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INTRODUCTION 

~workintb$laboratoryhasshownthat~active~~couMbeisolated 
from apple peel (Jones and Hulme,’ Huh& et uZ.z) or from flower petals (Htilme et clr.s) when 
1% polyvinylpyrrolidone(PVP) was incorporated in the extraction medium. More recently 
Jones et al.4 have investigated the various factors involved in the use of PVP and other 
polymers in the isolation of enxymes from apple fruits and have discussed theories concerning 
the probable mode of action of PVP in protecting mitochondria. In the course of this work 
it was observed also that the phenolase (odiphenol : O2 oxidoreductase, EC. No : 1.10.3.1.) 
activity of these preparations was considerably lower than that recorded when PVP was 
omitted from the extracting medium. It was concluded that the phenolase was inhibited by 
PVP. However, the possibiity that partially oxidized (polymer&d) phenolic compounds 
also combined with PVP was not entirely eliminated since evidence that such combinations 
with PVP can occur has been presented by Gustavson.s This paper presents the results of 
further investigations on the inhibition of phenolase by PVP and the reversal of this PVP 
inhibition by suitable treatments, 

RESULTS 

In view of a recent report by.Harel et a1.6 that their preparatian of phenolase from apples 
showed two pH optima, at pH 51 and 7.3 respectively the change of phenolase activity with 
pH was checked for both the mitochondrial and “puritled” enxyme, chlorogenic acid and 
4-methylcatechol being used as test substrates. From Fig. 1 it will be seen .that maximum 
activity occurred between pH 4%and 5-O with mitochondria: similar results were obtained 
withthe~~preparation~no~ndarypHoptimumoccurredwitheitherpreparation. 
This agrees with earlier N~Zealand work on the phenolase of apples (Walker’); 

l A.RC. Underwood RcamchPellow,onlcavofromtha ChwthrmInstituto,Nelson,Newzcaland 

1 J. D. Jota and A. C. Ham, Nutitm 191,370 (l%l). 
* A. C. HULMB, J. D. Jo= and Lm S. C. Woo~mmm, Pkjmckm. 3,173 (1964). 
3 & C. Huuq J. D. Jams and L. S. C. Wocqmtm, Nature X&.795 (1%). 
4 J. D. Jotas, A. C HULME and L. S. C. Woo~mm~N, Phytochm. 4,659 (19as). 
s K. H. Gusrmso~, Svmsk Kern. lT&kr. as, 359 (1954). 
6 E. HAREL, A. M. MAYER and Y. !&MN, Pkydd. Phmt. 17,921(1%4). 
7 J. R L. Wmcex, Awt. J. B&l. Sci. 17,360 (1964). 
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FZQ. 1. VAzuAmoNa prmNowgAcrMlY~PHusaW ~AND10@uole#cHLollo 
QaNlcAuDM suaanI&TB. suduARIIpsuLTswEREolfiAlNsDwI!lEN~AlEaioLoRurlmutsD~ 

ENZY?dEWASusBD. 

Phoqhate-citrate buffer (01, Ph08Ph@ buff& (0). 

Experiments with Mitochndria 

When mitochondria, prepared without PVP, were incubated with chlorogenic acid in the 
presence of various amounts of PVP it was found that the degree of inhibition of oxygen 
uptake &reased regularly until a PVP concentration of 1 per cent was reached but thereafter 
extra PVP caused little further inhibition. This finding correlates with the observations of 
Jones et d4 who found, using mitochondria from similar apples to these used here, that 1% 
PVP in the extraction medium yielded mitochondria with maximum dehydrogenase activity; 
they attributed inhibition of mitochondrial activity in the absence of PVP to the action of 
oxidized phenolics formed during the preparation of the enzyme. Thus we have the signifi- 
cant fact that 1% PVP brings about maximum inhibition of mitochondrial phenolase and gives 
maximum activity to the mitochondrial dehydrogenases. 

Using the procedure suggested by Dixon 8 a plot of the reciprocal of the initial rate of Os- 
&u&ion (l/v) against inhibitor concentration (z) for two diRerent levels of substrate was 
found to be linear for PVP concentrations up to 1-O %. The position of the intersection of the 
two graphs (see Fig. 2.~) suggested competitive inhibition and gave a value for the inhibitor 
constant (K,) of O-27 per cent or O-97 x 10-4 M, assuming an average mol. wt. of 28,000 for the 
Kolhdon-25 grade PVP used in these experiments. A duplicate experiment with 4-methyl- 
catechol as the substrate gave closely similar results (4: 025 per cent). 

The competitive nature of the inhibition of phenolase by PVP was also demonstrated by 
the experiment shown in Fig. 3 where it may be seen that the addition of extra substrate to the 
Warburg flask (D) containing 1% PVP and 8pmoles substrate increased the rate of 02-uptake 
almost to that observed for 1% PVP and 16 pmoles substrate @ask C). 

In view of the evidence presented by GustavsonS that PVP can form complexes with 
vegetable tannins, analogous to tannin-protein complexes, and these complexes could be 

* M. D=~N, -a J. 55,170 (1953). 
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These PVP-inhibition and @ergent-activation effects were further demonstrated by 
inc&&ng an aliquot of the mitochondrhd fraction, prepared in the absence of PVP, with 
1~pvPfor6omin,afterwhichtimeitwascentrifuged,~withbufferand~atzy 
resuspended in but&r solution. An equal volunn of the same mitochondrial preparation was 
similarly treated, but without the PVP, to acrve as a control. The reults shown in Table 2 
indicate t&at PVJ? binds onto the mitochondria thereby inhibiting phenolase activity. This 
inhiition ~88 not removed by washing but was overcome by treatment with Manoxol OT 
suggesting that the detergent removes PVP from the mitochondrial complex. Attempts to 
estimate the PVPxeleased by d&rg6nt activation using the iodine titration method 0fDwyer 
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andLewandoowkigwere~~~o~tothasmallquantitiesinvolvedand~nonl 
speczK&ofthemethod. 

&perhen ts with PEG-precipitate 
Th6supernatantliquidfromthemitochondrialpreparationswastreatsdwithpolyethylmc 

glycol (PEG) to obtain the PEG-precipitate (see Experimental section). From the results 
~~inTable3itwillbeseenthatthephcnolaseactivityof~PEG-precipitate,preparcd 
from PVP-containing medium, was markedly h-eased in the presence of certain anionic 
detergentsand,toalessercxten~5Murca. Inthecaseofthealkylsulpho8uccinate(Manoxol) 
~thesizeofthe~lgroupalsodetenninedtheextentofthereactivation,thedioctyt 
esterbeingthemosteftkctive. 
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~-uptake of 33-O pl/min and 84 pl/mi.n (control) were recorded. It was found that identical 
amounts of phenolic and nitrogenous material were removed from these preparations by 
both treatments. This eliminates the possibility that the detergent activation is brought about 
by removd, of phenolic material. The phenolase activity of the PEG-precipitate could also be 
restored’by treatment with acetone : 10 ml of PEG-precipitate was treated with 30 ml of cold 
(-20”) acetone and the precipitate, after centrifugation and resuspension in 10 ml buffer 
solution, showed an increase in the rate of Osqtake from 8.0 j@nin to 30.0 $/min 

The ability of certain anionic detergents to activate phenolase was used to study the distri- 
bution of the enzyme between the mitochondria and PEG-precipitates prepared from equal 
amounts (25 g) of apple peel, both with and without PVP in the extraction medium, The 
results given in Table 4 show that the total phenolase activity, as released by sodium dodecy1 
sulphate or Manoxol OT, was similar for both preparations. The distribution of activity 
between the mitochondria and the PEG precipitates was different depending on the presence 
or absence of PVP from the extracting medium. 

Phelmkw actiVity (initial rate oflptake: pqmin/g peel) 
r \ 

MiXIU!SPvpgraparation Plus FVP pre+ation 
I , I 1 

Mb TOtfll Mitc- TO&l 
DetWHadded chormdria PE~pPt. activity chondrk PEG-ppt. activity 

&%sodiurn a-7 0.7 94 O-6 O-7 l-3 

ww 16.8 159 31-8 9-2 30-7 39.9 
O-01 M rvfmoxol 

OT 17.6 20-8 384 9.6 37.2 46.8 

Experimemb with “Psu$ed” Phenolme 

siacetheoriginalmitochondrialpreparationswereknowllto~~a~~amounts 
of phenolic material 4~6and~mightplayapartinthebindingofPVP,furtherexperiments 
on the inhibition of phenolase by PVP were performed using a “purikd” form of the enzyme 
from which much of the phenolic material had been removed. Details of the method of pre- 
paration of this enzyme from mitochondria, which involved a fractionation on a Sephadex 
column in the tinal stages, are given in the Experimental section. During this purification 
procedure the phenolics/TCA-insoluble N ratio fell from 255 to @32. 

The inhibitory e6ect of PVP upon the “purifkd” enzyme was investigated in a manner 
similartothatusedforthemitachondriaand,~~canbefr~Fig.2bandTabfcJ,~ 
“purified” enzyme was found to be far less sensitive to PW than the original mitochondrial- 
bound enzyme. Moreover the inhibitory effect of PVP could be removed, and the original 
phenolase activity recovered, by washing the purifkd partkulate enzyme preparation with 
bufkr solution alone. As clearly shown (see Table 2) PVP could not be washed off from PVP 
inhibited mitochondria. Similarly there was far less stimulation by Manoxol-GT and other 
anionic detergents (see Table 5). A comparison of the inhibitory efkcts of different molecular 
weight polymers of PVP was also made using this pm&xl enzyme (see Table 6) and it was 



K-17 11,ooo 1.36 12-4 
K-2!! 1.25 
K-30 o-84 z: 

found that the inhibitor constant (4) decreawd more or less regularly with incrca8mg 
mok!cular weight. 
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DISCUSSION 

~heresults~~~inthispaperindicatethatPVPbchavesasaco~ihhibitorof 
phenolase ifpurifred enuyme preparations are used but acts in a more complex manner when 
the enzyme is intimately hound up witli mitochondrial or other partic&& components of the 
plant cdl. Our results diifer in certain respects from those obtained by Hare1 et trL6 who 
found pH optima at 5-l and 7.3 for the phenolase of “Grand Alexander” apples. They also 
claimed on the basis of experiments carried out with chloroplasts and the monomer, N-vinyl 
pyrrolidone, at pH 7-3, that the inhibition of phenolase by PVP was irreversible. 

According to Dixon * and Dixon and Webb lo the present results suggest that the inhibition 
of phenolase by PVP is most probably of a parGal& competitive nature (Type Ib) where the 
substrate and inhibitor occupy adjacent sites on the enzyme. Although this inhibition by 
PVPwaseasilyrcmovedbysimplywashingthe“puri6ed”enzymethiswasnotthecaseforthe 
mitochondrial enzyme which’appears to be intimately asso&ted with the polyphenols, 
lipids and other complex constituent materials of the mitochondria. It is therefore suggested 
that, in the case of the mitochondrial-bound enzyme, the PVP may also form attachments to 
theseotherextraneousmaterialstherebygivingamore pumaneminhibitionofthephenolase 
attached to the mitochondria. 

This hypo&sis is supported by the reactivation e&&s of anionic detergents and other 
dissociatingagentssuchasureaandacetonesincethesephenomona were much more marked 
with the mitochondrial and PBG-precipit&e fractions than with the less complex purified 
enzyme. Fmthermore, PVP bound to these fractions could not be washed off by buffer alone 
whereas this was possible with the pm&d enzyme preparation (Table 2). 

In a recent publication Goldstein and Swain” have reported studies of the inhibition of 
certainenzymesby~andthe~v~ofthisinhibitionbyvario~~tionicandnon-ionic 
detergeanionic detergents having been found to be ineffective. Phenolase was not how- 
everincludedamongtheenzymesstudied. Theirfindin~insofarastheyareapplicabl~were 
in marked contrast to the present results which are more in keeping with those obtained by 
Kenten l2 who demonstrated that the latent tyrosinase of broad bean leaf (Vicisfaba, L.) was 
strongly activated by anionic but not by non-ionic and cationic detergents. Robb ef al.‘3 have 
sugge&d that the activation of latent broad bean tyrosmase is brought about by changes 
inthetert&uystructureoftheenzymeprotein andbymodiflcationofthehydrogenandhydro- 
phobicbonding. Ontbe~ofthep~t~ultsitis~thatasimilarmechanism 
operates with our preparations and that the various dissociating agents act not only by 
wealmUg the links binding PVP totheparticle-bound phenolasebutalso by bringing about 
activation along the lines suggested by Robb et ~2.~3 

EXPERIMENTAL 

Alltheapplesusedinthese experimwts were of the cultivar cox’s Orange Pippin picked 
~~,just~artotheonsetoftharespiraticw~~~inairat3o. 
Mitochondrial fractians (hema&r referred to as “mitochondria”) were pmpared from the 
peel ofthese apples a$ previously described (Huhue at uL19 except that O-02 M-cysteine HCl 
wasaPdedtotheextractionmediatoprevtntthabrowningthatothorwigeoccurradwhw 

‘~~.~andKcw1BB,dkrymcs,,Lonlpnan$c4recmand.,Londonf1998). 
*l J, L. Gosnasw and T. SWAIN, Phytockm. 4,185 (1965). 
I2 R I$ m Ah&em. J. 6% 244 (1958). 
‘3 bi A. ROBB, L. W. M.eso~ and T. SWAIN, Nutwe B37.503 (1964). 
l4 A. C. HULME, J. D. JONIB and La S. C. WOOLYQR~BN, hoc. Roy. Sue. (-lhdm) Bl!B, 514 (l963). 



PVP was omitted. The supematant liquid from the mitochondria prepared with PVP was 
subsequently treated with 40% (w/v) polyethylene glycol, mol. wt. 4000, to yield a second 
w active preparation, hereafk referred to as the PEG-precipitate (see Huhne 

. 
A “purifki” phenolase, low in phcnolic impurities, was required for certain experiments 

and this was obtained from mitochondria, prepared without PVP, using the procedure 
described by Walker.’ In brief this involved treatment of the mitochondria with cold (- 20”) 
acetone, extraction with Na2CQ (@Ol M)xysteine (04lO5 M) solution, fbrther acetonc pre- 
cipitation steps and final fractionation on a column of Sephadex G-75. This preparation was 
soluble in the carbonate=cysteine solution but insoluble at pH 54; it was therefore used as a 
fine suspensioi in phosphate-citrate buffer. 

Phenohux activity was estimated manometrically at 30” by conventional Warburg 
techniques and expres4 as initial rates of Oruptake, averaged over the ti 3 min. The 
Warburg flasks contained @l M phosphate-citrate buffer at pH 5.0 together with enzyme and 
other additions, with either chlorogenic acid or 4-methylcatechol as sub&rated in a final 
volume of3 mL The former compound was the p&erred substrate because it is probably one 
of the substrates for phenohsse in the apple fruit. 

The nitrogen and phcnolics content of the various enzyme preparation8 were measured 
bythemeth~~~ByHulmeetul.2w~the~~ofchemicsllswerethe~eab, 
thoselistedbyJonesetuZ.4ManoxolestersweresuppliedbyHardman and Holden Ltd. 
(Manchester) and Lissapol N was obtained from ICI. Ltd. 

AwWewiahtothank I-hhtllalldHoldenLtd.torgiftSafhdaaaxor~dLCLLtCL 
foragittoP~N,LS.C.Wooltwtonforp~of~~pnparationsandDr.D.F.~ 
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