
Phyto&ermstw, 1972, vol 11, PP 89 to 94 Pergamon press mntcd LLI E&and 

SPECIFICITY OF AN o-DIPHENOL OXIDASE FROM 
PRUNUS AVIUM FRUITS 

GAETANO LANZARINI, PIER GIORGIO PFFEW and ARTURO ZAMORANI 

Istituto dt Tecnologte Chlmrche Spectah, Facolm dl Chtmlca Industnale, Umverstm di Bologna, 
Bologna, Italy 

(Receraed 10 March 1971) 

Abstract--An o&phenol oxldase extracted from sweet cherry fiurts (Prunus avrum) was put&d 17-fold, 
and the recovery of enzyme activity was 5 6% The opttmum pH wrth catechol as substrate was 4.2 The 
enzyme exhibited only catecholase acttvtty and was macttve with monophenols The specttictty of the enzyme 
toward 19 substttuted catechols was exammed Substrtuents m posttion 3 caused a decrease m the affinity 
for the enzyme, probably due to sterrc hmdrance. Electron-donatmg substttuents m posttron 4 enhanced 
enxynnc acttvny, whereas electron-attracting substttuents m the same posrtton reduced or ehmmated the 
oxrdatron 

INTRODUCTION 

o-DIPHENOL oxldases are of widespread occurrence in the plant kmgdom and exert their 
acttvlty on a large number of substrates. w They are commonly referred to as catecholases, 
tyrosmases, cresolases, polyphenol oxidases or phenolases All these enzyme entmes 
oxidize o-dlphenols to o-qumones and are mactive on ascorbic acid; only some of them 
can also catalyse hydroxylation of monophenols m the ortho-posItion.3 Generally, the ratio 
of monophenolase to o-diphenolase activities varies according to the source of the enzyme 
and the method used for extraction and punfication. 

o-Dlphenol oxldase contams copper as its active prosthetic group, and accordmg to 
Kubowitz46 and Kelhn’ the copper is present m the enzyme as the bivalent Ion. More 
recently other author&l l using ESR have demonstrated that the Cu2+ content of the 
oxidase is very small and that the active enzynuc form is associated with Cu+ ions. This is 
m accordance with the fact that phenolases are easily mactivated by CO, a typical com- 
plexmg agent for monovalent copper The part played by copper in the enzynuc reaction 
has been mdicated by the formation of an enzyme-oxygen bond a Cu+-O2 Interaction 
would activate molecular oxygen, and the reaction would occur according to the scheme 

1 W. D BANNER, Ann Rev Plant Physrol 8,427 (1957) 
* D W BROOKS and C R DAWSON, m The Bwchemutry of Copper (edtted by F%JSACH, P. AISEN and 

W E BLUMBERG), p 343, Acadenuc Press, New York (1966) 
3 D A. ROBB, L W MAPS~N and T SWAIN, Phytochem 4,731 (1965) 
4 F Kuaowrrz, Blochem 2 292,221 (1937) 
’ F Kuaowrrz, Btochem 2 296,443 (1938) 
6 F Kuaowrrz, Blochem Z 299,32 (1938) 
’ D KEILIN and T MANN, Proc Roy Sot B 125,187 (1938) 
* T NAKAMU~A, Btochem Wophys Res Commun 2,11 (1960) 
9 H S MASON, E SPENCER and T YAMAZAKI, &o&em Wophys Res Commun. 4,236 (1961). 
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proposed by Mason l2 Other authors2*13-15 have studled the effects of mhlbltors and of 
substltutlon m the rmg of phenohc substrates on the velocity of the enzymlc reaction, on 
the basis of these results it can be assumed that oxldatlon occurs via an electrophlhc attack 

In the present paper the results of mvestlgatrons on an o-dlphenol oxldase from sweet 
cherry frmts (Prunus avmm) are reported After purification the enzyme showed neither 
cresolase nor lactase activity, whereas it acted very effectively on catechol (catecholase, 
E C 1 10 3.1, o-dlphenol oxygen-oxldoreductase) The purpose of this research was to 
determme the affinity of the purified o-dlphenol oxldase for some 3- or 4-substituted o- 
drphenols 

RESULTS 

Extraction and Pur$Tcatlon of o-Dzphenol Oxldase 
Unless otherwlse stated, all operations were conducted at temperatures between -2” 

and +4” m sodium phosphate buffer at pH 7.0 Pitted cherries, pre-frozen at -2O”, were 
homogemzed and extracted m acetone The acetone powder (20 g) was ground with 100 ml 
of 20 mM buffer and after repeating this three times, the extract was centrifuged and the 
sediment was discarded The supernatant was then dlalysed against 2 mM buffer (step 1) 
Ammomum sulphate was added to 30% saturation, the solution centnfuged at 23,000 g 
for 20 mm, and the supernatant redalysed against 2 mM buffer (step 2) Ammonium 
sulphate was then added to 85 % saturation and the ppt obtamed on centnfugmg (23,000 g, 
20 mm) was taken up m 0 1 M buffer and dlalysed (2 mM buffer) (step 3) This solution 
was chromatographed on DEAE-cellulose (Whatman DE 23), elutmg with 25 mM buffer, 
(step 4) The eluate fractions containing the enzyme were combmed and chromatographed 
on DEAE-Sephadex A-50, elutmg with 50 mM buffer (step 5) To follow the course of 
purification of the enzyme, catecholase actlvlty was measured at each step by determining 
the mltlal velocity of reaction V,, with catechol at pH 4 2 as the substrate, since preliminary 
experiments had shown that this was the optimal pH of the o-dlphenol oxldase The increase 
m extmctlon at 420 nm due to the products of oxldatlon of catechol was used as a measure 
of the oxldatlon of this substance 

TABLE 1 ACTWITIF.S OF 0-DIPHENOL OXIDASES FROM SWEET CHERRIES (20 g ACETONE POWDER) AS MEASURED 

WITH CATECHOL AT pH 4 2 AS SIJEWRATE, FOR THE VARIOUS PURIFICATION STEPS 

step 
Protem 

Total, mS 
Enzyrmc actlvlty Specific actlvlty, “W&WY 

m&l Total “ruts Umts/ml umts/mS protem o Plu1ficat10n 

Crude extract 
Ak:lOd:&rs 1632 2 454 folIowIng 15,700 23 60 9 61 100 1 30% 

saturation 
,4ff%%,s 1037 1440 9360 13 00 9 40 60 1 followms 85 “/. 

saturamn 
(120 ml) 193 1607 5670 45 25 29 40 36 3 

After DEAB-cellulose column 

ch;p4y$mPbY 23 6 0 163 1907 13 10 87 30 12 9 
After DEAE-Sephadex column 

c~;$m$graPhY 53 0 076 882 12.60 166 00 56 17 

The amount of enzyme whxh gives, as nntlal velocity of reaction (VJ, a AE410,1e value of 0 050 is here 
defined as the unit of enzyme actmty 

I2 H S MASON, Advances m Enzymobgy 19,131 (1957) 
I3 A M MAYER, Phytocltem 1,237 (1962) 
I4 A M MAYER, E HAREL and Y SHAIN, Phytochem 3,447 (1964) 
I5 L L INGRAHAM, J Am Chem Sot 76,3777 (1954) 
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The results of the analyses are shown m Table 1 Except for the crude extract (step 1) 
which showed a low cresolase activity, all the extracts were found to possess catecholase 
activity only The course of purtfication m the last steps was also followed by means of 
acrylamide-gel electrophoreas, demonstrating the effictency of the DEAE-Sephadex 
column chromatography. While the enzyme preparation from step 4 separated mto 3 
protem bands on electrophoreas, only one of which was active on catechol at pH 4.2, only 
the band with phenol oxidase activity appeared on the electropherograms after DEAE- 
Sephadex column chromatography. Moreover, when the enzyme from purification step 4, 
1 e after DEAE-cellulose column chromatography, was assayed for catecholase actlvtty 
at various pH values, the velocity of oxtdatlon of catechol was found to exhibit two maxima 
at pH 4.2 and 6 2, respectively, after further purification by DEAE-Sephadex chromato- 
graphy (step 5), only the maximum at pH 4 2 was still present (Fig. 1) 
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FIG 1 CHANGFSINOXIDATIONVELO~ITYOFCATECHOL(VJ ASAFUNCI~ONOF THE pH OF REACTION 
SYSTEM,FORTHEENZYMEOBTAINEDINPURIFICATTONSTEPS 4. AND 5 0 

Enzyme Speclficlty 
The specificity of the purtfied enzyme was tested using catechol,16 3- or Csubstituted 

catechols and 2,3-dthydroxynaphthalene as substrates; the substituent groups were chosen 
among the simplest and most significant m order to evaluate then effect on the catecholase 
activity of the enzyme For each of the substrates the wavelength at which the correspondmg 
oxidation products exhibited maximum absorptron was previously deterrmned For the 
substances with no maxima m their absorption spectra, the 420 nm wavelength was chosen 
for spectrophotometnc determmattons (Table 2) Moreover, for each of the substrates the 
pH value was determined at which the enzyme exhibited maximum activity as evaluated by 
V, measurements. In all cases, the optimum pH values differed only slightly from that for 
catechol and were m the range 4-4 6 Subsequently, the specificity of the enzyme toward the 
various substrates was evaluated at the optimum pH’s Readmgs were taken at the wave- 
lengths of maximum absorption, and the followmg two parameters were measured* (1) the 

l6 H. U. BRRGMEYER, Methods of Enzymatrc Analysti, p 34, Academic Press, New York (1965). 
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TABLET ENZYMESPECIFICITY TOWARD D~FFRRENTSUB~~TB,EX~RE.WD As AMOUNTOFOXIDI~~WCORBIC 
ACID AND AS VIXOCITY OF FORMATION OF OXIDATION PRODUCTS (VALUES GIVEN WITH RESPECT To THOSE FOR 

CATECHOL, ASSUMED AS EQUAL TO 100) 

Substrate 

i%,,,,,. absorption 
of oxldatlon 

products (nm) 
Optunum Oxldlzed 

PH ascorbic acid 

V. of formation 
of oxldatlon 

products 

Catechol 
CMethylcatechol 
3-Methylcatechol 
3,4_Dihydroxyphenylacetic acid 
3,4_D&ydroxybenzolc acid 
2,3-Dlhydroxybenzolc acid 
Ethyl-3,4-dihydroxybenzoate 
3,6Dlhydroxyproplophenone 
w-Chloro-3+dlhydroxyproplophenone 
4-Chlorocatechol 
2,3-Dlhydroxy-4-methoxybenzolc acid 
3+Dlhydroxybenzaldehyde 
3+Dlhydroxybenzomtrde 
3,4_Dlhydroxycmnamlc acid 
3,4_Dlhydroxyphenylalanme 
CNltrocatechol 
Chlorogemc acid 
2,3-Dlhydroxynaphthalene 
2,3-Dlhydroxyphenylsulfomc acid 

420 
496 
420* 
420* 
420* 
- 
- 
436 

410 
- 
420* 
436 
420* 
482 

420* 
- 
- 

42 
40 
42 
46 
40 
- 
40 
41 
- 
41 

43 
41 
42 
41 
- 
45 
- 
- 

100 100 
136 133 
31 

11.5 1:: 
10 9 
0 0 
0 0 

106 10.5 
0 0 

130 128 
0 0 

22 19 
14 12 

113 119 
23 24 

0 0 
141 142 

0 0 
0 0 

* Value arbltrardy chosen, since it was difficult to determine the wavelength at which the oxldatlon 
product exhibited maximum absorption 

amount of ascorbrc acrd oxrdlzed m a grven time,* (11) the rate at which the substrate was 
oxrdrzed after all the ascorbic acid had been converted to dehydroascorbtc The values 
obtained (Table 2) are grven wrth respect to those for catechol 

DISCUSSION 

An exammatlon of Table 2 shows good agreement between measurements based on the 
oxrdatron ttme of ascorbrc acrd and the measurements of the velocrty of reaction V,. Thrs 
confirms once more that ascorbrc acid, m the concentrations used for the analytical deter- 
minatrons, does not interfere with the enzyme-substrate reactron 17-lg As regards the effect 
of the substrtuent groups on enzyme specrficrty, the followmg consrderatrons can be made 

Stem Effect 
The decrease of reacttvrty m the 3-substrtuted substrates (3-methylcatechol, 2,3-d+ 

hydroxybenzorc acrd, 2,3-drhydroxy-4-methoxybenzorc aad, 2,3-drhydroxyphenylsulfomc 
acrd) can be attnbuted to stenc hindrance, smce rt occurred mdependently of the electron- 

* T'he velocity of the reactlon between ascorbic acid (AH,) and qumone (see below) 1s greater than that 
at which the qumone itself 1s formed, thus preventmg measurable amounts of oxrdlzed substrate from 
remammg m the reaction medmm as long as some ascorbic acid 1s present AH2 + o-qumone -+ A + 
o-dlphenol 
I’ B LUDWIG and J M NELSON, J Am Chem Sot 61,2601 (1939) 
I* L L ING RAHAM, J Am Chem Sot 78, 5095 (1956) 
I9 W SCHARF and C R DAWSON, J Am Chem Sot SO, 4627 (1958) 
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donating or electron-attractmg character of the substituent (for instance, compare 3- 
methylcatechol and 2,3dihydroxybenzotc acid with the Cmethyl and 3&dihydroxy 
Isomers) 

Inductrve Efect 

The presence of an electron-donating group in the 4 posrtton results m a greater reactivity 
of the substrate Thrs is partrcularly evident as regards chlorogemc acrd, 4-methylcatechol, 
4chlorocatechol and 3,4_dlhydroxycmnamlc acid. In contrast, electron-attracting groups 
cause a decrease of affimty or a total mactlvatron; tlus IS the case wrth Cmtrocatechol, 
3,4-dihydroxybenzomtnle, 3,4&hydroxybenzolc acid and 3,4-dlhydroxybenzaldehyde The 
only exceptron IS 3,4-dihydroxypropiophenone, which exhibits a greater affimty than 
catechol The lack of enzymic activity toward 2,3-drhydroxynaphthalene should be 
attributed to the remarkable chemical stabihty of this molecule 

Chemical oxrdatlon of o-diphenols has been supposed to occur vza the formation of the 
phenate radical-ion 2o-22 This mechanism of reaction cannot be assumed for the enzyme 
studied, for the followmg two reasons (I) the very acid pH of the reaction system (4-2) 
does not favour the formation of the above ion; (u) electron-attractmg substituents, 
favourmg the formation of the same ion, should Increase substrate reactivity, but no such 
Increase was observed here Our results can rather be explained by the hypothesis12*23~24 
whrch regards an electrophrhc stage as a factor governmg oxrdatron rate This probably 
results from the formation of an enzyme-substrate complex m which the copper of the 
enzyme participates directly Being aromatic substances with 7 orbitals available, phenohc 
substrates can form complexes with transition metals, even m their lower-valency state 25 
Substrates with electron-donating substituents allow the enzyme-substrate complex to be 
formed more easily, and o&phenol oxldase should therefore have a greater activity with 
them, which is m accordance with our results 

EXPERIMENTAL 
Plant mate& andphenolrc substrates Sweet themes picked at matunty were kept at -2O”, smce freezmg 

was found to Increase the amount of extractable enzyme All phenohc substrates were supphed by FLUKA 
(then degree of punty was m no case lower than 99 %), except for 2,3-dlhydroxyphenylsulfomc acid, which 
was prepared by the method of Gentsch Z6 

Measurement of enzymrc actwty Aq c&echo1 (1 ml of 175 mM), cdrate-phosphate buffer (2 ml of 
0 5 M, pH 4 2) and the enzyme preparation (0 5 ml) were placed m a spectrophotometer cell, at 25”, m the 
order gven Extmction was measured at 420 nm 30 set after the addltlon of the enzyme, and the measurement 
was repeated every 15 set up to 3 mm from the begmnmg of the reaction The graphic method descllbed by 
Bergmeyer16 was used for calculating V, The amount of enzyme under the above condltlons, givmg a V. 
corresponding to a AE420,mln of 0 050 IS defined as enzyme umt 

Protern determmatron The protein content of the enzyme extracts from purficatlon steps 1, 2 and 3 was 
determmed by the KJeldahl method 27 For the other purticatlon steps, the protein content was determmed 
by measuring extmctlon at 280 nm and comparmg the values obtamed with those for albumm solutions of 
known concentrations 

z” P W DAVIES, Physxal Technzques zn Bzologrcal Research (edlted by W L NASTUK), Vol 4, p 137 
Acadermc Press, New York (1962) 

21 F R HEWGILL, T J STONE and W A WATERS. J Chem Sot 408 (1964) 
22 T J STONE and W A WA~RS, J Chem Sot 1488 (1965) 
23 H S MACON and W L FOWLKS. J Am Chem Sot 77.2914 (1955) 
24 B J B WOOD and L L INGRAHAM, Nature, Z..ond 205,~291 (1465) . 
25 L E ORGEL, An Zntroductzon to Transltzon Metal Chemistry-Lzgand Field Theory Wdey, New York 

(1960) 
26 C GENTSCH, Ber Chem 43,2108 (1910) 
27 J. L BAILEY, Techmques m Protern Chemzstry, p 299, Elsevler, New York (1962) 



94 GAETANO LANZARINI, PIER GIOR~IO PIFFERI and ARTURO ZAMORANI 

Cohann chromatography on DEAGcelizdose Whatman DE 23 DEAE-cellulose (25 g, exchange capacity 
1 meq/g) was treated accordmg to the procedure described by Neukom ‘a The column (l-8 X 90 cm) 
supplied with a cooler, was equlhbrated wnh 5 x low3 M NaHiPO, buffer (pH 7) Elutlon was carried out 
with 2 5 x lo-* M phosphate buffer (pH 7) collectmg 4-ml fractions 

Column chromatography on DEAE-Sephadex DEAE-Sephadex A 50 (2 g, exchange capacity, 3 5 
meq/g) was dispersed m 2 5 x 10e2 M NaH2P04, placed m a column (1 4 x 10 cm), and equmbrated with 
the same buffer The enzyme was eluted with 5 x lo-’ M NaH2POL buffer (DH 7) 

Acrylamzde-gel electrophoreszs The gel was prepared by polymerlzatlon of a’ mixture contammg 2 5 g 
of cyanogum (Amencan Cyanamld Co ), 24 ml of 0 2 M tns HCl buffer (pH 6 5), 0 1 ml of 7 % ammonmm 
persulphate, and 70 ~1 of N,N,N’,N’-tetramethyldlamme Protem bands were stained with anudo black, other 
electropherograms were dipped into 0 17 M catechol solution m curate-phosphate buffer (pH 4 2), o- 
dlphenol oxldase caused a deep yellow band 

Measurement of the wavelength at whzch oxrdatzon products exhzbzted maxzmum absorption Enzymlc 
oxidation was carried out as described for the determmatlon of enzymlc actlvlty After 3 mm the reaction 
was stopped by adding sufficient NaF to a final concentratron of 10-l M Absorption spectra were plotted 
over the range 20&400 nm 

Determznatzon of optzmum pH’s for the varzous substrates The phenohc substrates (0 2 M, 1 ml normally 
as aq solns, but for msoluble substrates, dissolved m a 9 1 mixture of H,O and EtOH) were placed m a 
spectrophotometer cell with 2 5 ml of 0 1 M cttrate-phosphate buffer,29 pH range 2 5-6, and 0 3 ml of 
solution of purified enzyme Spectrophotometrlc determmatlons were carried out at the wavelength of maxi- 
mum absorption of the oxldatlon products 

Measurement of speczficzty The phenohc substrates (1 ml of 30mM), 0 2 ml of 10m5 M EDTA, 0 5 ml of 6 x 
10e4 M ascorbic acid, 1 ml of 0 1 M curate-ohosohate buffer at the ootlmum for DH the substrate and 0 3 ml 
of solution of purified enzyme were placed &c&swely m a spectrophotometer cell, at 25” and absorbances 
were read at the wavelength of maxlmum absorption The time elapsmg from the addmon of the enzyme to 
the reaction system and the appearance of a spectrophotometrlcally detectable absorption was measured 
This time corresponded to that necessary for the oxldatlon of all the ascorbic acid present Spectrophoto- 
metric readings were then repeated at 15-set intervals From the time necessary for the oxidation of the 
ascorbic acid, the amount of ascorbic acid oxldlzed m the same time m the presence of the various substrates 
was calculated with respect to catechol The results of the spectrophotometric determmatlons were used for 
calculatmg the V, for each substrate with respect to that for catechol Ascorbic acid blanks, m which the 
enzyme was thermally mactlvated were incubated m the range pH 4 2-4 6 and no loss of ascorbic acid was 
observed 
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