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Abstract-Monophenolase and o-diphenolase activities of polyphenol oxldase are usually thought to be a part 
of the same enzyme complex It has now been demonstrated that the two catalytic actlvmes of the polyphenol 
oxldase of wheat grams are separable and reside m different enzymes The electrophoretlcally separated mono- 
phenolase enzyme showed specificity only for monophenol (L-tyrosme) after its elutlon from acrylamlde gels 
Further, this enzyme 1s confined to the endosperm tissue and IS undetectable m the embryonic region of the seed- 
ling 

INTRODUCTION 

POLYPHENOL oxidase, commonly referred to as tyrosinase, is of wide occuirence in plants, 
animals and micro-organisms. This enzyme catalyzes the oxidation of mono, di- and poly- 
hydric phenols. Previously it was reported that the monophenolase (cresolase) and o- 
diphenolase (catecholase) activities are located on the same enzyme molecule. The mono- 
phenolase activity is less stable than the o-diphenolase activity.’ Depending upon the pro- 
cedure ofpurification, this enzyme can be obtained with high monophenolase or o-dlpheno- 
lase activity. Polyphenol oxidases isolated from peach,’ tea,3 tobacco,4 banana5 and 
Bunus have only o-diphenolase activity. In animal system, a pteridine dependent tyrosine 
hydroxylase (monophenolase) is reported, in addition to the existence of tyrosinase with 
mono and diphenol functions.7 In Sorghum, three phenol oxidase activities have been 
separated by Sephadex GlOO gel filtration. A high MW form has both monophenol and 
diphenol oxidase functions; an intermediate MW form exhibits only a diphenol function; 
while a low MW form shows monophenol activity and may possess weak diphenol acti- 
vity.’ However, the classical polyphenol oxidase 1s considered to be a single complex hav- 
mg independent sites for monophenol and diphenol functions.‘-” In this communication, 
we report the electrophoretlc separation of monophenolase and o-diphenolase activities 
of wheat polyphenol oxidase which are associated with different enzymes. 

1 MAPSON, L W (1961) In: Blochemtst’s Handbook (LONG, C ed), p 375, E 8c F, N Spon, London. 
’ WONG, T C, LUH, B S and WHITAKER, J R (1971) Plant Physlol 48, 19 
3 GREGORY, R P F and BENDALL, D S (1966) Blochem J 101, 569 
’ CLAYTON, R A C (1959) Arch. Btochem. Blophys. 81,404 
’ PALMER, J K (1963) Plant Physlol 38, 508 
6 LANZARINI, G, PIFFERI, P G and ZAMORANI, A (1972) Phytochem 11, 89 
7 SHIMAN, R, AKINO, M and KAUFMAN, S (1971) J Blol Chem 216, 1330 
8 STAFFORD, H A and DRESLER, S (1972) Plant Physlol 49, 590 
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RESULTS AND DISCUSSION 

Polyphenol oxidase, isolated from mature grams of wheat, was tested for activity with 
mono- and diphenols as substrates (Table 1) All 3 fractions showed high o-diphenolase 

activity with catechol, whereas the monophenolase activity was extremely weak when 
tested with L-tyrosme. Since this enzyme is known to exist m multiple forms,“3’” we have 
separated the isoenzymes of polyphenol oxidase on acrylamrde gels and studied their rela- 
tive substrate specificity for monophenols and diphenols. In crude extracts, the polyphenol 
oxidase showed 6 bands of isoenzymes after mcubatmg the gels with DL-dopa and a smgle 
broad band with L-tyrosme. No bands were visible on gels incubated with other mono- 
phenols such as phenol, p-cresol and vanilhc acid. Therefore, for all subsequent exper- 
iments L-tyrosme was employed for staming the gels for monophenolase activity The band 
obtained with L-tyrosme m crude extracts was a single fast movmg band which did not 
overlap with any of the SIX bands of o-diphenolase activity. This Indicated that the catecho- 
lase and cresolase activities may be associated with different multiple forms. Smce a feeble 
band of monophenolase activity appeared with L-tyrosme, attempts were made to obtam 
enriched fractions ofpolyphenol oxidase. Ammonium sulphate fractionation together with 
precipitation with ethanol were employed for concentrating the activity of the preparation 
(Table 1). Further studies were confined to alcohol Fractions I and II The gel electrophor- 
etic pattern of Fru~t~~z II revealed 7 bands of o-diphenolase activity and two of mono- 
phenolase activity when 2 separate gels were Incubated with DL-dopa and L-tyrosme rc- 
spectively. However, it is sigmficant to note that out of the 2 bands obtained with L-tyro- 

sine, one was m a position which coincided with some of the bands obtamed with 
diphenols, while the other was characterrstic in occupymg a position on the gel where no 
o-diphenolase activity was observed m the correspondmg gel. Thus there could be a possi- 

bility of the existence of isoenzymes which carry either monophenolase or o-diphenolase 
activity. This view has been further elucidated on exammmg the electrophoretic pattern 
of polyphenol oxidase m Fractrorr 1. In this Fraction, it has been possible to achieve the 
complete separation of o-diphenolase from monophenolase activity Four bands of o- 

diphenolase activity were observed when the gels were Incubated in r,L-dopa and a smglc 
band of monophenolase activity appeared with L-tyrosme Comparison of the gels of F~rc- 
tzorz I clearly showed that the monophenolase acnvity appeared m a position distinct from 
the isoenzyme bands of o-diphenolase activity. These studies indicated that the catalytic 
sites of o-diphenolase and monophenolase do not reside m the same enzyme complex m 
Fractron I Since previous workers have considered cresolase and catecholase activities to 
be part of the same enzyme complex.“s’3 further characterization was necessary to confirm 
our findings regardmg the presence of two activities on separate enzymes. The fast moving 
monophenolase band was therefore eluted from the unstained gels of Fractro/~ II. re-frac- 

tionated on acrylamide gels and subsequently tested with mono- and diphenols No 
change was observed m the position of this band on gels; it retamed specificity for L-tyro- 
sine and showed no activity with r>L-dopa. Also the eluted fraction when tested colorme- 
trically, showed specificity for L-tyrosme as a substrate and did not respond to diphenols 
hke DL-dopa or catechol We, therefore, propose that the monophenolase activity is physi- 
tally separable from o-diphenolase activity and does not undergo any association or dlsso- 
ciation following its elution from the acrylamide gels. Further, we do not believe that the 
fast movmg monophenolase activity has lost its site for o-diphenolase activity during puri- 

I2 CONSTANTINIDES, S M and RI.IIFOW, C L (1967) J Food So 32, 446 
’ A .bJJ Y. R. I- 1R. &V3J3_ D A. ud. M_A.w_~ K S. (1.96’9). 1 &/II. Chwv. 244,. 1.59 3 
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fication steps, since this activity was also observed in a feeble form in our crude extract. 
Similarly isoenzymes showing o-diphenolase activity failed to give any reaction with L-tyr- 
osine even after prolonged incubation. 

The above studies on polyphenol oxldase were confined to the mature grams of wheat, 
where monophenolase and o-dlphenolase activities reside in separate enzyme molecules. 
One might argue that one of the catalytic sites in different isoenzymes becomes inactivated 
during the maturation of the seeds This posslbllity was ruled out after examining mono- 
phenolase and o-dlphenolase activities m the developing grains of wheat The study of 
polyphenol oxidase m the early stages of gram development revealed no detectable band 
of monophenolase All the isoenzymes exhibited o-diphenolase activity. However, the 
monophenolase activity appeared m the later stages of maturing grams and is physically 
separable from o-dlphenolase activity. I4 Similarly, there was no indication of the presence 
of both catalytic sites on the same enzyme during the germination of seed. The excised 
coleoptlle-root portion of 2-day-old seedling showed only o-diphenolase activity. On the 
other hand, the embryo-less half seeds, dissected from the seedlings, showed both mono- 
phenolase and o-diphenolase actlvltles which could be separated electrophoretlcally. The 
o-diphenolase isoenzymes were slow moving as compared to the fast-moving monopheno- 
lase activity. Thus, the developmental and germination studies of the grains lend further 
support to our view that the two activities of polyphenol oxldase represent two distinct 
enzymes in wheat. The similarity m the absorption spectrum of the end-product of L-tyro- 
sine and DL-dopa clearly indicated that the melanin pigment formed with mono- and 
diphenols is identical. 

TABLE 1 POLYPHENOL OXIDASE ACTIVITY IN DIFFERENT FRACTIONS OF WHEAT GRAINS WITH CATECHOL AND 
L-TYROSINE 

Substrate Time 
Absorbance umts at 430 nm/5 mg protein 

Crude extract Fraction 1 Fraction II 

Catechol 5 mm 045 17 20 
L-tyrosme 4 hr 0 25 04 05 

The mcubatlon mixture contamed 1 ml of enzyme fraction, 2 ml of substrate solution and 1 ml of 0 05 M phos- 
phate buffer (pH 6 6) Catechol(l0 mg/ml) and L-tyrosme (0 5 mg/ml) solutions were prepared m phosphate buffer 
(0 05 M, pH 6 6) Omlwon of substrate from the reactlon mixture served as control 

Since it is reported that the endogenous peroxides produced by ammonium persulphate 
are present in unwashed acrylamide gels,15 it was necessary to determme the possible par- 
ticipation of peroxldase activity m gels incubated with L-tyrosine and IX-dopa. In order 
to eliminate the presence of peroxides, electrophoretlcally washed gels were employed for 
the run. Such gels after staining with L-tyrosine showed a single band which was identical 
to the one obtained with unwashed gels. Thus, the band obtained with L-tyrosme in un- 
washed, as well as prewashed gels, could only represent a monophenolase catalyzed reac- 
tion. Similarly, there was no change m the pattern and number of o-diphenolase isoen- 
zymes when the unwashed and prewashed gels were stained with DL-dopa. The reason for 
not finding any contamination of peroxldes in unwashed gels could be explained on the 
basis that normally penetration and concentration of the enzyme fraction into the gels 
took nearly 60mm and after flushing the gels, the electrophoretlc run was completed in 

I4 TAN~JA, S R , ABROL, Y P and SACHAR, R C (1974) Cereal Chernfwy (m press) 
l5 SHEEN, S J (1972) Euolut~on 26, 143 
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another 60min. It 1s therefore very likely that the traces of peroxides are removed from 
unwashed gels durmg this time and that exhaustive prewashing of the gels IS unnecessary 
for our system. In order to further substantiate this view point. the unwashed gels were 
stamed with benzldine without the exogenous addltlon of hydrogen peroxide. No peroxl- 
dase isoenzyme bands appeared on the gels. Similarly, benzldme added to the unwashed 
gels, previously incubated with L-tyrosme solution prepared m 809, ethanol, did not shop 

any augmentation m the number of bands. On the other hand, the addltlon of hydrogen 
peroxide (lx), together with benzldme, was necessary to obtam the lsoenzyme bands of 
peroxldase activity Clearly therefore, no peroxldase isoenzymes would develop on un- 
washed gels with the substrate benzidme unless hydrogen peroxlde IS also added to the 
mcubatlon mixture. Thus the posslbllity of phenohcs reactmg with peroxldase bands due 
to contammation of unwashed gels with peroxides IS untenable, since the exhaustlvelq 
washed gels also showed activity band with r_-tyrosme. Obviously, therefore, peroxldase 
isoenzymes cannot react with L-tyrosine for want of hydrogen peroxide in our system and 
the appearance of fast moving band with this monophenol (I,-tyrosine) represents a mono- 
phenolase catalyzed reactlon 

EXPERIMENTAL 

Extract~or~ nnd preparatlov offractlons. Polyphenol oxldase was extracted from pondered wheat (100 g) gr (Trr- 
~KU~I aestwum, c v Sharharl Sonora) with 300 ml 0 05 M phosphate buffer (pH 6 6) The homogenate wab centrl- 
fuged for 10 mm at 13 000~ The supernatant (Crude Extruct) was precipitated with 604(, saturated (NH,)2S0, 
The ppt was suspended m 50ml 0 05 M phosphate buffer and the salt removed by passing rhe (NH,)2S0, frac- 
tlon through Sephadex G25 The G25 eluate was precipitdted with equal vols of EtOH at - 5 and centrifuged 
at 16 000 g for 20 mm The supernatant was retained for further fractlonatlon The pellet was an drlcd lo remove 
traces of EtOH, suspended m 10ml of phosphate buffer .md centrifuged at 20000y fol 1 hr to obtain ‘1 clear 
soln Thrs wa3 designated as R 0~‘tiu~l~ ; The supernatzznt obtdmed~ after ire EtGii S&T txas h iirer fixchumicd 

with same vol of EtOH as ddded previously The ppt wds suspended In phosphate buffer (IO ml) and I$ desig- 
nated Fraction II 

Enzyme assays The activity of polyphenol oxldase was measured co101 Imetrlcally <it 430 nm usmg catechol. 
DL-dopa and L-tyrosme as substrates The incubation mixture contamed I ml of the enrlmc fractmn, 2 ml of ,ub- 
strate soln and 1 ml of 005 M phosphate buffer (pH 6 6) The concentration of catechol nnd L-tyrosme ws~c 
10 mg/ml and 0 5 mg/ml respectively The substrate and the enzyme fraction were mtxcd after a pre-lncubutmn 
period of 2 mm at 37” Omrsslon of substrate from the assay mixture served as cont1o1 The lncrensed ,Ibsorb- 
anei? due k- ~?Zyme XtiYiPj iS Ci~PCSSCd &XT iTIg Of protar FiX L3SWy Of m~.ilri~.,l~,iabs- cl.Ct-rrS $3 i-in_ I C:ICOtl,l 
mixture contammg L-tyrosme was oxygenated for 5 mm prior to the addltlon of enzyme CXtrdCt 

iWym ylunmte yui cietiwphurrm Tire Crude E.WYKT any& Fractlon5 i. ii w~72 I un 011 ptriydcrqtidmlde gei 
(7 5%) electrophoresls using Trls-glycme buffer (pH 8 3) I’ The gels were also exhaustl\clq washed elcctrophorctl- 
ca’lly for a period of 6~hr before loadmg the samlr;es 01, the geis ’ ’ Tile Cm& L ct, trc’f. pcpreci irum xt-Jlmgb 

and the developmg grams of wheat were also run on gel electrophorcsis and tested with L-tyroslnc and nr.-dop,~ 
Approximately 1 5 mg of protem sample m lo’:, sucrose was ldyered over 5” o sucrose \oln on each gel column 
The gels were stamed m DL-dopa (I 5 mg/mi) L-tyrosme (0 5 mg!ml). phenol (1 mgml) p-cresol (I mg ml) ‘1nd 
vamlhc acid (I mg/ml) solns prepared m 80% EtOH and mcubated at 37’ for developmg the lsoenl)rnc bands 
of polyphenol oxrdase The gels were destamed and stored m 30”:) EtOH ” The fast mormg crcsoiasc activlo; 
from unstained gels of Fractlorl II was eluted with phosphate buffer (0 05 M. pH 6 6) and rc-fractlonatrd on fresh 
gei columns for testing its activrty Wtil illUilO- Ai>d~ dqSrmmis Tile pqxK~~tnrr1 w&i dir0 assayed~ cUic~Tlnrcl3 tcdiiy 

The elrried fractzon cvas exiracted from unstamed gels of fractmrr ii fro-m a regmn *inc+r corr’e\1~omkJ iu i,tsT 
moving monophenolase actlvitr ‘Wie gel segments (5 mm in length) ol this region WUL‘ exclscd from 31, gels 

mmced with a glass rod and stirred oonstdntly ulth 3 ml of phospbdtc buffer (0 05 M pH 6 6) fol :O min The 
gel rsas rzmo-ved by centriftigaa-tnn~ dnd ihr ~UJsTrdimi~- served- as ciuitcf iiact~on The exiract\ ui bidnh ft’i 
together with different substrdtes served as controls Each mcubation mixture contamed 0 7 ml elf cnzynri: extract 
from the eiuted fraction and was tested with U?ml of r,-tyrosme (0 img/ml in X0’:,, ttOH), 1)~ -dope (2 mg:ml 
ifi- Scph E;~f_f)-anT,$-eai~~hol-~2. mgjmi- m O-05 M pho@atc- b&l”,- soinx- rxqx~t~~ L’lg Tire- ah>‘rq mr\i-Llrc w:rs nrcu - 
bated for 4 hr at 37” For ascertammg the role of endogenous perorcldes produced flom ,immomum per\ulph,ltc 
in tke~unWaShed acrylainrde gels, ihe same were stdmed~with a soilr of ‘bcnclchnc sklnc. ,rrrd aib(r icrlh cqu,ii iroi> 

” DAVIS, B J (1964) Ann h Y 4cad SC! 121, 765 
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of benzldme and 1% Hz02 and subsequently cleared m 7% HOAc A satd soln of benzldme was prepared m 
25% HOAc Benzldme soln was also added to unwashed gels Incubated with L-tyrosme 

Protern assay The Crude Extract was precipitated with equal vols of cold 10% Ccl, COOH The pellet was 
suspended m 0 3 M KOH solution and the protem assayed by Lowry’s procedure” usmg bovme serum albumm 
as the standard 

I' LOWRY 0 H ROSEBROUGH, N J, FARR, A.L and RANDALL,R J.(1951)J.&ol Chem 193,265 > . 


