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Abstract--A 50- and lOO-fold mcrease m the o-dlphenolase actlvlty was observed respectively m excised coleop- 
tlies and roots ot^wheat seed~mgs atier germination tbr 45 dhys Kis increased activity was associated with the 
appearance of several new multiple forms of o-chphenolase on acrylamlde gels The embryo-less half-seeds dls- 
sected from seedlings, however, revealed only a three-fold increase m o-chphenolase actlvlty. wIthout any alter- 
atIon m the pattern ofmuitlple tbrms Cyciohexm-ud~ substantlaiiy mfnblted the activity andappearance ofmultI- 
ple forms of o-chphenolase, whereas actmomycm D failed to brmg about a smular response Protem synthesis 
was probably necessary for the formation of new multiple forms Unlike o-dlphenolase activity which was present 
m all parts of the seedling, the monophenolase activity was confined to the embryo-less endosperm A 57-fold 
mcrcase m monophenolase activity was observed m the embryo-less half-seed dissected from the seedling A 
single broad band of monophenolase developed on acrylarmde gels This persisted during the early period of 
seedgermination ~itiiout addition ot^new multlpie fbrms N-o mhibition ot^monophenoiase activity was observed 
m seeds treated with cycloheximlde or actmomycm D 

INTRODUCTION 

IN RECENT years, the regulation of enzyme induction m germmating and developing seeds 

of higher plants has received considerable attentlon.1-4 Experimental findings by many 

workers support the view that the modulation of enzyme activity may be controlled by 
a variety of growth substances. 5 Further, it has been observed that the increased enzyme 
activity could be either due to de nova synthesis’ or to actlvatlon of pre-existing enzyme.6,7 

At present, little mformation 1s available on the regulation of polyphenol oxldase in 
higher plants However, a few reports indicate that the activity of this enzyme is stimulated 
by the appllcatlon of ethylene* and mdoleacetlc acid.9$10 Tissue injury in sweet potato 
can also trigger the activity of polyphenol oxidase.1”‘2 The o-diphenolase activity in root 
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shces of sweet potato IS mhlbltcd by the addition of actmom~cul D. puromycm and blast- 
cldm S, mdlcatmg that the rise in activity results liiom the rk~> IKJ~O synthesis of the 
enzyme l3 

We have observed that the monophenolase and o-dlphenolase actlvltles of polyphenol 
oxldase represent two distinct enzymes in wheat gram I4 The acti\:lt> of thcsc cnqmes. 

particularly that of monophenolase. IS low m mature seeds. Prehmmar> obscrvatlons mdl- 
cated that the activity of o-dlphenolase IS considerably mcrcascd dtu ~ng seed germmatlon 
Such enhancement could operate at transcnptlonal or trar&tlonal level. or represent a 

case of actwatlon of the dormant enzyme Srnce po}pphurrol oxrdas~ i5 krruwrr to cxrst rri 
multiple forms. ls stimulation of this enzyme may hc assoclatcd with the appear ante of 
new multnnerlc forms We have now studied the mductlon of monophenolas~ and o- 

dlphenolase m germmatmg seeds of wheat. Inhibitors of KNL\ and protem synthesis were 
employed for determining the level of control durmg mductlon of the\e cnr>mcs 

Activzty and multiple forms of’o-dlpherzolusr uz whwt wtllm~ 

The o-diphenolase actlvlty Increased from 0.3 A umts:‘mg protemimm b! nearly 25-fold 
durmg the first 24 hr of seed germmatlon Thereafter, actlvltj declined on the 3rd day to 
a value 20y0 greater than that found m ungermmatcd seed Suhscquently. activity 
showed a slight increase to the 6th day of seed germination lvh<n It uas 0 3 A umts,:mg 
protein/mm 
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Days after germlnotlon 

The crude extract prepared from mature grams Ievealed SIX multiple forms of o- 
diphenolase actlvlty on mcubatmg the gels with IX -DOPA (Fig I) Two new bands 
appeared after 24 hr germination and two more multlplc forms appeared 1n2-day-old sced- 
lmgs In addition to these, some of the pre-exlstmg bands showed higher actlvlty and one 
of the slow-movmg bands present m the mature gram could no longer be detected on the 



Polyphenol oxldase m germmatmg wheat seeds 2697 

gels. Thus, in a 2-day-old seedling, there were 9 multiple forms showing o-diphenolase acti- 
vity and 11 bands were observed on the 3rd day of germination. Thereafter, the pattern 
of multiple forms remained essentially unaltered, except that some of the bands gave a fee- 
ble reaction with DL-DOPA. Ten multiple forms of o-diphenolase were found in a 6-day- 
old seedling. Srgmficantly, the two prominent fast-moving multiple forms found 2 days 
after germination persist with the same intensity during subsequent stages of seed germina- 
tion. 

TABLE 1 ~FFECToFCHLoRAMPHENICOLANDCYCLOHEXIMIDEONTHEO-DIPHENOLASEACTlVITY 

No Addltlons 
o-Dlphenolase activity 

(A units of 430 nm/mg protein/mm) o/0 Of control 

None 
Chloramphemcol (200 pg/ 
ml) 
Cyclohexlmlde 
(a) 1 lg/ml 
(b) 2 pg/ml 
(c) 5 pglml 

0 24 100 

024 100 

0 29 120 
033 137 
038 157 

The crude extract was obtained from seeds germinated m presence of antlblotlcs for 48 hr and the activity of 
the enzyme assayed with catechol (I 0 mg/ml) 

The appearance of multiple forms of o-diphenolase IS known to occur by the pheno- 
menon of association of monomerrc subunits l5 The fast-moving multiple forms which 
appear during germmatron of wheat seeds possibly represent monomers. This was revealed 
by experiments with sodium dodecyl sulphate (SDS). Treatment of crude extract (from 
embryos dissected from 2-day-old seedlings) with SDS (0 1%) and mercaptoethanol(0 1%) 
led to the dissocration of multiple forms mto a fast-moving band of very high intensity 
which comcrded with the two fast moving bands of the untreated extracts. 

TABLF 2 EFFECTOF CYCLOHFXIMIDF. ANDACTINOMYCI~ DON THE ACTIVITY OF O-DIPHENOLASE OF FMBRYOS AND 
EMBRYO-LESSHALF-SEEDS DISSECTEDFROM 2-DAY-OLD SEEDLINGS 

No Additions to seeds 

Excised embryos 
o-Dlphenolase actlvlty 

A units at 
430 nm/mg Inhlbltlon 
protein/mm (“/,) 

Excised embryo-less half-seeds 
o-dlphenolase activity 

A units at 
430 nm/mg Inhlbltlon 
protein/mm (%) 

1 None 150 057 
2 Cyclohexlmlde (5 &ml) 69 54 047 18 
3 EtOH (l’;b) 70 53 037 35 
4 EtOH (1%) + actmomycm D 

(50 pg/ml) 67 54 040 30 

The seeds were germinated in the presence of antlblotlc for 48 hr Smce actmomycm D m Its final concentration 
contamed I”/ EtOH, seeds grown m the presence of 1% EtOH served as control for the above treatment 

The possrbrlity of de ylouo synthesis of o-diphenolase was tested by making use of inhibi- 
tors of protein syntheses. When wheat seeds were grown for 48 hr m the presence of cyclo- 
heximtde (1-5 pg/ml), there was a gradual decline in the number and intensity of the newly 



appearing multiple forms. Out of the nme multiple forms observed m the control. the antl- 
biotic (5 ,ug/ml) completely ehmmated five forms and the remammg bands gave only a fee- 
ble activity. Although one would expect low actlvlty of this enzyme m cyclohexlmlde- 
treated germinating seeds, there was m fact a stlmulatlon m the activity of o-dlphenolasc 
(Table 1) This discrepancy was resolved when we exammed the activity of this enzyme 
m diErent morphologIcal parts of the seedling. C‘ycloheulmlde inhibited the actlvlt) of 
o-dlphenolase m excised embryo but not m the embryo-lcys grn~n tissue (see Table 3). 
Unlike cyclohexlmlde, ch~oramphemcol(200 Lrg,!mT) showed no mhlbltlon ofmultq?lc form> 
and actlvlty of o-dlphenolase (Table I ) 

No mhlbltlon ofo-dlphenoiase actlvlty was observed m seeds germmated m the presence 
of actmomycm D (12.5, 25 and 50 /Lg/ml) and also the number of multlplc bands remained 
unaltered on acrylamlde gels 

A preliminary observation indicated that the activity of o-dlphenolasc varlcs in different 

morphological parts of the seedling We therefore determmed the relative actlvlty of o- 
diphenolase m root, coleoptlle and embryo-less gram excised from seedling at various 
stages of seed germmatlon Roots possessed the greatest actlvlty, followed by colcoptllc. 

while the embryo-less half-seed (endosperm) sho\ved only a low actlblty (Fig 2) SIKC 
It was not feasible to separate coleoptllc from root m l-day-old seedlmg. the stud] at this 
stage was confined to the excised whole embryos There was a I ST-fold Increase m the (I- 
diphenolase activity In one-day-old embryonic tissue 

c 

Days after qermlnotlon 

Two multiple forms of o-dlphenolase were observed m embryo dissected from unger- 
minated seed. The embryos excised from 24-hr-old seedlings showed several new multiple 
forms. In addltlon, one of the bands m ungermmated embryo showed high activity on 
acrylamide gels (Fig. 3a). 
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The o-diphenolase activity in roots continued to increase for 4 days and then showed 
a slight decline (Fig. 2). The roots exhiblted a 10%fold increase in o-diphenolase actlvlty 
over the embryos dissected from ungerminated seeds. Roots excised from 2-day-old seed- 
lings showed 11 multiple forms on acrylamide gels. Thereafter, the pattern remained un- 
changed except for the addition of one band in 3-day-old and another slow-moving band 
in Sday-old roots respectively (Fig. 3b). 

Embryo Roots 

(+) 
2 3 4 5 6 

Time. days 

Coleoptlles 

(+) 2 3 4 5 6 

FIG 3 (a) SCHEMATIC REPRESENTATION OF ACRYLAMIDE GEL ELECTROPHORESIS OF O-DIPHENOLASE MULTI- 

PLE FORMS IN crude extracts OF EMBRYO EXCISEDFROM UNGERMINATED SEED (0) AND 24-hr-OLD SEEDLING 

(1) 
(b) o-Dlphenolase multiple forms on acrylamide gels m roots excised from 2, 3, 4, 5 and 6 day-old seed- 
ling (c) o-Diphenolase multiple forms on acrylamlde gels m coleoptlles excised from 2. 3, 4, 5 and 6 
day-old seedlmgs ‘The gek were stamed with IN -DOPA (1 5 mg/ml) n . High dctlvlty . 

vlty. Gl. low actlvlty 

The o-diphenolase activity in coleoptlles was approximately 50;/, less than that in roots, 
but was substantial in comparison with the embryo-less half-seed (Fig. 3~). There was a 
52-fold increase m o-dlphenolase activity in extracts prepared from coleoptile tissue (Fig. 
2). Five fast-moving multiple forms o-diphenolase were observed in 2-day-old seedlings, 
of which two became mtense at subsequent stages of coleoptlle development. Also, two 
slow-moving bands appeared in 4-day-old tissue, followed by the addition of a single band 
6 days after germination. Thus m all, there were 8 multiple forms of o-diphenolase activity 
in coleoptiles (Fig. 3~). 

The o-dlphenolase activity in the embryo-less half-seed increased until the 4th day of 
germination and then it remained more or less constant. A 3-fold increase m o-dlphenolase 
actlvlty was observed in the embryo-less half-seeds dissected from 4-day-old seedlmgs. Four 
slow-moving multiple forms were present m the embryo-less half-seed dissected from 
mature grain and these persisted without any alteration in germinating seeds. 
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Seeds germinated m the presence of cycloheximlde showed a retardation of embryo 
growth. Cyclohexlmide caused a 54 y,; inhibition of enzyme activity m isolated embryos 

(Table 2) with simultaneous disappearance of several multiple forms of o-dlphenolase No 
significant change in the actlvlty (Table 2) and gel pattern of o-dlphenolase was observed 
m embryo-less half-seeds dlssected from cyclohexlmldc-trcatcd seeds 

The &cct ofactrnomycm Dun o-d~phenolacc activity tias aiso atudrcd VI cxclsed ern’qos 
and embryo-less half-seeds (Table 2) As actmomycm D solution (50,~g;ml) contained l”,, 
EtOH, the control seeds were also soaked m the same concentration of EtOH EtOH 
(I “;,)* reduced the activity of o-dlphenolase m dlsyected embryos to 5.3”C, and the newly- 

formed bands gave a feeble reaction on acrylamlde gels Actmomycm D neither decreased 
the actlvlty nor affected the pattern of multiple forms over that of controls. Suntlarly, 
actmomycm D caused no detectable change m the actlvlty and multiple forms of o- 
dlphenolase in embryo-less half-seeds 

Monophrnoiase actrurtj 

The dry seeds of wheat showed low activity of monophenolase which increased several 
fold followmg germination. The enzyme extracts prepared from Isolated roots. colcoptlles 
and embryo-less half-seeds were tested with L-tyrosme for studying the monophenol 0x1- 
dase function The monophenolase activity appears to be restricted to the gram as no such 
actlvlty was detectable III coleoptllc and root tlssucs Further studies on mnnophenolase 
were therefore confined to the embryo-less half-seed dissected from the scedlmg. There was 
a five-fold increase m monophcnolase activity m the first 24 hr of germmatlon This level 
oractivity was mamtamed m a 3-day-oId seedlmg. A second rise m actlvlty was ohservcd 

on 4th day of seed germination. Finally m a 6-day-old seedling, there \+as a seven-fold m- 
crease m monophenolase activity over the embryo-less half-seed dlssectcd from unger- 

mmted gram CYcToheximldc and actlnomycm D fillled to mhlblt the actlllt) of mono- 
phenolase m embryo-less half-seeds, 

Enr;yme extracts prepalcd from the gram tissue met-c fractionated on acrylamldc gels 
and tested with L-tyrosme The fraction obtained from ungermmatcd seeds showed a smgle 
fast-moving band of monophenolase activity The same band gave mtense actlvlty wlthout 
any alteration m its posltlon on gels m the germinating se& There was no further addi- 
tion of multiple forms m l-6-day-old seedlmgs 

Previous workers have reported a t&o- to five-fold mcrcase m polyphenol oxtdase act]- 
vlty in developmg tissues ofa variety of higher plants ‘,” “.16 In the present mvestlgatlon, 
we have measured the actlvlty of monophcnolase and o-dlphenolase m gcrmmatmg seeds 
of wheat. The total rise m o-diphenolase actlvlty was only two- to three-fold However, 
an altogether different picture emerged when actlvlty was measured m the isolated parts 
of the seedling Compared with the whole seedlmgs. the excised coleoptlles and roots 

‘I When the concentration of EtOH was mclensed from I to 5”;, durmg seed gcrmmatwn. there was IUI thcr 
mlutxtlon m the actlvlty and appearance of new mult~plc forms Howew addltlon of EtOH to the CI udc cxtl act 
had no mhlbltory effect on o-dlphenolase actlwty 

‘(’ HI<,1 C ,,, T ! lY6h) +I I< HI/l/ where! 211, 667 
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revealed a considerable stimulation of o-diphenolase activity. A 50- and lOO-fold increase 
in the enzyme activity was observed m coleoptile and root tissues respectively, whereas 
the embryo-less half-seed showed only a three-fold increase. Clearly, therefore, the bulk 
of the enhanced activity was located m the embryonic region of the seedling. This, how- 
ever, was masked to a considerable extent rf the activity was measured m the whole 
seedlings. 

We have shown that the multiple forms developed on acrylamide gels with L-tyrosine 
and DL-DOPA truly represent polyphenol oxidase activity in our system.r4 The phenolics 
could serve as substrates for peroxidase activity bands, provided peroxides are available 
in the gels. SheenI has reported that unwashed gels are contaminated with peroxides pro- 
duced by the polymerizing catalyst, ammonium persulphate. Crude extract fractionated 
on exhaustively washed gels and subsequently stained with L-tyrosine and DL-DOPA 
showed the same number of multiple forms as observed on unwashed gels, thereby exclud- 
mg the possibility of an artifact caused by peroxrdase activity bands. It appears that 
exhaustive washing of gels was unnecessary in our system and that peroxides were possibly 
eliminated during the period of 60 mm, when concentrating the protein sample on gel 
columns. 

The mducibrhty of o-diphenolase during seed germination may be correlated with the 
appearance of several new multiple forms The quiescent embryo possessed two bands of 
o-diphenolase activity. The number of multiple forms increased m the embryonic region 
of the seedling, there being 8 bands m coleoptile and 13 in root tissue. The electrophoretic 
mobility of multrple forms of o-diphenolase also varied in different regions of the seedling. 
The embryo-less half-seed showed only four slow-moving bands, while the roots and col- 
eoptrles possessed both slow and fast-moving multiple forms, some of which were common 
to both tissues. 

Actmomycm D had no effect on the activity and multiple forms of o-diphenolase. The 
occurrence of stable rrrRNA capable of supportmg protem synthesis is already reported 
in germinating wheat embryos. ’ 8 The lack of inhibition of o-diphenolase activity by actino- 
mycm D m our system could be due to the existence of a stable form of mRNA for coding 
polyphenol oxidase. Cycloheximide inhibited the actrvity of o-drphenolase in excised 
embryonic tissue, while its effect was not so severe m the embryo-less half-seeds. Also, the 
newly appearing multiple forms of o-drphenolase were inhibited to a considerable extent 
m seeds germinated m presence of cycloheximide. These experiments favour the view that 
the increase in o-diphenolase activity in excised coleoptile and root tissues could be due 
to the de nova synthesis of the enzyme. The situation, however, is somewhat different m 
root slices of sweet potato, where the activity of o-diphenolase is reported to be inhibited 
both by actinomycm D and puromycin.’ 3 

Whereas the o-diphenolase activity was prevalent in all the morphological parts of the 
wheat seedlings, the monophenolase activity could be detected only m the gram tissue. 
Further analysis of the grain revealed that this enzyme is confined to the aleurone layers 
and is not found in the endosperm tissue. l9 A seven-fold increase in the activity of mono- 
phenolase was observed in embryo-less half-seeds excised from 6-day-old seedlings. How- 
ever, no new multiple bands of monophenolase were formed during seed germination. In- 

" SHWN S J (1972) EIJ~~LUKVI 26, 143 
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I9 TA\I JA. S R and SACHAR, R C (1974) Plunta (Bcrl ) 116, 133 



stead. a smgle broad band. mltlally present m the ungermmated seeds pcralstcd m I ~&day- 
old seedlmgs. No InhibItion of monophenolase actlvlty was observed m seeds germmated 
in presence of cycloheximlde or actmomycm D The enhanced actlvlty of monophenolase 
during seed gcrmmatlon can be taken as an indication of cruyme actlvatlon and not due 
to de IKIIYI synthesis 


