M (at 25”) for (-)-epl- 
gallocatechm gallate The purified enzyme was found to be capable of eplmerlzmg tea flavanols at their C-2 
position whether oxidation of the flavanol occurs (aerobic conditions) or not (anaerobic conditions) When 
oxygen 1s present, galhc acid IS formed as a result of oxldatlon of either (-)-eplgallocatechm gallate or 
(-)epicatechm gallate Formation of galhc acid 1s a side reaction of the oxidation of the flavanol gallates 
and IS named oxidatlve degallatlon, no esterase per se IS mvolved m this reaction 

INTRODUCTION 

THE ENZYMES endogenous to tea leaf tlssues’-3 are instrumental m brmgmg about tea 
fermentation, 1 e the tnochemlcal process by which fresh tea leaf 1s converted to black 
tea 4*5 It has long been recognized 6.7 that catechol oxldase (o-&phenol 0, oxldoreductase; 
E C 1 10 3 1) mediates the primary reaction of tea fermentatlod, namely, the oxldatlon of 
tea flavanols (I-IV) to their correspondmg reactive orthoqumone mtermedlates (V-VIII) 4*5 
However, peroxldase (donor H,02 oxldoreductase, E C 1 11 1 7) has also been lmphcateda 
as an enzyme which IS important m the fermentation although its role m this process has 
not been made clear. Further, it has been noted that appreciable amounts of free galhc acid 
are formed during the oxldatlon of tea flavanols both m whole tea leaf systems’ lo and m 
model tea fermentation systems’ l--l6 and that some eplmerlzatlon of the flavanols takes 
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place durmg tea fermentation ‘6-18 However, in spite of these observations, the relationship 
between these enzyme activities and their role m tea fermentation IS not clear at the present 
time 

OH 0 

_ 

( I ) t.-(-_)-eplcalechln R = R’= H (P) R=R’=H 
( II) L-(-)-eplcatechm gallale R = G, R’= H (XI) R = G. R’= H 
(III1 L-(-)-eplgallocatechIn R = H, R’= OH (Yll) R = H, R’= OH 
(I!Z) L- (-l-;~f$~cotechin R= G.R’=OH 

(Pm) R = G, R’= OH 

G = Galloyl = 3. 4, 5 - trihydroxybenzoyl 

SCHEME 1 

As part of an mvestlgatlon of the biochemistry of tea fermentatlon,‘5 16*19 we have 
studled tea catechol oxldase to determme Its role m the above-mentloned reactions In so 
dorng, we have separated tea catechol oxldase from peroxldase and galhc acid esterase 
(E C 3 1 1 20) enzymes which were also found m tea leaf extracts The properties of our 
purified tea catechol oxldase are compared with those reported by Bendall and Gregory*O 
and by Takeo and Ur~tan121~zz and new mformatlon on the properties of this enzyme IS 
discussed with particular emphasis on their importance to tea fermentation 

Enzyme Extra&Ion 
RESULTS 

First, a study was made to optlmlze the extractlon of catechol oxldase from fresh green 
tea leaf &sues The results showed that, as was found earlrer,23 it was necessary to mcor- 
porate Polyclar AT m the extraction media m order to obtam any enzyme activity Improve- 
ments rn the extractlon procedure”*19 include adJustment of extraction media to pH 7 0, 
and addition of Tween 80 21 Passage of the extract through a short column of Sephadex 
G50 slgmficantly increased actlvlty; this treament removed most of the residual mhlbltmg 
polyphenol from the enzyme extract Fmally, the amount of enzyme activity was doubled by 
cryomdlmg the tea leaf material using hquld nitrogen m place of sohd CO, The clear green 
extract thus obtamed (see Expenmental) was designated the crude soluble tea (CST) 
enzyme preparation 

Enzyme Purrficatron 

The CST enzyme preparation was further purified by the procedure summarized m 
Table 1 The first step was the preparation of a 40-60x ammomum sulphate fraction 
I7 NAKAGAWA, M (1967) Agr Blol Chem 31, 1283 
I* DZHEMUKHALXE, K M , BUZUN, G A and MILESHKO, L F (1964) Wokhrmrya 29, 882 
I9 BERKOWITZ, J E , COOCON, P and SANDERSON, G W (1971) Phytochemrsrry 10, 2271 
” GREGORY, R P F and BENDALL, D S (1966) Wochem J 101, 569 
*I TAKEO, T (1965) Agr B~ol Chem 29, 558 
*’ TAKEO, T and URITANJ, I (1966) Agr BIOI Chem 30, 155 
‘a SANDERSON, G W (1964) B:ochrm Btophys Acta 92, 622 
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(Fraction No II); this produced only a small purification and little separation of catechol 
oxldase and peroxrdase Gel permeation chromatography on both Sephadex GlOO and 
G150 columns (350 x 25 mm) at this stage failed to give slgmficant separation of catechol 
oxldase and peroxtdase, although tea catechol oxldase has a reportedzO MW between 
130 000 and 160 000 and peroxidase a MW ca 50 000 24*25 Further, only about 15 ‘A of the 
enzyme activity was recovered from these columns. These results suggest that tea catechol 
oxldase and peroxrdase are still strongly associated 

TABLE 1 PURIFICATIONOF TEA CATECHOLOXIDASE 

Rat10 of 
peroxldasel 

SpeclfiC catechol 
Fraction Vol Enzyme Protem actlvlty OXldase 

Procedure No (ml) (umts/ml) (mg/mQ (umts/mg) actlvltles 
CST enzyme I 70 91 18 5 05 23 1 

preparation 
40-60 % (NHdLSO* 

fractionation II 100 42 60 07 14 1 
Ultrafiltration 

XM-300 retentate III 48 71 15 47 12 1 
Isoelectric focusmg’ 

(Is($ytnc point) IV-A 25 120 0 115 105 0 01 
(6 8) IV-B 30 40 0 037 1100 12 1 
(7 1) IV-C 20 50 0 12 46 21 1 

* See Fig 1 for additional mformatlon on these fractions 

, Flavanol gallate 
esterare actwty 
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FIG 1 SEPARATIONOPTUENZYMES;CATECHOLOXIDASE,PEROXIDASE,AND FLAVANOLGALLATEESTER- 
ABE BY ISOELECTRIC FOCUSING 

**MAEHLY,A C (1955) m MethoclsmEnzymology (COLOWWK, S P and KAPLAN,N. 0, eds), Vol 11,~ 807, 
Academic Press, New York 
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The 40-60 % ammomum sulphate fraction was ultrafiltered through an Am&con XM 300 
filter which retains molecules with apparent MWs above about 300 000.26 Both catechol 
oxldase and peroxldase were recovered m the retentate after this treatment m yields of over 
80% which again mdlcates an assoclatlon of these enzymes. Approximately a 7-fold pun- 
ficatlon of catechol oxldase was obtained, with desalting 

The retentate from the ultrafiltration step (Fraction No III m Table 1) was purified 
further by lsoelectnc focusing The results obtained m a 96 hr run with a column contammg 
LKB pH 3-10 Ampholyte are summarized m Fig 1 This final step completely separated 
catechol oxldase and peroxldase from each other The major amount of catechol oxldase 
was found free of peroxldase at isoelectric point 4 1, and most of the peroxldase was found 
free of catechol oxldase at lsoelectrlc point pH 9 6 The small amount of flavanol gallate 
esterase present m the CST enzyme preparation was found at isoelectric point pH 4 2 
completely separated from any important catechol oxldase or peroxldase activity Smaller 
amounts of catechol oxldase and peroxldase actlvlty were found together at other isoelectric 
points Altogether, more measurable catechol oxldase activity was recovered from the 
lsoelectrlc focusing column than was put onto the column 

The mam catechol oxldase fraction, at lsoelectnc point pH 4.1 (Fraction No IV-A, 
Table 1, hereinafter referred to as punfied catechol oxldase), contamed 48 % of the catechol 
oxldase activity m the CST enzyme preparation, and was 210 times purer The purified 
catechol oxldase had only limited stab&y. about 60% of Its actlvlty was lost in 2 months 
at -4O”, and thawmg and refreezing destroyed virtually all of Its activity 

OH OH 

OH OH 

OH 

(Ix) D-(+)-Cotechln (Xl G = Galloyl, 
L -(-) -Gollocatech~n gallote 

pH Optimum 
The pH optimum of the purified catechol oxldase was determined using catechol as 

substrate, and was found at pH 5 7 This result must be compared with values of pH 5 5 
reported by Takeo,21 pH 5 I (Fraction A-I) and pH 4 6 (Fraction A-II) reported by Takeo 
and Urltani,22 and pH 5 7 reported by Gregory and Bendall 2o 

Kmetxs 
The reactivity of the purified tea catechol oxldase towards various substrates was studied. 

The results (Table 2) show clearly that this enzyme 1s rather specific for the o-dlphenohc 
group of the tea flavanols (-)-eplcatechm (I), (-)-eplcatechm gallate (II), (-)-eplgallo- 
catechm (III), (-)-eplgallocatechm gallate (IV) and (+)-catechm (IX) and that the K,s 

l6 PORTER, M C and MICHAELS, A S (1971) Chem Tech 56, BLATT, W F (1971) m Methods m Enzymology, 
(JAKOBY, W B , ed ), Vol 22, p 39, Academic Press, New York 
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obtamed are comparable with those reported earher *OS** Galhc acid and chlorogemc acid 
are not oxldtzed by our preparations, m spite of the fact that they have o-dlphenohc groups 
and that Gregory and Bendall*’ mdlcate that they were good substrates for their tea catechol 
oxldase (see Table 2) Gregory and Bendall*O also report conslderably different J&s for 
catechol and pyrogallol Possible reasons for these different results are discussed below 

TABLE 2 REACTIVITY OF TEA CATECHOL OXlDASE TOWARDS VARIOUS SUBSTRATES 

Substrate 

Substrate Reactlon K, K,,, values (M) reported by 
concentrahon rate V,., value Takeo and Gregory and 

(mM) (pmol/mm) (M) Urltaruzz Bendall*” 

(-)-Eplcatechm (I) O-5 25 14 x 10-S nd* 98 x lo+ 
(-)-Eplcatcchm 

Gallate (II) O-5 25 20 x 1o-3 nd nd 
( -(ii;)plgallocatechm 

O-5 20 22 x 10-S nd 33 x 10-a 
(-)-Eplgallocatechm 

Gallate (IV) O-5 17 20 x 10-S 1 7 x 10-j (A-I) 24 x 10-b 
44 x 10-3(A-II) 

(+)-Catcchm (IX) o-5 15 16 x lo-” 45 x 10-3(A-I) 1 5 x 10-a 
3 9 x 10-j (A-II) 

Catechol O-5 25 20 x 1o-4 nd 26 x 1O-2 
Pyrogallol o-5 26 3 7 x 10-4 nd 36 x lo-* 
Phloroglucmoi 5 0 No reactlon nd nd 
p-Cresol 4 0 No reactlon nd nd 
Guaiacol 3 0 No reactlon nd nd 
Tyrosme 4 0 No reactlon nd nd 
Galhc Acid 4 0 No reactlon nd 80 x 1O-2 
Chlorogemc Acid 4 0 No reactlon nd 0t 

* Not determmed 
t Vnl.. at mfimte concentrations of O1 reported to be ‘very high 

Eprmenzmg Actrvlty of Catechol Oxrdase 

Since the tea flavanols (I-IV) undergo some eplmerlzatlon during the conversion of fresh 
leaf to either green tea or to black tea, 16-18 it was of interest to study the role of the tea 
catechol oxldase m this reaction Punfied catechol oxldase was incubated with (-)-epl- 
gallocatechm gallate (IV) and the reaction mixtures were analyzed by PC The results 
(Table 3) showed that part of the (-)-eprgallocatechm gallate was eplmerlzed at the 2-pou- 
tlon to produce (-)-gallocatechm gallate (X) under both aerobic and anaerobic condltlons 
No eplmenzatlon could be detected at the 3-posltlon, the only other asymmetric center in 
the tea flavanols (I-IV, IX) Further, eplmerlzmg acttvlty was associated only with those 
tubes from the lsoelectrlc focusing column (Fig 1) which contained catechol oxldase A 
smaller amount of eplmerlzatlon was measured under aerobic than under anaerobic con- 
ditions, possibly due to the formation of oxldatlon products from some of the (-)-gallo- 
catechm gallate under the former condltlons 

Tea FlavanoI Gallate Esterase Actwrty 

The role of tea catechol oxldase m the degallatlon of tea flavonals which takes place 
during tea fermentation was studied by incubating the purified tea catechol oxldase with 
tea flavanol gallates under either aerobic or anaerobic condltlons The results (Table 3) 



1952 P COCGON, G A Moss and G W SANDERSON 

show that some degallatlon occurs when (-)-eplgallocatechm gallate (IV) IS undergoing 
oxldatlon (aerobic incubation), but that no degallatlon occurs under anaeroblc condltlons 
Slmllar results were found for (-)-eplcatechm gallate (II) 

TABLE 3 PRODUCTS FORMED FROM ACTION OF TEA CATECHOL OXIDASE ON (-)-EPIGALLOCATECHIN GALLATE 
UNDER AEROBIC AND ANAEROBIC CONDLTIOYS 

Polyphenols present III reactmn mixture* 

A Purified catcchol oxldase 
AnaerobIc 0 -k-t-f - - 
Atwfwze;,t,,th heat mactwatcd 

30 ++++ _ - - 
Anaerobic 

2:: 
++t +T _ _ 

Anaerobic + t-t li _ - 
Aerobx 0 -+i + _ _ 
Aerobic (wth heat macwated 

enzymes) 
:: 

-t -+ - - - 
Aerobic +t + 

B Crude soluble tea (CST) enzymes 
AnaerobIc 0 +t++ _ _ - - 
AnaerobIc -Lt++ tT tr - 
AnaerobIc 2:: -+- tT c -I - 
AnaerobIc (wth heat mactlvated 

enzymes) 240 -+i+ - - - 

All reactlon mixtures contained the same amount of substrate and catechol oxldlse actwlty Further detads 
are gwen m ExperImental 

* Quantltatlon of results based on estlmatlon of spot size on paper chromatograms tr = trace (spot 
Just detectable), + = hght spot, + + = moderate spot, + + + = strong spot, + + -t + = very strong spot 

7 Blsflavanols and thearublgms detected by PC 

A small amount of flavanol gallate esterase activity was found m the CST enzyme 
preparation (Expenment B, Table 3) as evidenced by the formation of some galhc acid 
when (-)-eplgallocatechm gallate was the substrate This flavanol gallate esterase was found 
m tube Nos II-13 obtained from the Isoelectric focusing column (Fig 1) separated from 
the purllied catechol oxldase 

DISCUSSION 

The method used to purify tea catechol oxldase over 200-fold has the advantage of being 
a simple one. The key step, lsoelectrlc focusing, was effective m dlsassoclatmg the three 
enzymes catechol oxldase, peroxldase and flavanol gallate esterase The rather strong assocla- 
tlon of these enzymes m tea extracts 1s possibly due to a lmkmg of the proteins via the tea 
polyphenols which are present m such high concentrations (25-35 % of tissue dry weight) 4*5 
Certainly, the use of Polyclar AT and Sephadex IS essential to success m extractmg soluble 
enzymes from the tea leaf tissues 23*27-29 

Comparison of our purified tea catechol oxldase with those previously reportedZo 22~29 
brings out some mterestmg pomts First, Takeo and Untam** report finding three lsozymes 
in their preparation, our results also mdlcate this, and It IS hkely that our Fractions IV-A, 
IV-B and IV-C (Table 1) correspond to Takeo and Untam’sz2 Components B, A-II and 
A-I, respectively If this IS correct, It IS easy to understand our slightly different results 
from those of Takeo and Urltan122 smce different lsozymes (Components A-I and A-II 
” BUZYN, G A , DZHEMUKHADZE, K M and MILESHKO, L F (1970) Wokhrmrya 35,1002 
‘* Looms, W D and BA-ITAILE, J (1964) Plun? Physlol 39, Suppl XXI, (1966) Phytochemutry 5,423 
29 ANDERSON, J W (1968) Phytochemrstry 7, 1973 



Tea catechol oxldase 1953 

and Fraction IV-A, respectively) were examined m the two mvestlgatlons Buzun et al *’ 
also report three isozymes, a dlmer (Fraction I), a trimer (Fraction II), and a tetramer 
(Fraction III) of a monomeric unit with N 30 000 MW From their relative affinity for 
DEAE-cellulose, it seems likely that these three Fractions I-III correspond to our Fractions 
IV-C, IV-B and IV-A, respectively In view of the followmg dlscusslon of Gregory and 
Bendall’s*O work, It 1s Important to bear m mmd that m all these mvestlgatlons, enzymes 
have been extracted directly from fresh tea leaf 

Gregory and Bendall*O have reported properties for a purified tea catechol oxldase which 
vary considerably from those of ours, especially as regards substrate affinities and speclficlty 
(Table 2) It seems likely that the explanation for these differences IS lmked to the methods 
used to extract and purify the enzyme Gregory and Bendall*O used an acetone dried powder 
of fresh tea leaf, a technique which appears to promote co-precipitation, and consequent 
condensation, of proteins and the tea polyphenols 4*5 In fact, the authors themselves men- 
tion the posslblhty that their enzyme fractions are ‘tanned’ and that their purified enzymes 
streak on starch gel electrophoresls Further, the presence of oxldlzable flavanols (I-IV) 
attached to their enzyme would account for the finding *O that galhc acid and chlorogemc 
acid can be oxidized by purified tea catechol oxldase In this case, galhc acid and chloro- 
gemc acid would be oxidized by enzyme-attached oxldrzed flavanols (V-VIII) m much the 
same way as Berkowitz et al lg describe for the oxldatlon of galhc acid during tea fermenta- 
tion The kinetics found*O for the enzymlc oxldatlon of chlorogemc acid 1s also consistent 
with these contentions The rate of chlorogemc acid oxldatlon appeared to be dependent 
on oxygen concentration but independent of chlorogemc acid concentration as would be 
expected m a system with the followmg properties: (a) The amount of oxldlzable tea flava- 
nols per unit of enzyme is fixed by the enzyme purlficatlon procedure; (b) the concentration 
of enzyme-attached oxidized flavanols IS determined entirely by the oxygen concentration 
according to normal Mlchaehs-Menten kinetics ,30 and (c) the rate of chlorogemc acid 
oxidation is dependent on the concentration of enzyme-attached oxldlzed tea flavanols as 
defined by the laws of mass action Certainly, none of our preparations have shown any 
activity towards either galhc acid or chlorogemc acid 

Finally, m attempting to reconcile the differences m enzyme properties It must be recog- 
nized that different lsozymes may have been studled and that Gregory and Bendall’s purified 
catechol oxldase preparations all contained peroxldase actlvlty The presence of peroxldase 
would have a most important effect on the results and would confuse the kmetlcs of the 
oxldatlons observed 

Our tea catechol oxldase has a rather high speclficlty for the tea flavanols (Table 2), 
unlike that of catechol oxldases reported m other plant tissues, such as apples,31 potato 
tubers,32 grapes,33 pears,34 and bananas ” The ability of tea cdtechol oxldase to oxldlze 
catechol and pyrogallol, but not phloroglucmol or monophenols (Table 2) indicates that 
tea catechol oxldase acts specifically on the tea flavanols (I-IV) by oxldlzmg the 3’,4’-o- 
dlhydroxy phenyl B-ring to form the respective o-qumones (V-VIII) The tea catechol 
oxldase also promotes some eplmerlzatlon of the flavanol molecules at the C-2 posltlon but 

” DIXON, M and WEBB, G C (1964) Enzymes, 2nd Edn, Academic Press, New York 
31 STELZIG, D A , AKHTAR, S and RIBERIRO, S (1972) Phytochemrstry 11, 535 
32 PATIL, S S and ZUCKER, M (1965) J B~ol Chem 240,2938 
33 HANEL, E and MAYER, A M (1971) Phytochemrstry 10, 17 
34 TATE, J N , LUH, B S and YORK, G K (1964)J Food Scr 29,829, WALKER, J R L (1964) Australmn 

J Wol Scr II, 575 
Js PALMER, J K (1963) Plant Physrol 38, 508 
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not at the C-3 posltlon, probably by extensive delocahzatlon of electrons on the oxldlzed 
B-ring 36*37 Smce eplmenzatlon at the C-2 posltlon appears to depend on the presence of 
an active catechol oxldase but not actual oxldatlon (Table 3), It IS proposed that the tea 
catechol oxldase draws electrons from the flavanol substrates strongly enough to allow 
eplmerlzatlon at the C-2 posltlon 

As noted above, some deesterlficatlon of the gallated tea flavanols (II, IV) has been 
recogmzed to be a consequence of tea fermentation, 4*5 although the nature of this ‘esterase’, 
or ‘tannase’, activity has not been clarified The results of our mvestlgatlon have shown that 
there IS Indeed a low level of flavanol esterase actlvlty m tea leaf but that tea catechol 
oxldase also catalyzes some degallatlon of tea flavanols as a consequence of Its oxldlzmg 
actlvlty This latter reactlon has been named oxldatlve degallatlon, and It IS entirely depen- 
dent on the actlvlty of catechol oxldase under aerobic condltlons These results (Table 3) 
also mdlcate that oxldatlve degallatlon must account for most of the galhc acid formed 
durmg tea fermentation smce the flavanol gallate esterase actlvlty IS present m tea leaf at 
such low levels As with the eplmerlzmg actrvlty, this catechol oxldase-medlated oxldatlve 
degallatlon of tea flavanols must depend on extensive delocahzatlon of electrons on the 
enzymlcally oxldlzed B-rmg of these molecules (II, IV) The mechanrsm of this reactlon 
1s further discussed elsewhere I6 

Two recent papers have appeared which have an unportant bearmg on our results First, 
Takeo and Baker38 have reported on the fractlonatlon of tea catechol oxldase by CM- 
cellulose chromatography and lsoelectrlc focusmg Three fractions were obtamed on CM- 
cellulose chromatography with at least SIX mam components three have lsoelectrlc points 
that are very close to those reported here The findmg that the presence, and relative amount, 
of mdlvldual components of this enzyme vary wtth the age of tea leaf may explam some of 
the differences m results reported by different mvestlgatlons Finally, Illmgworth39 has 
reported that lsoelectrlc focusmg of lsocltrate dehydrogenase causes lsozymes to form that 
were not present m the orlgmal purified enzyme preparation. This work suggests that great 
caution must be exercised m Interpreting results obtamed with enzymes which have under- 
gone lsoelectrlc focusmg 

EXPERIMENTAL 
h4uterruls (a) Green tea leaf Fresh tea flush, I e the tea shoot tips to Just below the second leaf, was air- 

freighted to us from Llpton’s ExperImental Tea Garden near Charleston, South Carolina, U S A , and stored 
at -40” until reqmred (b) Chemrcals (-)Eplgallocatechm gallate and (-)-eplcatechm gallate were prepared 
from fresh green tea leaf as described previously 4o (-)-Gallocatechm gallate was a gift from Dr C K 
Wdkms, Umlever Research Laboratory, Vlaardmgen, The Netherlands Other chemicals were purchased 
(c) Zsoektrrc focusrng column LKB 8102 (440 ml) column and Ampholme (carrier ampholyte), pH range 
3-10, from LKB Instruments, RocknIle, Maryland (d) Uitrafltrutron Amlcon stlrred cell ultrafiltration 
umt, Model 52, and filters from Amlcon Corporation, Lexmgton, Massachusetts 

Extractron of enzymes from fresh tea leaf All operations m extractlon and purlficatlon of enzymes were 
carried out at 4” unless stated otherwlse Fresh frozen tea leaf (25 g at about 75% moisture content) was 
added to enough hqmd N2 to cover the tea leaf The hquld NZ was decanted off, and the frozen leaf was 
lmmedlately transferred to a cold base Warmg blender and homogemzed below 4” After the mttzal blendmg, 
130 ml of 0 05 M phosphate buffer, pH 7 0, 12 g Polyclar AT and 7 5 ml of Tween 80 were added, and the 

36 PELTER, A , BRADSHAW, J and WARREN, R F (1971) Phytochemrstry 10, 835 
” JURD L (1972) m The Chemrstry of Plant Ptgments (CHICHESTER, C 0, ed ), p 123, Academic Press, 

New ‘York, JURD, L (1972) m Structural and Functional Aspects of Phytochemrstry (RUNECKLES, V C and 
Tso, T C , eds ,), p 135, Academic Press, New York 

38 TAK~O, T and BAKER, J E (1973) Phytochemrstry 12, 21 
39 ILLINGWORTH, J A (1973) Blochem J 129, 1125 
4o Co, H and SANDERWN, G W (1970) J Food Scr 35, 160 
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slurry was blended for 5 mm at 4” The resultant homogenate was centrifuged at 15 000 x g for 10 mm to 
remove cellular debris The supematant was passed through a short Sephadex column (5 x 3 cm) to remove 
the last traces of polyphenol The eluate (70 ml) from this column was designated the crude soluble tea 
(CST) enzyme preparation 

Purzjicurron of CST enzyme preparatron The CST enzyme preparation was treated with (NH&SO4 so 
as to collect the 40-60x fraction This precipitate was dissolved m 100 ml of 0 05 M phosphate buffer, 
pH 7 0 Thrs enzyme solution was dialyzed m an Amlcon ultrafiltratlon umtz6 usmg 50 ml of 0 05 M phos- 
phate buffer, pH 7 0, and an XM 300 filter The retentate (48 ml) was treated for 96 hr m an LKB lsoelectrlc 
focusmg column“’ using the LKB pH 3-10 ampholyte and 400 V At the end of the run, the column contents 
were dramed off and collected 11 ml/tube After each tube was assayed (Fig I), the major catechol oxldase 
contammg tubes were bulked and dialyzed agamst 0 05 M phosphate buffer, pH 5 6, m the Amlcon ultra- 
filtration unrt using a PM 10 filter to remove the sucrose and the Ampholyte 

Catechol ox&se assay Catechol oxldase activity was measured by a modlficatlon of the method of El- 
Bayouml and Frlden 42 This method IS dependent on followmg spectrophotometrlcally the oxldatlon of 
ascorbic acid which IS chenucally linked to the enzymlc oxidation of the phenohc compounds, no ascorbic 
acid oxldase could be detected m any enzyme preparation made from tea leaf material The reactlon mixture 
consisted of 0 5 ml of 0 3 mM ascorbic acid, 0 5 ml of 1 5 x lo-’ M EDTA, 0 3 ml of 0 1 M phosphate- 
citrate buffer, pH 5 5, 0 2 ml of 7 5 mM catechol, and enzyme solutron plus Hz0 to make up to a total of 
3 0 ml The reaction mixture was held at 30” and the reaction measured by following the decrease m absorb- 
ancy at 265 nm One unit of actlvlty IS defined as that amount of enzyme which will oxidize 1 pmol of sub- 
strate/mm m the above-described system The pH of 0 1 M phosphate-citrate buffer used m the above assay 
was varied to obtain the pH/actlvlty profile of the enzyme Enzyme kinetic data were obtained at pH 5 7 
and 25” by standard procedures 43 l 

Peroxrdase assay Peroxldase actlvlty was determined spectrophotometrlcally usmg gualacol as the 
hydrogen donor 44 One unrt of activity corresponds to the decomposltlon of 1 pmol HzOl/mm at 30” 
calculated from AA410nm assuming 4 mol Hz02 are requu-ed to form 1 mol tetragualacol (h,,, 470 nm, 
z 2 66 x 104) 45 

Determmatton of eprmerrzrng and gallate esterase actwty These enzyme actlvltles were determmed by 
analyzmg appropnate reaction mixtures by PC The reactlon rmxtures consIsted of 2 5 ml of 8 7 mM tea 
flavanol m 0 1 M phosphatscltrate buffer, pH 5 7, plus 1 0 ml of enzyme preparation (1 unit) Incubations 
were carried out at 30” m either open shaking teat tubes (aerobic incubation), or m evacuated Thunberg 
tubes (anaerobic mcubatlon) ReactIons were termmated by Immersing the reactlon nuxtures m bodmg Hz0 
for 5 mm Any formatlon of C-2 eplmer, 1 e (-_tgallocatechm gallate (X) from (-)eplgallocatechm gallate 
(IV), was taken to be an mdlcatlon of eplmerase activity Any formatlon of galhc acid m reactlon mixtures 
containing a gallated flavonol (II or IV) under anaeroblc condltlons was taken to be an mdlcatlon that 
flavanol gallate esterase was present m the enzyme preparation 

Protem determmatron The protein content of solutions free of phenohc material was measured spectro- 
photometrically *.s 

Paper chromatography Phenohc compounds present m the reaction mixtures were studled by PC7*1g on 
Whatman No 1 paper The solvents used were 1st duectlon-n-BuOH-HOAc-Hz0 (4 1 2 2), Znddlrectlon 
-2% HOAc. The spots were vlsuahzed under UV and with FeC13-K,Fe(CN), They were ldentfied bycom- 
parlson with authentic compounds and by reference to reported R,s I7 
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