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A&rat The GA,-malutad actlvaLlon of monophenolax (about IZ-fold stlmulrtion) In embryo-less half-seeds of 
wheat was numlcked by the rddltlon of morpnx phosphate (PL 30 mM). Sumlarly. the hormone-loduad rltcrod 
mokcular properttes of monophenolase. such as the shift In rhe pH optimum towards rlkahnlty @H 9 0). the reht~vely 
mcrasal thermostability of the enzyme at 55” and the ctunged pattern of muhipk forms of the enzyme. werr also seen 
an R-treated half-se&s. Furthermore. the simultaneous addltlon of GA, and PI 10 what hlf-seeds showed no 
cumulative efTact on the enhanament of monophenolase activity. This mdwrtad tht both GA, and Pi regulated 
monophenolase actlvlty through a common mochaurn. Abscwc rod cffax~vely blocked the GA,- and Rdlrccted 
sttmulatloo of monophenolase. Sma GA, treatment of tulf-sads mcrased the free pool of Pi (23fold). we ennnge 
1ha1 the R-m&ad actlntlon of monophenohu IS of physiological rekvaoa in our sptcm. How-r. the in LWO 
rddltlon of PI (50 mM) to water-lmblbcd aotrol half-seeds (48 hr) dunng enzyme extractIon fukd 10 actante 
monophenohse. WC thusconslder that the high pool of Pi.genental by GA, In half-s&s.or even rhe dir- l ddltlon of 
Pl 10 half-seeds rn (‘11~. Wm.5 naxssq for some metabolic events which eventually lngger the acuntlon of 
monophenolase. 
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I\lSODLCTIO* 

The acctlvatlon of phcnolucs has ban reported by the MI 
LWO treatment of enzyme prepuatlons wnth vrnous 
chemr;rls [I]. A short exposure of cbloroplast prepu- 
ations IO rad (PH 3.c3.5) and alkali (pH 11.5) resulted In 
the actlntion of talent phenolascs in Vulo job0 [2,3] 
Actlvrtlon of phenolascs has rho baa obKNad by 
lreatmp the enzyme fractions with detergents [4], trypsm 
[S] and urea [6]. It has ban suggestal ttut conforma- 
t~onal changes In the preformed enzyme molauk could 
be raponslble for the acctivatlon of pheaolascs [7]. In 
mushroom and avocado tyrosmase was ac~vr~al by the 
addition of hydrogen perolrdc (6 mM) and hydroxy- 
lamme (I 5 mM) durmg the rusy of the enzyme. Roth 
chemx~ls are raponubk for ralucanp the lag period of 
tyrosme hydroxylatlon [8.9]. 

Phytohormoncs (GA, and l uxm) have ban Implicated 
In the regulallon of pbenohscs In plant alb [lCrl4]. 
Eukr, we showed that the stlmuktlon of mooophe- 
nolase actlvlty by GA, was broubt about by the act~v- 
atlon of preformed enzyme molecuks II) 01~0 [I& 12). The 
rt~vatd mooophenolase exhrktad alteral mokcular 
propert- such as a shift IO the pH optimum, relatively 
high thermosublhty of enzyme and alteral ebctropho- 
retlc mokLty of IIS multlpk forms [ I I]. Subsequently. we 
observal IWO activity peaks of mooopbeoolase in reponse 
IO GA,-tratment and only ooe tn cootrol half-seeds [ 12). 
Hormone treatment of half-scads posstbly briap about 

some conknt modlfiatlon of the pcrfonned enzyme that 
could be ruponrrbk for the actlvallon of monophenolxse 

[Il. 121 
In the praenl mvcsttptloo. we hvc obscrvcd that the 

sumulalron of mooopbenolase actlnly by GA, can be 
mimrked by the exogenousrdditioo of PI (SO mM) under 
in vwu condlllons. Absastc acd efTec~vely blockad the 
act~vat~oo of monophcnotieltitad both by GA, and PI. 
Sma GA, eohanas the free pool of PI. we conuder that 
the acbntlon of monopbeookse In hormone-tralcd 
half-sea% IS also dependen on the high kv& of PI. 

RESL LTS 

Srwbtm 01 ~~nophenolase nrm~ry by mrgonu phos- 

phm lofls 

Ioourar~rcommunwrtionr[I1.l2].wereportedthe 
ac~ntion of monopheeolasc (7-9-fokl al pH 9.0) by the rn 
UIDO rpplwrtlon of GA, 10 embrycksx half-seeds of 
wbca. We hvc now obecrvcd tht the enhancement of 
mooopknolasc rc~nty. cbaal by GA,. can also be 
rhzvad by lmbtknp half-seals of wheal In a mal~um 
&ntairuog loorganic phospharc (PI. 500mM; Table I). 
Thus, PI ~kcunly mlrmQ tbc acuon of phytobormooa 
In regulatm~ rhe rtinty of monophenoLw in what 
system. Flgurt I dqcts the act~nty profiks of monophc- 
whse as a functron of the PI conantntion. A ugmfrcant 
cnbncuncnt of mooophcnolue (l2- I3-fold) was ob 
)cNdd tn half-sads lmbtbed IO 40 mM PI (FIN. I). 
However. arkWoo of R 10 cootrol half-&s (50 mM) 
dunly enzyme cx1ractloo. or 11s prcxena dunng the assay 
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Trbk I Sumulrlron of monophenolaw UWII~ by GA, and 

morgantc phosphtc and IU mhtbwon by ABA m embryo.& 

hlf.uals of Whal 
- _ - 

Honophenolase wirity 

Adbuons 
A.:,, mu RClrlIbC 

mu prorcm UIlnI) 

Conlrd on4 I 0 

GA, I10 ‘WI 050 I25 

R (5OmMl 0 5.’ 110 

GA,110 ‘HI+ PI I5OmM) 048 I20 
GA,lIO”Ml+ABA (Jx IO ‘Ml 009 225 

Ptl5OmMl+ABAl5x IO ‘Ml 009 2 25 

The half-s&s were tmblba6 m the prcxnu of GA,. PI. tiA, 
+ R. GA, + ABA and PI + ABA for 48 hr l t 25 in dark Ihc 

cnq~nc uuvuy wax ~yu.4 cn a darlted INH,I:SO, fraccmn 

paipiute ll@ 50’. s6Inl 

-. 

k 18 I Sum&lion of monophcnoluc aIinty LI 6 fumlon of 

PI concnwalion The half-seeds were lmblbed in the pmncc of 
dllTercnI cwwnIraI~ons of PI 10 50 mMl for 48 hr The enzyme 

KI~wly ~1% assayed In dulysed crude c%IraI% 61 pH 7 0 and 9 0 

of enzyme. faded IO stimulate the act~rrty of monophc- 
nolasc over [hat of the controls On the other hand. 
enzyme CXIIacl (30 50”, ammomum sulphatc fracbon 
prcc~p~ta~elprgrcd from PI-Imbibed half-sads retaIned 
hqh monophenolase xtw~ty even after removal of PI by 
cxhausbvc du4ysIs agamst Trls-HCI bulTer 120 mM. 
pH 7.0). Thcsecxpcnmcntsckarly demonstrated that PI IS 
not directly rcsponsIble for the enqmc actlratlon We 
speculate that the rn WY) addltlon ol PI to half-seeds IS 

necessary for some metabohc events that eventually result 
m the l ctIvatIon of monophenolav 

Alrtwd molrcular propmw~ oj monophmoluw rn PI- 

lrtomi hulj-sttdr 

Since R mlmlcked the actIon of GA, m stlmulatmg 
monophenolase actlvlty In wheat half-seeds. our next 

cxpcnmcnt wu lo compare the mok4ar properties of 
the enzyme In GA ,- and PI-treated half-s&s The actlvlty 
profiks of monophcnobsc u a function ol pH were 
remarkably similar In GA ,- and R-treated half-seals (b 18 

2). In both, there wu a shrCI In the pH optimum towards 
alkahmty tpH 9.0) In comparison with the controls (pH 
70. Fig. 21. We also compared the pattern of multlpk 
forms of monophcnoliuc In GA,- and Pi-treated half- 
saxis In both. two multlpk forms of monophenolasc 
could be physwllly scparalcd by Scphacryl S-200 (PIN 3) 
The clubon profik of IWO actIvIty peaks (peak I. peak Ill 
by mokcular sKvIng was ldentwl In GA,- and PI-treated 
half-scuds. T?IIS IS m contrast to control half-sads where 

“:L-z- 
6 , ll 9 10 

DH 

Fq 2 The pH WIIVII~ pc&k, of monopbcnoLw m the control. 
GA,. rnJ R-tratd hlf-sads The INH.~$O. frrvon pre. 

cipiUIc 130 50.. utnl was uled for Ihe wy of monophenokv 

ac~wty JI dltTercnI pH values I~H 6G 101 

FI& 3 .WulIlpk forms of monophenolru In GA,. rnd Pt. 

treated hlf-seeds of rhea1 An 6LquoI l2ml. 30~)~) of 

lNH.l,SO. fratron prsopwc 130 50’. utnlws loaded on the 

Sepha~l S2UO for the wpMIlon of multlpk form, of mono- 

phenolau The arrow cnduta the rotd rolume I 1 o - 68 ml) of 

the column 



lnorpnw pbptutc rmmrca GA, yt10a In wtinttn~ monophcnolu 613 

only a unglc molecular form @eak III was reported by us 
(12). Tk M, of peak I is 180ooO. whrk that of peak II IS 
45000. Thus, m control half-seeds, only tk bw M, form 
wuobscrved[ 121 whrkmGA,-and R-treated half-s&s 
both tk low and hrgh .%f. forms were pmt. Pak I 
appears to k a tetramcnc form and u pourbly formod by 
the ohgorncruatton of the low M, form. SINX both the 
acttvtty peaks m GA,- and R-treated half-sads showed a 
shtft m pH opttmum (data not presented. [ 12)). we 
cons&r that the enzyme m both GA,- and PI-treated 
half-sads has Fbiy undergone a stmtlar covalent 
modthutfon 

Smce GA,-trcatmcnt of half-seeds IS known to confer 
heat stabthty to monopknolasc enzyme acttvtty [ I I J. WC 
compared tk thermostabthty of thts enzyme m PI. and 
GAS-treated half-seeds from then hat macttvatron 
curves In both treatments. tk enzyme was relPttvely 
thermostabk at 55’ There was no substantu) dccrasc m 
the enzyme activity tn R- and GA,-trcatcd (8 100,) half- 
seeds of wheat. whtk the enzyme wola~cd from control 
half-seeds showed a ugntkant loss (709,)of actlvtty (data 
not presented, [I I]). Thus. rt IS evident that tk altered 
molecular properties of monophcnolasc reported carkr 
rn GA,-treated half-sads [I I, 121 are also sun m PI- 
trutcd half-seeds 

We tkn went on to determmc whether GA,~mcdurtcd 
acttvatton of monophenolase actrvuy could k achrcvcd 
through tk mtiuktton of PI levels rn ttw). Thts aspat 
was tcsted by meuurrng tk fra pool of PI m the 
tmbtbitlon m&urn of control and GA,-trutcd half- 
seeds WC observed aconustent tncreasc m tk frce pool of 
PI (2 5-foldfovcr that oftkcontrol. Thurtt appearsthat 
sttmulatron of monophcnobsc by GA, IS mcdtatcd by the 
rise in tk kveb of PI Thts IS quite tcnabk smoe PI alone 
can mrmtc the actron of GA, tn acttvatmg 
monopknolase 

Sttmularran oj phosphoram hu GA, In whrar ha/j-wrd.s 

Srncr GA, 1s known to enhana tk acttnty of many 
hydrolyttc cnzym tn wheat and barley half-seeds [ 151. 
WC thought that tk hrgh pool of R tn hormone-treated 
trssuc couM k due to mcrascd acuvity of phosphallKs 
GA, treatment of half-sads dd enhance tk rttvmcs of 
acd phosphatasc O-fold) and also that of alkalmc phos- 
phtasc (7.fold). The GA,tltcttcd phospha~ actlnty 
could thus account for the tncrascd kvcls of R rn wheat 
half-seeds. Howcvcr. exogenous addttton of PI t5OmH) to 
tk tmbtbttton me&urn showed no mcrcasc m tk kvcls of 
phosphawcl over those of the controls 

lnhrbrlron oj monophnolaw acrrwry by ABA 

Abnsr actd (5 x IO- ’ M) not only mhrbttcd tk GA,- 
sttmulPtod monopknoksc acttnty (82 “/,) but wasequally 
potent in blocking the R-acttvatcd monopknoiasc ac- 
tivity rn what half-so& (Tabk I). WC also chcckcd tk 
&cc of ABA on tk acttvtty of phosphatascs A sigmfi- 
cant mhtbttton of both a& and l lkah phospbtasc was 
obrcrvod in the prcscna of ABA (data not pramtad) 
Conconutantly ABA also brought about a conatdmb& 
dcchnc (72:. in~bftion) tn tk free pool of R m GA,- 
treated half-seeds. Thus, rt appears that ABA can block 

tk acttvation of monopknohsc by opcratmg at multrplc 
utcs. 

OW’KSION 

The prcscnt mvesttgatton provtda a furtkr clue to the 
undmtandmg of tk mode of actton of GA, m tk 
rcgulatton of monopknotaseacttnty Inembryo-kss half- 
seeds of what EorLicr, WC showed that the sttmulatton of 
monopknolaac acttnty by GA, m wheat half-so& was 
assocuted wtth tk altered molccuhtr propcrtta of the 
enzyme The acttvatron of monophenolase by GA, 
possrbly occurs through some post-translattonal modth- 
catton of tk preformed enzyme Tk praosc nature of the 
structural mod&carton of monopknolasc ts so far not 
known [I I. 12). 

The prcscnt finding ks rev&cd that tmbtbrtton of half- 
seeds rn a mcdtum contammg R (5OmM) rermrkably 
mtmw tk actton of GA, m stimubtmg tk acttnty of 
monopknolasc The enhanamcnt of monopknolasc 
acttvtty m R-trcatcd half+ocds also rcprcsents a cast of 
enzyme acttvatton. Thus contention IS supported by the 
fact that tk enzyme cxhtbttcd altcrcd molsuhr pro- 
pcrtres. such as a shtft tn the pH opttmum towards 
olkaltmty (pH 90). rclattvc thcrmostabtlrty of the enzyme 
and an altered pattern of multtplc forms m a manner 
snrular to that observed m GA,.tratcd half-sads Thus, 
tk mobcular propcrtta of the monophcnolasc m R- 
treated half-sads were tn no way d&rent from those 
wrtncsscd m GA,-treated half-sads. 

The rn LWO addttton of R to water-tmbtbcd half-seeds 
(control) dunng enzyme extractton. however, fatled to 
activate or alter tk molecular propcrttcs of tk enzyme 
Clearly. PI does not sam to directly acttvate the pre- 
formcd cnzymc. In contrast, enzyme catracts. isolated 
from Pt-rmbtbod half-s&s. rcmamcd rn an activated 
form even though Pt was removed by cxhausttvc dulysts 
ogarnst Trts. HCI buffer Apparently. the prcscna of Pt 
under 111 two condtttons II responstbk for some modffi- 
c&Ion of the preformed enzyme molcculcJ that could k 
rcsponllblc for cnzymc actlvatlon and altcrcd mokcubr 
propcrtta of monophcnolasc. It was furrher observed 
that the extent of acttvatron of monophcnolasc by GA, 
and R m wheat half-seeds was almost tdcnttcal. However, 
m no instance dzd the stmultancous addmon of GA, and 
R to half-seeds showed any addtttvc effect on monopk- 
noksc act~vlty. We therefore infer that both GA, and PI 
regulate monopknotaae acttvrty through a common 
mcchamsm The sttmulatton of monophcnolasc acttvtty 
by GA, In embryo-kss half-seeds of whut rcpratnts a 
true tnotogxal rcsponsc, stone a srmdar enhancwxnt of 
enzyme acttvtty was also wttnesscd In half-seeds di=tcd 
from water-tmblbcd Intact scedhngs (48 hr). In thts case, 
the source of GA, IS tk embryomc tissue of the scedlmg. 
Sna tk exogenous addition of PI mmucs the action of 
GA, m modulatmg monophcnolasc acttnty, we now 
propose that the strmulatron of monophenolasc uttnty 
by GA, ts medlatcd through tk rtse tn tk le4s of Pt In 
fact a ugmhcant tncrcasc tn tk fra pool of R (2 5-fold! 
has been obscrvcd rn GA,-treated half-sads over that of 
tk controls. Thus tk cnhancemcnt of monophenolasc 
U~IVIIY by PI m whcai half-seeds also depicts a c’oursc of 
events whtch normally occurs dunng the tmbtbttton of 
SC&S 

The GA,-sttmuktcd monophcnolasc uttvtty was bloc- 
ked by ABA. Cunously. ABA was cqualiy effatrvc In 



cururbog the PI-st~mulad monopheaolase WIVII~. Tlus 
then lads us to spcsuLte I~I R ~tsclf IS not directly 
responwbk for enzyme OctIvatlon. but must part~clpele In 
some meuboohc pthway before II an acbvote monophe- 
nolue enzyme 

Fmally. we now put forth a bypothau IO explun the 
rcgukuon of moaophenoluc by GA, In what half-seeds. 
The cou~x of events rppan to be as follows: to begm 
with, GA, rtlnics phosphaura m the embryo-less hlf- 
seeds of whert. The bormonctbca~cd runty of phos- 
phau~e, IS responrrbk for rhc ~ncreual build up of the 
fra pool of R through the degradation of polyphos- 
phata. The GA,-mduad nse In the levels of R sams 
cfuaal for lhe aclwal~on of monophenokse The nkam 
support for ths posrulrte IS derived from the fact thrr 
exogenous addltlon of R numtcs the acilon of GA, In 
sl~muktmp and alrermg the molecular properties of 
mooophenolase. 

Expcnmenu arc fn progress IO purify monophenoluc 
so that we can eventually dclermme the nalure of the 
modkatlons IO monophenolase chated by GA, and R 
In embryo-less half-seeds of wheat 

LXPEPIHE%lAL 

Morrrrol Whal roab ~rnlruum nrsfu(~ L nr HD 20091 
rrrc procured from ~hc Dwtson of Sd Tcchookqy. lndun 
A~wultural Raard, inst~~utc. New Dtlhr-I lOOi2. I& 

Insbrblb~tloa oj mj-st& The cmbryc&u blf-ti of whar 
wcrc tmkbcd for 48 hr m 8 mahum amurnm8 10 ‘M GA,. 5 
x IO ‘MABAmd~~mMR(uKR,pH66~.Thchlf-or 

wqc tmbbcd under urptw cooblrons In duk •~ 2s‘ for 48 hr 
[ I I. 12) TheeRat of that rubumm *ru tared on the wt~v~ttcs 
of monophmoluc. &xi and rlkrlmc phosphuw, 

Rqtararun of fh mzjmr frtxfton The cmkbod hlf-scds 
were homo~nucd 11 5 w:vl In R bullir (50 mM. pH 661 rnd 
subprcal IO (NH.I,SO, fmctmn pratplutlon 13&50O’. utn)1) 
dacnbed in ref. [ 121 Tbc deultcd enzyme prcpuxtton YU used 
for I& uny of monophcno~ 

SrphorrylS-2@lCC’ The (NH&SO. ppt (3&5O”.Irin. 30 ma 
protank prqmred from R- rod GA,.~~ltcd what half-&. 
wuf~oculadon~Sep~lS~columa(70r 18cm)a16 
The frrcvxu (25 ml cub) were colbcled unmabrlcly &cr Ihe 
vod volume (Cb - 68 rnlk Tnr-HCI buffer (25 mM. pH 7 0) WLI 
used for the equibkrllon of the mlumn and for the cluuon of the 
protein fm~oas Roran wu delcrmmed m ach fmcrlon by the 
pro&urn @*cn In rrf [ 16) 

Dwnww~on o/ PI Ircwls The procedure of ref [ 171 wu 
doptcd for the dctncnrtton of R rcu Into the lmblbltlon 

m&urn of control rnd GA,-t-led hlfasdr 
Auo) 0) phos*axs Acsd utd llkAlloc pbosphaur Y(lvluc) 

were dctcrmmcd u dacnbd In rrfs (18.19]. 
Auo) of monopkrrohv arftrfry r& fftcubaon ~xt~fc 

conmnal tynnuac base (2 ml.8 mML R butTa (50 mM. pH 7 0) 
rnd enzyme frxtmn (I mR pto~ao) IO l find vol. of 4 ml The 
uy mlrturt wu ~acutatod for I hr II 37 rnd A,,o vu 
mcuurzd The R huller vu subrutumd by Tru-HCl butTcr 
~~mM.pH9O)whcathccnrpwwu~~rcpH90.T)w 
tyrurunc bu wcu dluolvcd m &dJcd wxtcr The enzyme 
actmy wu also uuyxd 11 dllTmat pH nlua (6&10.0~ The 
bufTers were wed u deunbul cn rcf [20] 

Actrwhlrdgmunts-F~ruarul support by the Couoal of 
Scxn~hc and hdWNl Raurch (yint No 9 (198;8cEMR:ll) 
rnd lndun Counnl of Avltuml Research @ran1 Ho 19. 
25 8l.FC II) to R CS 1s gn~cfully rknowkdgcd One of us 
(D S I II gra~cful IO Couml of Sc*ntlftc rnd Indumml Raurch 
for ~hc rwrrd of l Scmor Ratarch Fcllowrhrp 
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