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Generalintroduction   

＝nduction of hYdr01ytic enzYmeS bY gibberellic acid（GA3）  

in aleurone layer tissue of gramineous plant seeds is one 

of the interesting problems in germination physiology and 

has been studied actively．   

Relation between GAand seed germinationwas first  
3  

reported for mobilization of storage materialsin barley   

endosperm（Paleg1960，Yom01960）．Later on，it was established  

that GA3induces de novo synthesis ofα－amYlase（Filner and  

Varner1967），ribonuclease and β－l，3－glucanase（Bennet and   

Chrispeels1972）and protease（Jacobsen and Varner1976）in   

barleY aleuronelayers．The activities of other kinds of  

enzymes are also known to be increased by GA3 application. 
Forinstance，aCid phosphatasein barleY aleuronelaYerSis  

enhanced by GA3treatment（P01lard and Singh1968′Jones  

1969）・Although GA3山induced synthesis ofα－amYlasein barley  

aleuronelayers has been we11studied at the m0lecularlevel，  

1ittle has been reported about the mode of GA3aCtionin the  

activity enhancement of enzymes like acid phosphatase which 

is detectable in this tissue even before Gnj treatment. 

The purpose of this thesisis to broaden our knowledge of   

the mode of hormonalaction bY elucidating biochemicalevents  

during GA3qinduced changein acidphosphatase activityin  
wheat seed and release from it．  

＝n Chapter ＝T the author demonstrates that a measurable  

1   



amount of acid phosphatase occurs in dry wheat seeds and 

that GA3induces a considerable enhancement of the enzyrne  

activityin embrY0less wheat halトseeds andits releaseinto   

theincubation medium・The results of fractionation experiments   

Of acid phosphatase preparation from half－Seeds unincubated  

andincubatedin the presence or absence of GA3，and some  
basic properties of each enzYme fraction and molecular forms   

in it are also discussed．  

＝f these m01ecular forms of acid phosphatase behave differ－  

rently from one anotherin response to GA3，this enzYme WOuld  

be a suitable object to studY the mode of enzYme SeCretion   

from aleurone layevs as well as that of enzyme synthesis or 

activation. Effects of RNA and protein synthesis inhibitors 

and abscisic acid known as an anti－gibberellin on GA3Uinduced  

activity enhancement of acid phosphatasein wheat half－Seeds   

and the enzyme releaseinto theincubation medium are dealt   

in Chapter ＝＝．  

Histochemicalinvestigation carried out bY Gahan et al．   

（1979）indicates that acid phosphataseislocalized mainly   

in the cYtOPlasrnOf aleurone cells of unimbibed wheat seeds．   

＝n Chapter ＝＝＝，localization of acid phosphatasein wheat   

aieurone tissueis re－eXamined cYtOChemicallY and，On the  

Other hand，POSSible effects of GA30n the change of the  

enzYme aCtivity associated with particular fractions are   

Studied using a density gradient centrifugation．  

2   



Studiesin the previous chapters suggest that GA3StimuM  

lates the acidic fraction of acid phosphatase．Howeverritis   

sti11not clear whether the enzYmeis activated or sYnthesized  

de novoin response to GA3・＝n Chapter＝Vt by use of gel  

isoelectrofocusing technique，the author reveals the occurence   

of more than 9isozymes of acid phosphatasein wheat endosperm  

and the GA3叫inducedincreasein activity of a particulariso－  

Zyme Withisoelectric pH of 4．0（p14isozYme）・To employ   

for examining whether this enzyme is activated or synthesized 

de nov00n treatment With GA3，improvement of the procedure  

foris0lation of p＝ 4isozymeis attemptedin Chapter V・  

The author reportslin the Chapter Vl／the evidence  

SuggeSting that GA3Stimulates de novo synthesis of p＝4iso－  

zYme Of acid phosphatase but not affects RNA synthesis respon－   

Sible for thisisozyme．  

3   



CHAPTER 工  

ACTlVAT＝ON AND RELEASE OF AC＝D PHOSPHATASE ＝N WHEAT HALF－  

SEEDS TREATED WZTH G＝BBERELL＝C AC＝D   



Chapter ＝   

Activation and release of acid phosphatasein wheat halfp  

Seeds treated with gibberellic acid  

Ab s tra c t 

lncubation of wheat half－Seed with gibberellic acid  

（GA3）resultedin anincreasein the totalacid phosphatase  

activity by about twice the contr0lwithout GA3・The bulk of  

acid phosphatase activitYincreasedin response to GA3WaS  

foundin theincubation mediun．Acid phosphatasein half－   

Seed was separatedinto two main fractions with CM－Cellulose   

C01umn．The first and second fractions eluted at18 rnM and   

145 mM NaCl，reSPeCtivelY，Were distinctin their relative   

activitY tOWard various substrates and optimum pH．Both   

the fractions were releasedinto theincubation mediumbY  

GA3 treatment. The similar fractions from released acid 

Phosphatase consisted of one or two molecular forms separable   

bY POIYaCrYlamide gelelectrophoresis．From experiments  

3 of［＝卜1eucineincorporationinto thesem01ecular forms  

Of acid phosphatase，SOme Particular forms of the enzYme   

seemed to be newly synthesized and released into the medium 

in response to GA 
3・  
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＝ntroduction  

＝t has been established that gibberellic acid（GA3）in－  

duced the de novo synthesis of cx－amYlase（Filner and Varner   

1967），ribonuclease and βNl，3－glucanase（Bennet and Chrispeels   

1972），and protease（Jacobsen and Varner1967）in barleY   

aleuronelaYer，The activities of other enzYmeS／e．g・laCid   

Phosphatase（P011ard and Singh1968，P01lard1969，Jones   

1969，BaileY et al．1976），PhosphorYIch01ine cytidYltrans－   

ferase and phosphorylch01ine glyceride transferase（Johnson  

and Kende1971）・are aCtually enhanced bY GA3treatmentin  

barleY aleuronelaYer，butitis stillnot clear whether   

the enzymes are activated or synthesized de novo in response 

tO GA3・  

From the histochemicalstudy，Ashford andJacobsen（1974）   

reported that acid phosphatase activitYincreasedin cYtOPlasm  

Of barley aleurone ce11sin response to GA3・BaileY et al・  
（1976）reported promotion bY GA30f theincreasein total  

acid phosphatase activitY and the enzyme releasein barleY   

aleuronelaYer．Recently，Gahan et al．（1979）haveindicated   

CytOChemica11y that nucleotide pYrOPhosphataseislocalized   

in the cytoplasm, whereas general acid phosphatase in both 

the cYtOPlasm and cellwa11s of wheat aleurone ce11s．  

Verylittleis known，however，about enhancement and  

release of acid phosphatase activitYin response to GA3in  

wheat seed. This paper reports effects of GA3 on the 

5   



enhancement and the release of severalforms of acid phos叫  

Phatasein wheat half－Seed and some properties of these   

enzYme COmPOnentS．  
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Materials and Methods   

聖主星 

Wheat seeds（Triticum aestivum L．cv．Nohrin N0．  61）  

harvestedin1977，Were Cutin half transversely with a   

razor blade．The embrYOless halfhSeeds were sterilizedin   

l％ sodium hYPOChlorite for 20 min and rinsed more than   

10 times with sterile distilled water．One hundred sterilized   

halfpseeds were preincubatedin a 200 ml－flask containing   

5 mlof sterile disti11ed water for 24 hr at 24 0c by   

reciprocalshaking（120 strokes／min）．After preincubation   

10 0rlOO half－Seeds were placed asepticallyinto a sterile   

Vial（3 cmin diameter，6 cminlength）containinglmlof   

medium or 200 mlMflask containing 5mlof med．ium．The   

medium consisted of 2 mM sodium acetate buffer（pH 5．2）and，  

if added，l，25uCi／ml［3，4′5N3Hト1eucine（lCi／mm0le）and  

10－5MGA3・The  medium was sterilized using a Mi11ipore filter  

（0．45 tLm）．The vials or flasks containing half－Seeds were   

Shaken for 24 hr or 48 hr at 24 0c．  

EnzYme PreParation  

＝n time course experiments，the filtered medium was   

diluted t0 5 mlvith 50 mM．sodium acetate buffer（pH 5．2）．   

＝ncubated half川Seeds were washed and then homogenized with   

a mortar and pestlein 5 mlper10 half－Seeds of the same   

acetate buffer，The homogenate and the diluted medium were  
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Centrifuged at 20，000 Ⅹ g for 20 min．The supernatants were   

used directly for acid phosphatase assay．For CMqcellulose   

c01umn chromatography，400 half－Seeds were choppedin a   

Waring blender at a gentle speed（3，000 rpm）and the bulk   

of endosperm starch was removed by filtration through a   

nylon gauze・The chopped aleuronelaYerS Were further homoge－   

nized with a mortar and pestlein 50 mM sodium aCetate buffer   

（pH 5．2）．The homogenate and the medium were centrifuged   

at 20．000 Ⅹ g for 20 min．The supernatants were brought t0   

75 ％ satulation with solid ammonium sulfate，Stirred at   

least for 60 min and centrifuged at 20rOOO x g for 20 min・   

The precIPitate was diss0lvedinlO mlof 50rnM sodium   

acetate buffer（pH 5．2）．After dialYSis against 410f 4mM   

sodium acetate buffer（pH 5．2）for 20 hr，denatured protein   

WaS remOVed bY Centrifugation．The above procedure was   

Carried out at 4 0c曹  

exchange chromatography  工On  

The enzyme preparation obtained by ammonium sulfate   

precipitation was applied on a c01umn（2．0 Ⅹ10 cm）of   

CM叫Cellulose previousIY equilibrated with 4mM sodiumaCetate   

buffer（pH 5，2）at 4 0c．The c0lumn WaS WaShed with the same   

buffer and elution was carried out with alinear gradient of   

O削0．4 M NaClin 50 mM sodiumaCetate buffer（pH 5．2）．Five ml   

fractions were c011ected．：Protein content of each fraction  

8   



WaS meaSured spectrophotometrically at 280 nm．  

PhosphataLSe  aSSay  

1n determining acid phosphatase activity（P岬nitrophenYl－   

Phosphate was routinelY uSed as a substrate．The assay mixture   

COmPrising of O．2 mleach12．5 mM pqnitrophenylphosphate   

in O．1M sodium acetate buffer（pH 5．2）and a suitably   

diluted enzyme solution was incubated for 2 to 5 min at 

30 0c．The reaction was stopped by the addition of O．5 M   

Sidiurn carbonate．The amount of p疇nitrophen011iberated was   

measured at 420 nm and convertedinto the equivalent amount of   

inorganic phosphate（Pi）．Activities toward other substrates   

Were determined bY meaSuring piliberated from each substrate   

by the method of A11en（1940）．The reaction mixture compM   

rising of O．2 mlof12．5 mM substratein O．1M sodium acetate   

buffer（PH 5．2）and 50 tJlof enzYmein a totalv0lume of   

O．4 ml was incubated for 30 t0 60 min at 30 Oc．The reaction   

WaS StOPPed by the addition ofice c01d 60 ％ perchloric   

ac土d，  

P01yacrylamide gelelectrophoresi早  

Each of the combined fractions（P－＝ and P－I＝）from CMh   

Cellulose c0lumn chromatographY Of acid phosphatasein the   

mediumWaS dialYZed against 410f 4 mM sodiumaCetate buffer   

（pH 5，2）for 20 hr at 40C．The dialYZed s01ution was subjected  
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to electrophoresisin a gelcontaining 7．5 ％ p01yacrylamide，   

0．75 M Tris－HCl（pH 8．9）′ 0．02 ％ ammonium persulfate，and   

O．05 ％ TEMED，Both electrode vessels were filled with 50 mM   

Tris岬glYCine（pH 8・4）for 2 hr at 4 0c．After electrophoresis   

（2．5 mA／tube），gels were stained for acid phosphatase bY a   

modification of theJaaskaIs method（1978）．1n brief，gels   

PreViousIYincubatedin O．1M sodium acetate buffer（pH 5．2）   

atleast for 30 min were transferredinto a mixture comprising   

Of 6．25 mM α山naPhthylphosphate，2 mM Fast Garnet GBC salt and   

50 mM sodium acetate buffer（pH 5．2），f01lowed byincubation   

for15 t0 30 min at 30 0c and washing with distilled water．  

Measurement of radioactivity  

After electrophoresis the gels were slicedinto 2・5 mm－   

thick sections with a gelslicer．The slices were placed   

into separate counting vials and treated withlmlof 30 ％   

hydrogen peroxide at 60 OC for 3 hr. To each vial was added 

10 mlof scintillator（t0luene：700 ml，Triton x・－100：300 ml，   

2，5Mdiphenyloxas01：4．O g，1，4・qbisp2鵬（5－PhenYloxasoIYl）  

benzene：0．2 g）．The radioactivity was counted with a Beckman   

liquid scintillation spectrometer（ModelLS－250）・  
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Results  

Figurelshows a typICaltime course of the release of   

acid phosphatase from half－Seedinto theincubation medium  

叩5 inthepresenceorabsenceof10MGA3・＝nthepresence  
Of GA3，the enzyme release beglnS after alag period of  

about12 hr and continues atleast up to 48 hr．On the other  

hand，the releasein the absence of GA3StartS after about  

24 hr and with a verY Slow rate．The enzYme aCtivity retained  

in halfqseed reaches a maximum24hr after addition of GA 
3  

and then decreases rapidlY，thelevelat 48 hr becorning two   

thirds of the orlglnalactivitY．＝n the water contr0l，the   

activitY COntinues toincrease up t0 36 hr and decreases   

SlowIY With a concomitant release of smallamount of the   

enzYme．The maximum activitY Of the extract does not differ  

between the contr0land GA3－treated halfMSeed・  

Gibberellic acid atlO－6M tolO鴫5M was found to be  

Sufficient for full stimulation of the release of acid   

Phosphataseinto the medium（Fig．2）． t  

Figure 3 shows chromatographic profiles of acid phos－   

Phatase preparations from drY and preincubated halfqseeds．   

Two peaks of acid phosphatase activitY are Observedin   

both preparations，First peak（P－＝）was eluted at18mM   

and the second（P疇工＝）at145mM NaCl．No more phosphatase   

activitY WaS detected evenin the eluate withlM NaClin   

50mM sodium acetate buffer（pH 5．2）．Two peaks of phosphatase  
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activity eluted at18 mM and145mM NaCIT reSPeCtivelYr  

were als0 0bservedin half剛Seedsincubated with or without  

10山5MGA3for12hr（Fig・4A，B）and24hr（Fig・5A，C）・1n  

the medium after24hrincubation of halfqseeds with GA 
3，  

three peaks of acid phosphatase were detected（Fig．5D）．   

The first and third peaks were eluted at the same NaCI   

concentration as for Pp＝ and P－＝＝，reSPeCtively．An additional   

peak was eluted at 58mM NaCl（Pp＝I＝）・Only minute amounts  

of P叫工 and Pql＝ were detectedin the incubation medium  

Without GA3（Fig・5B）・  

Tablelshows the relative activitY tOWard various substh   

rates of these phosphatase fractions・Acid phosphatase Pd＝   

of both the extract and the medium acted on p－nitrophenylp   

phosphatelα－naPhthYIphosphate and ATP at relativelY high  

rates among substrates tested・P－＝＝10f the medium showed the   

relative activitY Pattern Similar to that of P－＝・Pu＝＝ showed  

relativelY high activities toward fructose岬l（6qbiphosphate，   

inorganic pYrOPhosphate and ATP as wellas two arylphosphates・  

P－工 and P－1＝＝ were most active at pH 5・7（While P一工＝   

at pfi5．5（Fig．7）．Although the optimum pH values were verY  

close, the overall patterns of pH dependency differed from 

OneanO七heユニ．  

3 ＝ncorporation of［H卜1eucineinto these acidphosphatase  

fractions was studied，＝n allsamples examinedr the  
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radioactivity was preferentiallyincorporatedinto pMIand   

Only slightlyinto P－＝＝ and P－＝1＝（Fig・4A，B，Fig．5A，B′C，D）．  

P－＝ and P－＝＝ from the medium，tO Which the bulk of the  

increased enzyme activity by GA3 can be attributed, were 
Subjected to p01yacrylamide gelelectrophoresis（Fig．7）．Ph＝   

gave a single phosphatase－aCtive band（l）and P－＝Iwas res01ved   

into two bands（lr and 2一）．Bandland bandl－ mergedinto   

each a peak of radioactivity，While band 2T showed onlY alow   

levelof radioactivitY．  
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D土scuss土on  

Acid phosphatase is one of the enzymes whose activities 

are enhanced by GA3treatmentin barleY aleuronelayer  
（Pollard and Singh1968，Jones1969，BaileY et al，1976）．   

Howeverrin wheat half叫Seed asin barley aleuronelayer，the   

acid phosphatase activitY WaS COnSiderably high even before  

GA3treatment（Fig・1）・Ashford andJacobsen（1974）reported  

that the enzyrne aCtivitY WaS10Cated mainlyin・the cellwall   

reglOn but partly around aleurone grainsin aleurone ce11s of   

drY barley half－－Seed and that a steadyincrease of enzYme   

activity was observedin these ce11ular sites duringincubation  

Without GA3・Therefore，there may be some specificrneChanism  

for activitY enhancement of acid phosphatasein aleurone   

layer．  

Theincreasein acid phosphatase activityin the GA3・－  

treated half－Seed was not so apparent asin the medium．   

However，Since the totalactivity（extract plus medium）  

reaches two岬f01d of the contr01by GA3treatrnent uP t0  

36 hr，PrOmOtion of either sYnthesis or activation of acid   

Phosphatase must occur．The fact that almost allof the   

increased activityis foundin the mediurn（Fig．1）suggests   

that therernaY be close relationships between the enhancement   

of acid phosphatase activity and the enzyme release into the 

medium by GA 
3・  

No difference was found in chromatographic profiles of 
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the extracts from drY and preincubated halfpseeds，both   

Were reS0lvedinto p－1and P－＝＝（Fig．3A，B）．Furthermore，   

there was no significant difference in profiles of the 

COntr0land GA3－treated halfqseeds after12hrincubation  

（Fig・4A，B）・These resultsindicate that GA3maY SCarSelY  

affect the acid phosphatase components up t012 hrincubation．  

Both acid phosphatase fractions，‡」工 and P－工I，Were  

released from halfpseedinto theincubation medium by GA3－  

treatment（Fig．5D）．The finding differs from the resuit   

that in barley aleurone Layer only some molecular fovms of 

acid phosphatase were selectively released into the medium 

in response to GA3（Baiiey et al・1976）・However・P－Z and  
PM＝1exhibited characteristic differencesin pH－aCtivitY   

relation and relative activities toward various substrates   

（Tablel，Fig．6）and so theY maY Play each a different   

r0lein wheat seed．Acid phosphatase P－I＝＝ which was found   

Onlyin the medium showed close resemblance to P－＝in pattern   

Of pH dependencY and substrate specificity，SuggeStingits   

POSSible relation to p－＝in biosYnthetic orLgln．   

3 ＝ムcorporation of［H卜Ieucineinto P－＝fraction was  

muchlarger than that of P－＝エー；but the grossincorpor畠tion  

may not necessarily dependent upon GA3, because there was 

Only a sma11difference between the GA3－treated halfHSeed and  

the contr01in totalincorporation（extract plus medium）   

（F土g．5A′B，C，D）．  
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Electrophoretic analysis oflabe11ed acid phosphatase   

fractions from the medium Showed that P疇＝ consists of one   

m01ecular form（bandl），Whereas P－工＝ of two m0lecular forms   

（bandlT and 2一）and that each of these enzymeqactive bands   

but 21mergesinto the high radioactive band（Fig．7）．These   

results suggest the possibilitY that some m0lecular forms  

Of acid phosphatase releasedinto the medium by GA3treat－  
ment contain enzyme proteins sYnthesized de nov0．＝f band 2T  

enzyme also contributed to the GA3-dependent increase of 

the enzYme aCtivity，it maY due to activation rather than  

3 
坐竺望SYnthesis，becauseofitslowrateof［H］－leucine  

⊥ncorpora七土on．  
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Table l．Relative activities toward various substrates of  

different fractions of wheat acid phosphatase．Fractions  

（P～＝，Pq＝＝，P山工＝＝）were obtained by CMNCe11ulose column  

chromatography of the extract and the medium after incubation 

With or without GA3for O or24hr・The activities areindih  
Cated as the percentage of that toward pMnitrophenYIphosphate．  

Rela七土ve act土Ⅴ土七y（亀）  
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Fig．1．Time course of the release of acid phosphatase  

from embrYOiess wheat half－Seed treated with GA3・The half－  
seeds preincubated for 24hrin distilled water wereincud  

-5 batedinthepresenceorabsenceof10MGA3・Theenzyme  
activities were measured for both the tissue extract and  

the rnedium．Each valueis the mean of three samples．  
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Fig. 2. Effect of GA3 concentration on acid phosphatase 

release from half－Seeds．The enzyme activities wererneaSured  

after 24 hr incubation．Each valueis the mean of three  

SamPles．  
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Fig．3．Profiles of Cl卜Cellulose c0lumn chromatography  

of acid phosphatase preparations from drY and preincubated  

halfMSeed．Ten mlof the enzyrne PreParation was applied  

onto the c01umn and eluted under the conditions described  

ln Me七hods．  
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Fig・4・Chromatographic profiles of acid phosphatase  
preparations from halfhSeedincubated for12hr with or  

without GA3- Conditions for radioactivity labelling and 

CM－Cellulose c0lumn chromatographY are describedin Methods・  
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Fig．5．Chromatographic profiles of acid phosphatase  

PreParations from half－Seed and medium after 24 hrincubation  

With or without GA3・Conditions for radioactivitylabelling  
and CM－Cellulose c01umn chromatography are describedin Methods．  
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Fig・6・Effect of pH on acid phosphatase activitY Of Ph＝，  

P叫工＝ and P－＝工＝ fractions from half－Seed and the medium．  

Activities for p－nitrophenYIphosphate of three fractions  

（●′ Pq＝；口′ Pq＝＝；○′ P仙＝＝＝）from each sample were determined  

using sodium acetate（pH 4．Op5．7），MES（pH 5．7－7．0）and Trisp  

HCl（pH 7．0－8．0）buffers and expressed as ％ of the maximurn．  

Each valueis the mean of three replicates．  

23   



1－  2〃  

〇
 
 

（
む
じ
 
 

▲
 
 

、
N
b
L
㌢
J
p
）
 
 

0
 

5
 
 

…
島
）
ま
〇
 

0  10  30  ム0   10  20  20  30  40  
SuCE NUMBER  

Fig・7・Electrophoretic patterns of acid phosphatase  
fractionsIP－＝ and P－＝＝・The fractions were prepared from  
the medium after 24 hr incubation of the half－Seed with  

3 GA3and【H］Mleucine（Fig・5）・Conditionsforgelelectro－  
Phoresis are describedin Methods．  

24   



References   

Allen，R．J．；The estimation of phosphorus．Biochem．J．  

34．858…865（1940）．   

Ashfordr A・E・andJ・V・Jacobsen：CYtOChemical10Calization  
Of phosphatasein barley aleurone ce11s：The pathway of  

gibberellic acid綱induced enzYme release・Planta120′  
81－105（1974）．   

BaileYr K・M・rl・D・J・Phillips and D．Pitt：Effects of  

gibberellic acid of the activation（Synthesis（and  
release of acid phosphatasein barley seed・J・Exp・  
Bot，27′ 324－336（1976）．   

Bennet，P・A・and M・J・Chrispeels：De novo synthesis of  

ribonuclease and β－1，3－glucanase by aleurone cells of  

barley・Plant PhYSi01．49，445－447（1972）．   

Filner，P・andJ・E・Varner：A test for de novo sYnthesis  

Of enzYmeS：DensitYlabelling with H之1800f barley  
α岬amylaseinduced by gibberellic acid．二Prot．Nat．  

Acad．Sci，USA 58，1520－1526（1967）．   

Gahan，P．Bり H．Sierakowska and A．L．Dawson：Nucleotide  

pyrophosphatase activity in dry and germinated seeds of 

Triticum，andits  relationship to generalacid phosM  

Phatase activity．planta145，159q166（1979）．   

Jaaska′ V・：Electrophoretic study of acid phosphatase  
isozymesin the grass genus Aegilopus L．Biocem．  

Physi01．Pflanzen172，133－153（1978）．   

Jacobsen，J．V．and J．E．Varner：Gibbere11ic acidinduced  

Synthesis of protease bYisolated aleuronelaYer Of  

barley・Plant PhYSi01．42′1596－1600（1967）．  

25   



Johnson，K．D．and H．Kende：Hormonalcontroloflecithin  

Synthesisin barley aleurone ce11s：Regulation of the  

CDP－Ch01in pathway by gibberellin．Proc．Nat．Acad．Sci．  

USA 68′ 2674岬2677（1971）．   

Jones，K．C．：Similarities between gibberellins and related  

COmPOundsininducing acid phosphatase and reducing  

Sugar release from barley endosperm．Plant PhYSi0l．  

44．1695榊1700（1969）．   

Pollard，C．J．and Singh，B．N．：Early effects of gibberellic  

acid on barleY aleuronelaYerS．Biochem．Biophys．Res．  

Com・里′ 321－326（1968）・  

P01lard′ C．J．：A surveY Of the sequence of some effects  

Of gibberellic acidin the metabolism of cerealgrains．  

plant phys土01．44．1227－1232（1969）．  

26   



CHAPTER 工工  

＝NH＝B＝TORY EFFECTS OF ABSC＝SZC AC＝D ON G＝BBERELL＝C AC＝D－  

＝NDUCED AC＝D PHOSPHATASE ACT＝Ⅴ＝TY ＝N WHEAT HALFMSEEDS   



Chap七er 工工   

1nhibitory effects of abscisic acid on gibbere11ic acidM   

induced acid phosphatase activityin wheat half－Seeds  

Abstract   

Abscisic acid（ABA）atlO叫4McompletelYinhibited  

gibberellic acid（GA3）L－Stimulated release of acid phosphatase  

from wheat half－Seeds into an incubation medium．The same  

treatment with ABA，however，did not affect GA3－induced acid  

Phosphatasein the halfqseeds．The mode ofinhibition of   

ABA on acid phosphatase releaseinto the medium was apparentM   

ly similar to that of cordycepln．These results are discussed   

in relation to the effect of ABA on the sYnthesis and release   

Of oいamylase．  
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工n七rod．uct⊥on  

Recently，We rePOrted that GA3enhanced acid phosphatase  

activity in wheat half-seeds and the release of the enzyme 

into anincubation medium（AkiYama and Suzuki1980）．＝tis  

a welldocumented fact that ABAinhibits GA3－inducedα剛amYlase  

synthesisin barleY aleuronelaYer（Chrispeels and Varner  

1966，Chrispeels and Varner1967／Jacobsen1973（Ho and  

Varner1976）・＝nhibition of GA3Pinduced release of acid  

phosphatase bY ABA has been also observedin barleY Seeds   

（P011ard and Nelson1971）．  

We have carried out an analYSis of the effects of ABA   

on acid phosphatase activity in wheat half-seeds and its 

release into theincubation medium．Furthermore，SeVeral   

other metab01icinhibitors were employed to see any relevant   

mode of action to ABA．The outcome of experiments willbe   

describedin this paper．  
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Materials and Methods   

Seeds of Triticum aeStivum L，CV．Nohrin N0．6l were  

transversely cutinto halves with a razor blade．The halves   

Without embrYO（hereafter denoted half叫Seeds）were sterilized   

inl％ sodium hYPOChlorite s0lution for 20 min and rinsed   

more than ten times with sterile distilled water．  

One hundred half－Seeds were preincubatedin 5 mlof dis－   

ti11ed waterin a 200－mlflask on a recIPrOCalshaker at   

120 strokes per min at 24 Oc for 24 hr．After preincubation   

10 halfNSeeds were transferred to each vial（3 cmin diameter，  

6cminlength）containinglmlof the test medium・GA3，ABA・  

CH＝ and cordycepin were added to the basalmedium（2 mM   

SOdium acetate buffer，PH 5．2）as specifiedin each experi州   

ment・The vials wereincubated bY Shaking as above・All   

media were sterilized using a Millipore filterr pore size   

O．451」m，and glassware had been sterilized．Half－Seeds were   

handled in a sterile laminar flow chamber．  

At the end of incubation half－Seeds were coユIected on   

a glass filter，WaShed with deionized－di．sti11ed water and   

then homogenized with a mortar and pestle in 5 ml of 50 mM 

SOdium acetate buffer（pH 5．2）．The filtered rnedium was   

diluted with the same buffer to make a finalv01une Of 5 ml．   

The homogenates and the diluted media were separately centrih   

fuged at 20，000 Ⅹ g for 20 min．The supernatants were used   

for the measurement of acid phosphatase activity・  
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The assay mixture comprising O・lmlof each12・5mM  

pMnitrophenYIphosphatein O・1M sodium acetate buffer（pH 5・2）  

and a suitablY diluted enzYme S0lution wasincubated at 30 0c   

forlO min，f01lowed bY the addition of O．lmlof O．5M   

sodium carbonate to terminate the enzyme reaction．The   

amount of pMnitrophen011iberated was measured at 420 nm・   

＝n one experiment／α・・amYlase was assaYed by the blue value   

method（Obata and Suzuki1976）and a unit was defined as   

the activity causing a decrease ofl・Oin absorbancY at   

700 nm per min．  

Allthe experirnentalvalues are the means ± standar   

error of triplicated experiments・  
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Results   

lnfluence of ABA on the GAっ叫induced activity of acid phos－  

Phatase and α・Pamylase  

The activity of acid phosphatase in incubated half-seeds 

was ndt reaucea but rather increased by the addition of ABA 

ranglng fromlO－8MtolO州4MleSPeCiallYin the presence of  

GA3（Fig・1A）・On the other hand・increasing concentrations  

Of ABAinhibited GA3－induced release of acid phosphataseinto  

theincubation medium（Fig．1B）．ABAat10－4McompletelY  

supressed the effect of GA3 on the enzyme release. As a 

COmParative experiment theinfluence of ABA on GA3－induced  
activation of α－amylase was measured．Figure 2 shows that   

ABA not onlyinhibited the release of oいamylaseinto the   

medium，but also the enhancement of the enzyme activitYin  

the halfpseeds■AgainrlOU4MABAcompletelyrepressed the  

GA3叫induced release of the enzyme・  

＝nfluence of ABA on GA；induced changein acid phosphatase  

act土Ⅴ土ty  

The time course of changes in acid phosphatase activity 

WaSinvestigatedin the presence or absence of GA3and／or  
ABA．＝n half－Seedsincubated without ABA，a gradualincrease   

Of acid phosphatase activitY WaS Seen uP tO about 24 hr and  

thereafter decreased regardless of GA3treatment（Fig・3A）・  

The addition of・GA3Stimulated the enzYme releaseinto the  
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榊5 
medium（Fig．3B），＝nthepresenceoflOMABA，the enzyme  

activitYincreased similarly bY about24hr，but the decrease  

in the f01lowing hours did not occur（Fig・3C）・As eXPeCted′  

ABAdramaticallyinhibitedGA3叫Stimulated release of acid  

phosphataseinto the medium（Fig・3D）・Thisinhibition became  

visible after16hr－incubation period which may correSPOnd  

to the onsetof GA3qinducedenzYmereleaseinto the medium・  

日固持叩阿買郁莞国謁福田園田u 講麗哨矧銅器賞同日朋q 矧卿阻馳矧室 麗御 室匝室矧獲屈霊室 歴囲退園堅固   

act土Ⅴ土ty  

Preliminary experiments indicated that the release of 

acid phosphataseinto theincubation medium containing GA3WaS  

not initiated before12 hr－incubation of the halfpseeds．   

Therefore，12 hrincubation cYCles were selected toinvestigate   

the effect of the inhibitors．Table l summarizes the outcome   

Of the experiments．＝nclusion of ABAin the first12 hr   

incubation period resultedin a 85 ％ reduction of acid phos－   

Phatase activitYin the medium，Whereas the enzyme activitY   

in halfpseeds was almost not affected．Similar results   

Were Observed with cordycepln．However，the presence of CH＝   

in the firstincubation period reduced the enzYme aCtivity   

in halfqseeds to half of the contr0l・When ABAp cordYCePlnl  

and CH＝ were suppliedin the second12 hr period，aCi   

Phosphatasein the medium was reduced t0 42r 45r and 21％   

Of the contr01，reSPeCtivelY．  
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D土scuss土on  

Asin a previous paper（AkiYama and Suzuki1980）′ a  

gradualincreasein thelevelof acid phosphatase activitY  

in wheat half-seeds was seen Yegaudless of GA treatment 
3  

up t024hrincubation・The ratein the presence of GA 
3，  

however，WaS greater thanin the absence ofit．Further   

incubation of the half叫Seeds resultedin a decrease of the  

levelof retained enzYme aCtivitY・GA3remarkably stimulated  

the rate of enzyme release into theincubation medium，This   

effect was detected at16 hr incubation and thereafter be－   

Came mOre PrOminant．Concerning cthamYlase of wheat half－   

Seeds，both the sYnthesis and the release were dependent  

On GA3aSin barleY half－Seeds・  

ABAis known to depress the GA3岬enhanced synthesis of  
α－arnylasein barleY aleuronelayer（Chrispeels and Varner   

1966，Chrispeels and Varner1967，Jacobsen1973，Ho and   

Varner1976）．PreviousiY Pollard and Nelson（1971）have  

reported that ABAinhibits GA3岬induced acid phosphatase  
release from barleY half－Seedsinto theincubation medium．   

However，they did not mention aboutinfluence of ABA on the   

enzymelevelin the half叫Seeds．Our present results with   

Wheat halfqseeds demonstrated that ABA scarcelYinhibited the   

increasein acid phosphatase activity of the halfpseeds，   

but supressed the enzyme releaseinto the medium．Moreover，   

ABAinhibited the decreasein acid phosphatase activitY  
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in the halfqseeds that had beenin the active phase of enzyme   

release at about 24 hr afterincubation．This factis probaM   

bly accounted to the suppression of the enzyrne release・  

On the other hand，ABA not onlY reducedαpamylasein   

the half－Seeds but alsoits releaseinto the medium．Thus，  

the mechanism of action of ABAin the GA3岬PrOmOted synthesis  

（or activation）and release of particular enzymesin the   

half－Seeds maY nOt be the same．  

Ho and Varner（1976）suggested that theinhibition by   

ABA of α岬amYlase synthesisin barley aleuronelayer maY be   

affected through ABA叩induced synthesis or activation of   

certain RNA，Which prevents translation of α－amylase mRNA・   

To see any possibilities of the inhibition of transcription 

or translation by ABAin the present case，COrnParative   

experiments using cordYCePln and CH＝were carried out・ABA  

and cordycepln Were aPParentlY Similarin their mode of   

action，bothinhibited onlY the release of acid phosphatase   

into the medium．Furthermore，theinhibition degree was   

evidently high when the treatment with ABA and cordYCePln  

was applied during the first half period of 24 hr incubation. 

Thus（ABA seems tointerfere with RNA sYnthesis relating  

to earlY development of a membraneous machinery for the  

enzYme SeCretion・Howeverr our studY by centrifugalfrac－  

tionation of the wheat aleurone cell homogenate indicated 

that only a very small portion of the acid phosphatase 
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Can be recoveredin particulate fractions with which more   

than 21％ of the totalα鱒amYlaseis associated（Akiyama and  

Suzuki1980）・This suggests a differencein the waY Of re岬  

1ease between acid phosphataselatleast the enzyme pre－  

existingin the aleurone cells′ and the newIY SYnthesized   

α－amylase．  

CH＝inhibited both enhancement of acid phosphatasein  

halfNSeeds andits releaseinto themedium by GA3・Thus，  

GA。3  SeemS tO aCt at tranSlationallevel to increase the  

acid phosphatase activityin wheat halfqseeds・The GA3－  

stimulated synthesis of acid phosphatase will be dealt in 

a forthcoming paper．  
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Tablel・1nfluence of severalinhibitors on the GA3q  
induced activityin wheat half－Seeds and theincubation  

medium・ABA（1、OM5M），COdycepin（100ug／ml）or CHl（10ug／ml）  
WaS COntained in the incubation medium for either the first  

orthef01lowing12hr・AllmediacontainedlOq5MGA3・  

Ac土d phospha七ase ac七土Ⅴ土七y  

Treatment withinhibitor  リm01es p－nitrophenol／half－Seeds／mi  

First12 hr Following12 hr  half－Seed  Medium  

685 ± 23（100）☆   

685 ± 54（100）   

669 ± 52（98）   

575 ± 30（84）   

685 ± 47（100）   

336 ± 29（53）   

619 ± 82（90）  

・None  

A玉Å  

Ⅳone   

Cordycepln   

None  

CH工  

None  

None  

Ⅳone  

ABA  

Ⅳone   

Cordycepln   

Ⅳone  

C打エ  

364 土 69（100）  

55 土11（15）   

152 ± 30（42）  

47 ± 8（13）   

165 ± 26（45）  

43 ± 8（12）  

75 土 8（21）  

★ Valuesin parentheses express percentage to the control   
treated with GA3a10ne・  
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Fig．1．Effect of ABA on acid phosphatase activityin  

Wheat halfqseeds（A）andin theincubation medium（B）．Half－  

seeds were treated with vztrious concentrations of ABA in the 

鴫5 presenceorabsenceoflOMGA3for24hr・  
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Chap七er 工工工   

Localization of acid phosphatasein aleuronelaYerS Of  

Wheat seed  

Abstract  

Histochemical observations of acid phosphatase in 

aleuronelayers of wheat seeds using c汁naPhthYIphosphate   

as a substrateindicated that most of this enzyme was   

locatedin cytoplasm，but notin ce11wall．Subcellular   

fractionation experiments of aleurone cells by sucrose   

density gradient centrifugation showed that predominant   

amount of acid phosphatase activitY WaS detectedin the   

S0luble fraction regardless of the presence or absence  

Of gibbere11ic acid（GA3）in theincubation medium・＝n  

the presence of GA3，however，a Smallbut definite portion  
Of acid phosphatase activitY COuld be foundin the parti－   

Culate fractions showing α－amylase activitY．  
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1ntroduction  

Acid phosphataseis an enzyme which hydr01yzes a varietY   

Of orthophosphate esters・Catalytic function of this enzYme   

in germinating seedsis soimportantin terms of hydr01YZing   

Phosphate compounds and eventually providing free phosphate   

P001for various metab01ic pathwaYS．PreviousIY We have   

reported the presence of a measurable amount of acid phos－   

Phatasein dry wheat seeds（Akiyama ans Suzuki1980）．We have  

also demonstrated that gibberellic acid（GA3）considerably  

increased the activitY Of acid phosphatasein embry01ess   

wheat half－Seeds andits release into the incubation medium．   

Histochemicalinvestigation bY Gahan et al．（1979）on the   

localization of acid phosphataseindicated that when naphth01   

AS－B＝ phosphate was used as a substrate．acid phosphatase was   

detectedrnainlyin the cytoplasm of aleurone cells of dry   

Wheat seeds，  

We have carried out sirnilarinvestigation as Gahan et al・   

（1979）and confirmed their observations．Furthermore，uSing   

subcellular fractionation techniques attempts have been made   

to see whether or not this enzYmeis associated with par－   

ticularintracellular structures．The results of experiments   

Willbe presented here．  
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Ⅲate工・土als and Methods   

Preparation of half叩Seeds  

Wheat seeds（Triticum aestivum L．cv．Nohrin No．61）  

Were Cutinto half transversely with a razor blade and   

embrYOless halves（half－Seeds）were provided for experimen－   

tations．For the purpose of sterilization，half－Seeds were   

immersedin a s0lution containingl％ sodium hYPOChlorite   

for 20 min，and rinsed more than ten times with sterile   

distilled water．  

One hundred half－Seeds were preincubated with 5 mlof   

Sterile disti11ed water in a 200・ml・Mflask at 24 0c．After   

Preincubation for 24 hr，theY Were tranSferredinto a   

200 mトflask containing 5 rn10f 2 mM sodium acetate buffer  

（pH5・2）withorwithoutlO－5班GA3・TheGA3S01utionwas  

Millipore－Sterilized before use．The flask containing   

half－Seeds was further incubated at 24 0C for 24 hr in a   

recIPrOCalshaker at120 strokes per min．EverY COntainers   

for theincubation of half－Seeds were sterilized previousIY   

and seeds were handled in a sterile laminar flow chamber．  

Fixation of drY Seeds for microscopIC Observation of acid  

phosphata苧e  

Dry wheat seeds were fixedin a 3 ％（w／w）glutaraldehyde   

SOlutionin 50 mM cacodYlate buffer（pH 7．4）for 20 hr at O Oc．  
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Fixed and frozen sections（7 Tlm thick）were subjected to   

acid phosphataselocalization test according to the modified   

method of Grogg and Pearse（1952），As a contr01，SeCtions   

Were incubatedin the reaction mixture without the substrate．   

The reaction was stopped bY adding 7．5 ％ acetic acid．Obser…   

Vations were made using an OIYrnPuS BH phase microscope，  

Subce11ular fractionation of aleurone  1aYer Of wheat half－  

Seedslユ中西咋  
Two hundreds halfMSeeds were chopped with a Waring blender   

at about 3，000 rpmin a medium COntaining O．35M sucrose′  

25mM Tris－HCl（pH7・3）・10mM KCl・lrnMMgC12・6H20and  

lmM EDTA・The bulk of endosperm starch was removed bY PaSS－   

ing the chopped materialthruogh a nylon gauze and by washing   

twice with the same medium．The aleuronelaYerS retained on   

the nYlon gauze were then homogenized with a mortar and   

PeStle containinglO rnlof the samernedium．The homogenate   

WaS Centrifuged at 900 Ⅹ g for10 min．After centrifugation   

the supernatant was saved，6 mlof which was applied onto   

SuCrOSe SteP gradients consisting of 4 mlof 50，35，25，20 ％   

and lO ml of 17 ％ sucrose s01ution which contained 25 rnM   

Tris叩HCl（rpH7・3），10mM KCl，1mM MgC12・6H20，andlrnM  

EDTA．The gradients were centrifuged at 25，000 rpm for 2 hr   

in a Beckman SW 27 rotor．FortY five drops（l．3ml／fraction）   

Were C011ected from the bottom of the gradient．Absorbance  
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at 280 nm was determined using Shimadzu UV－200 spectro叫   

Photometer．A110Perations of the above procedure were   

Carried out at 4 0C．  

Measurement of enzyme activitY  

Acid phosphatase activity was measuredin the same way   

as described elsewhere（AkiYama and Suzuki1980）using   

P叫nitrophenYIphosphate as a substrate．NADH叫dependent cYtOChrome   

C reductase was assaYed according to the method of Bowles   

and Kauss（1976）．αNAmylase activitY WaS aSSaYed by the   

method of Obata and Suzukiwith slight modification（1976）．  
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Results and DiscussiQn  

FigurelB shows deep stainingin the cYtOPlasmic portion  

Of aleurone cells of a dry wheat seed．＝f the substrate for   

acid phosphataseis not present，Stainingin the cYtOPlasm   

is dim（Fig・lA）・＝n both cases，10Calization of acid phos－   

Phatasein cellwallreglOnSis not apparent．Similar results   

Were Obtained when half－Seeds wereincubatedin the presence  

Or absence of GA3（data not shown）・Though traces of acid  

Phosphatase were detectedin the cellwall，the cYtOPlasmic   

activitY WaS Predominant．Our observations coincide with   

those of Gahan et al．（1979）．  

Regarding subcellularlocalization of seed enzYmeS，   

a weilstudied example can be seen with α岬amYlase of  

gramineous plants・Severalworkers have reported that GA3馴  

induced α叩amYlaseis associated with endoplasmic reticulum   

（Firn1975，Gibson and Paleg1972，Gibson and Paleg1976   

Locy and Kende1978）．Figure 2A shows subcellular fraction－   

ation profiles of a discontinuous density gradient centri齢   

fugation of the homogenate of aleuronelaYerincubatedin  

the presence of GA3・As a contr0l，data are presented with  

aleuronelayer not treated with GA3（Fig・2B）・As apparentlY  

indicated here．NADH岬dependent cYtOChrome c reductase，a   

marker enzYme for endopiasmic reticulum，is stimulated by  

GA3treatment andis detectedin theinterface zones of  

a gradient．Moreover α－amYlase activitYin theinterface  
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ZOneSis much higherin GA3－treated aleuronelaYer（21％of  
totalα叩amYlase activitYin a gradient）thanin the contr0l．  

＝n contrast to α－qamYlase，Only a trace amount of acid   

Phosphatase was detectedin theinterface zones．The bulk of   

the enzyme activity was presentin the supernatant fraction．   

Gibson and Paleg■（1972）reported that much of RNase activitY  

Of barleY aleurone cells was s01ublein earlier periods of  

GA3treatment but maY be associated with particulatesin  
later periods・Since acid phosphatase activitYis detected   

in subcellular compartments such as aleurone grainin barley   

（Paux1965），it maY belikeIY that acid phosphatase previously  

COntainedin subcellular compartmentsis releasedinto soluble   

fraction during homogenization of aleurone cells．  

Pyliotis et al．（1979）reported that although the greater  

Part Of acid phosphatase activityin GA3叫treated barleY  

aleurone layers occurred in the periplasm and the digested 

WallreglOn，SOme Part WaS aSSOCiated with the endoplasmic   

reticulum．BaileY et al．（1976）and we（1980）suggested   

de novo sYnthesis of a certain form of acid phosphatasein   

barleY and wheat seeds，reSPeCtively．Furthermore，Our   

unpubl_ished data have demonstrated at least one component 

Of acid phosphatasein wheat half－Seedsis synthesized de  

novoin response to GA3・Acid phosphatase foundin the  
Particular fraction，POSSiblY aSSOCiated with endoplasmic   

reticulumr aPPearS tO COrreSPOnd to such an enzyme sYnthesized  
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de nov0．Much remains to be studied before anY definite   

statement about the localization of acid phosphatase in the 

aleuronelayer．  
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Fig．l．Frozen sections of aleuronelayer of dry wheat  

Seeds．（A）contr01；a SeCtion was incubatedin the reaction  

mixture without substrate，（B）a section stained for acid  

Phosphatase using cいnaPhthYIphosphate as a substrate．  

Although black and white picture does not represent precise  

C0lorations，PreSenCe Of acid phosphatasein（B）was seen  

as a deep red color which contrasts t01ight brownin the  

aleurone cells of（A）．（CW）cellwall，（SE）starcy endosperm．  

Bar represents 201Jm．  
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Fig．2．Sucrose densitY gradient centrifugation of  

homogenates of whcat aleurone layers treated with or without 

GA3・Crude homogenates were centrifuged at700x g for10min  
and a portion of the supernatant was directly applied onto  

10q5MGA3，（B）contr01（qGA3）・  the sucrose step gradients．（A）  

A280J▲－…－ ▲NADH：Cy七・  C reductase′ ●  ● ac土d   

Phosphatase，ロ  □αmamylase．  
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CHApでER 工Ⅴ  

G＝BBERELL＝C AC＝D－＝NDUCED ＝NCREASE ＝N ACT＝Ⅴ＝TY OF A PART＝CULAR  

＝SOZYME OF AC＝D PHOSPHATASE 工N WHEAT SEED   



Chap七er 工V   

Gibberellic acid－inducedincreasein activity of a particular  

isozYme Of acid phosphatasein wheat seed  

Abstract   

Embry0less halfqseeds of Triticum aestivum L．contain  

atleast 9 acid phosphataseisozymes possessingisoelectric  

PH ranglng from4・O t07・2・Treatment with GA3reSultedin  

activation of a particularisozYrne Of p＝ 4．0．Three ma〕Or   

isozymes of p＝ 4．0．4．9，and 6．2，reSPeCtivelY，differedin   

their relative specificities．Similarincrease of p＝ 4iso－   

ZYme WaS als0 0bservedin endosperm of germinating wheat   

Seeds．  
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工n七roduct土on  

Occurence of multiple forms of acid phosphatase（EC．3．1．3，2）  

has been reportedin various plant materialsincluding wheat  

germ（Joyce and Glis01ia1960），rice ear（＝kawa et al．1964）′  

maize carnel（Efron1970），bean hypocotyl（Mizuta and Suda  

1980），barley seeds（Bailey et al．1976）and also tissue   

Cultured cells of rice（＝gaue et al．1976）as we11as tobacco  

（Uekiand Sat01977）・MultiplicitY Of this enzyme has been  

Characterized bY meanS Of column chromatography and gelelectro－  

Phoresis・Use ofisoelectric focusingin analysis of phosphatase  

isozyme has provided valuableinformation about phYleticlines  

Of wheat（Nakai1973）as wellas rice plants（Paiet al．1975）．  

We reported that gibberellic acid（GA3）enhanced acidphos－  
Phatase activitYin wheat half－Seeds by glVing a predominant   

effect on the acid enzYme fraction res01ved by CM－Cellulose   

C01umn chromatographY and thatit also stimulated the enzYme   

releaseinto theincubation medium（AkiYama and Suzuki1980）．   

1n this studylit have been found that acid phosphatase of   

Wheat half－Seeds can be separatedinto deveraldistinctive   

forms bY gelisoelectric focusing and that among these enzYmeS   

POSSeSSing p＝ values between 4・O and 7・2T a Particular one  

Of very acidic p＝was dramatica11y activated by GA3・Moreover，  
Similar change of theisozYme Pattern has been observed t0   

0CCurin the endosperm during germination of wheat．  
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班aterials and Methods   

Preparation of half－Seeds  

Seeds of Triticum aestivum L．cv．Nohrin No．6lwere  

transversely cutinto halves with a razor blade．The halves   

Without embryos（hereafter denote halトseeds）wereimmersed   

inl％ sodium hypochlorite s0lution for 20 min and rinsed   

more than lO times with sterile distilled water．  

＝ncubation of half－Seeds  

FiftY half－Seeds were preincubated with 2．5mlsterile   

disti11ed water in a lOO ml－flask at 24 0c for 24 hr．＝ncu－   

bation was carried out by reciprocal shaking at 120 strokes 

Per min．preincubated half－Seeds were transferredinto a   

100 ml職flask containing 2．5 mlof 2 mM sodium acetate buffer  

（pH5・2）・GA3and cyclohexirnide（CH＝）（Sigrna ChemicalCompany）  

were used atlO－5Mand10ug／ml，reSPeCtivelY．Allglassware  

had been sterilized and seeds were handled in a sterile   

laminar flow chamber．At the end of 24 hr incubation half－   

Seeds were c01lected on a sintered glass filter，WaShed   

With deionized．distilled water and then homog・enized with a   

mortar and pestle in 6 ml of 50 mM sodium acetate buffer 

（PH 5．2）．The homogenate and the filtered mediumWere SePa－   

rately centrifuged at 20，000 Ⅹ g for 20 min at 4 0c．The   

SuPernatantS Were uSed as the samples for gelelectrophoreis．  
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Germination of seeds  

Dry wheat seeds were sterilizedin the same way as for   

halfpseeds and placed on a wet filter paper to germinate at   

24 0c・After 24J48（and 72 hr ofimbibition periods（germi－  

nating seeds were dissectedinto appropriate portions such   

as endosperm，embryo′ Sh00t and r00t，from which extracts   

Were Obtained as described above．  

P01YaCrYlamide gelisoelectric focusing  

One hundred yl of crude protein sarnple was applied on 

a gelcontaining 7．5 ％ polyacrYlamide，l％ Amph01ine（PH 3．5－   

10，LKB）′ 20 ％ glycerol，0．02 ％ ammonium persulfate，and   

O．05 ％ TEMED．Anode and cathode vessels were filled with   

20 mM HCland 20 mM ethylenediamine，reSPeCtivelY．Electro－   

Phoresis was performed at a constant v01tage of 200 V for   

17 hr at 4 0c．After electrophoresis′ the gelwas subjected   

to staining of acid phosphatase using cL－naPhthylphosphate   

as a substrate and Fast Garnet GBC salt bY the method de－   

SCribedin previous paper（Akiyama and Suzuki1980）．The   

StainedisozYme bands were scanned at 520 nm with a Shimadzu   

dualwavelength scanner CS山900．  

聖廷三三三三主吐S from gelslices and assay for acid  

旦吐聖hatase activity  

Forlocation of acid phosphataseisozYmeS，the gels   

Were faintly stained and each of the bands was cut off  
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by a razor blade†Slices corresponding to the respective  

band from 10 gel columns were combined and homogenized in a 

glass叫glass homogenizer with 3mlof O・lM sodium acetate   

buffer（PH 5．2）at 4 0c．The homogenate was centrifuged at   

20，000 Ⅹg for 20 min and the supernatant was dialYZed aqainst   

50 mM sodium acetate buffer（pH 5．2）for 20 hr at 4 0c．The   

dialyzed s01ution was used for the determination of substrate   

SPeCificity・Acid phosphatase activities were assaYed by   

measuring inorganic phosphate liberated from each substrate 

according to the method of A11en（1940）・  
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Results   
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various conditions  

As shownin Fig・11aCid phosphatasein the sample from   

Wheat halfpseeds preincubated with water was res01ved by   

gelisoelectric focusing atleast 9isozYmeS POSSeSSing   

different p＝sin the range of 4．O t0 7．2．The sample from  

half－Seedsincubatedin the absence of GA3for24hr  

Showed almost the same pattern as for preincubated half－   

Seeds，eXCePt a Slightincrease of p＝ 6．2（band 7）isozYme   

（Fig．2A）．However，When half～Seeds wereincubated with  

lOq5MGA3for24hrr aremarkableincreaseintheactivity  

Of p＝ 4，0（bandl）isozYme WaS Observed，While no such   

Stimulation of otherisozymes was apparent（Fig．2B）・As  

reported previously，GA3Stimulates not only acid phosphatase  

activitY（but also release of the enzymeinto theincubation   

mediun（Akiyama and Suzuki1980）．Profile of acid phosphatase   

isozymes released into the medium was essentially similar to 

that of the enzYmein halfMSeeds（Fig・2C）・The GA3－induced  

stimulation and release of acid phospha七aseisinhibited   

by CH＝（Chapter ＝＝）．Figure 2D shows that the sample from  

halfqseeds treated with GA3and CH＝glVeS a Pattern Similar  

to that of the zero time contr01（Fig．1）．For comparison   

of changesin the relative amount of theseisozYmeSin   

different samples，three major bands（p＝ 4・0′ 4．9，and 6．2）  
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were selected，Tabielindicates a dramaticincreasein  

P＝4isozyme activity bY GA3and completeinhibition ofit  
by CH工．  

1sozyme patternsin germinating seeds  

To see whether such stimulation of a particular isozyme 

Of acid phosphatase as observedin GA3Mtreated half－Seeds  

OCCurS alsoin the endosperm during germination of wheat，   

SeVeralportions of germinating seeds were analyzed for   

respectiveisozYme PatternS．Figure 3 shows change of the   

isozyme patternin the endosperm portion during 3 daYS Of   

germination．ActivitY Of an acid phosphataseisozyme of p＝   

4increased progressively with time．Changesinits relative   

amount during germination was most prominant among three   

majorisozymes（Table 2）．1n the embryoincluding scutellum   

POrtion of ungerminated seeds（P＝ 4isozYme WaS also contained   

andincreased conspiCuOuSIY aS COmPared with others after   

24 hrincubation（Fig．4B）．The presence of p＝ 4isozYme   

was foundin the sh00t and r00t POrtions from 48 hrhgermi－   

nated seeds（Fig．4C，D），  

Substrate specificities of someisozYme  

Three ma］Or aCid phosphataseisozYmeSin the samples  

from half－Seedsincubated with or without GA3Were COmPared  

in their ＄ubstrate specificitY．Table 3 shows that the  
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specificity patterns of these three isozymes are more or 

less different from one anotherr but no appreciable di，fference  

is observed between the corresponding isozymes from two 

Samples，  
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Discussion  

The aim of this studY WaS tO eXPlore POSSible effect  

Of GA30n thepattern of acidphosphataSeisozYme and to  

PrOVidemoreinformation about GAdinducedincreasein acid  
3   

phosphatase activityin wheat half－Seeds and release of the   

enzYmeinto theincubation medium．  

Acid phosphatase in embryoless halves of ungerminated 

Wheat seeds was found to consist of at least 9isozYmeS by   

isoelectric focusing・Of particularinterest was the finding   

that activity of only a particular isozYme Of p＝ 4・O was  

Stimulated dramatica11y by GA3treatment・GA3also stimulated  
the release of thisiso2：yme′ tOgether with others，into the   

medium，though there could not be clearlY found any selective   

release amongisozYmeS．  

Three majorisozYmeS（p＝ 4．0，4．9，and 6．2）showed their   

OWn SPeCificitY tOWard various phosphomonoesters and pyro岬   

Phosphates．However，there was no appreciable difference   

between the correspondingisozYmeS from half－Seedsincubated  

With or without GA3・Thisindicates that GA3maYnOtinduce  
qualitative changein theisozYme Pattern．  

Markedincrease of p＝ 4isozYme WaS also foundin the  

endosperm of germinating wheat seeds・Similar change observed  

in the embrYO SeemS tO be due to the accompanylng SCute11um′  

for cells of scutellum and aleurone tissue resemble each  

Other functionallY aS Wellas ultrastructura11y（KataYama and  
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Suzuki1980，Tanaka et al．1976），  

Bailey et al．（1976）reported that a single m0lecular   

form of acid phosphatase was presentin drY halfqseeds of   

barley（Whereas onincubation two further form were synthed  

Sized de novo and that GAStimulated activation，but not  
3  

de novo sYnthesisr of allthree forms of the enzyme・CH＝was  

found here toinhibit the rise of p＝4isozyme by GA3COmP－  
1etely・We have also found that GA3－PrOmOted rise of acid  

phosphatase activity in wheat half-seeds was repressed by 

CH＝ but not bY COrdYCePin（unpublished data）・These results  

SuggeSt that GA3may Stimulate de novo sYnthesis of p＝4  

isozYme and／or a certain activating enzyme・Problemin this  

respectis presently under study・  
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Tablel，Relative amounts of acid phosphataseisozYme  

in wheat halfqseeds incubated under various conditions．  

Relative amounts of three ma］OrisozYmeSin the half－Seeds  
were estimated by measuring the area under each peak in 

the densitograms shownin Fig．land 2．  

工SOZyme  

＝ncubation Addition  Band－1  Band－6  Band－7   

（hr）  （p工 4．0）   （p工 4．9）   （pェ 6－2）  

264（408）a  84（110）  111（151）  

24  GA3＋CH工  86  115  100  

a  Totalamount（half－Seeds＋medium）  
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Table 2．Relative amounts of acid phosphataseisozymes  

in the endosperm portion of germinating wheat seeds．Relative  

amounts of three maコOrisozymes were estimated by measuring  
the area under each peakin the densitograms shownin Fig．3．  

Germination period（hr）  
工SOZyme  

o  24  48  72  

Band－1（p工4．0）   100篭   900   1335   1910  

Band－6（p工 4．9）  100  96  83  78   

Band－7（p工 6．2）  100  101  115  196  
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Table 3．Relative activities of acid phosphataseisozYmeS  

to various substrates．Samples from halfNSeedsincubated with  

orwithoutlO－5MGA3for24hrwereseparatelysubjectedto  
gelelectrofocusing and three ma］OrisozYmeS eXtraCted from  

the gels were assayed for each substrate．Relative activityis  

expressedin percentage to the activity forinorganic pyro－  

phospha七e．  

ーGA3  ＋GA3  

Substrate（6．25 rnM）  
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Fig・1．Densitometric tracing of the pattern of acid  

PhosphataseisozYmeSin wheat half－Seeds preincubated with  

Water for 24 hr．pH gradient was established using Amph01ine  

（pH 3．5・－10）．One hundred ulof the crude protein sample equi剛  

Valent t0 0ne halfMSeed was applied to the gel．Acid phos－  

Phatase activitY WaS detected bY the diazo－dye method．  
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Fig．2．Patterns of acid phosphataseisozYmeSin wheat  

halfpseedsincubated under different conditions．Samples  

PrePared from（A）halfqseedsincubated without GA3for24hr，  

（B）halfdSeedsincubatedwith10叫5MGA3for24hr，（C）medium  
after24hrincubation with GA31（D）half嘲Seedsincubated  
With GA3＋10ug／mlCH＝for24hr were examined under the  
Same COnditions asin Fig．1，  
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Fig・3・Patterns of acid phosphataseisozYmeSin the  
endosperm portions of germinating wheat seeds・Samples were  
obtained bY remOVing the ernbrYO region from（A）ungerminated  
drY Seeds and（B－D）germinating seeds at 24 hr，48hr and  

72 hrincubation，reSPeCtivelY・See thelegend of Fig・lfor  

Other conditions．  
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of acid phosphatase isozymes in sevesal 

Wheat seeds．Samples were prepared from  

POrtions of（A）dry and（B）24 hrHimbibed  
（D）r0Ot POrtions of 48 hr－germinated  
Fig．1for other conditions．  

F土管．4．Pa上土e工、nS  

PartS Of germinating  

embrYO（＋ scutellum）  

Seeds，（C）sh00t and  

Seeds．Seelegend of  
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CHAPでER V  

PURIF＝CAT＝ON OF A G＝BBERELL＝C AC＝D岬ST＝MULATED ＝SOZYME OF  

AC工D PHOSPHATASE ＝N WHEAT ENDOSPERM   



Chapter V   

Purification of a gibberellic acidqstimulatedisozYme Of  

acid phosphatasein wheat endosperm  

Abs七rac七  

A simplified procedure for purification of an acid   

PhosphataseisozYme from tissue extracts was described．   

＝t consists of only three steps：COnCentration of the   

Cellfree extract bY ammOnium sulfate precIPitation，   

fractionalconcentration of phosphatases bY tricalciurn   

Phosphate adsorption and fractionation of theisozyme   

bY gelisoelectric focusing．A combination of SDSugel   

electrophoresis with the procedure seems to be useful   

in f01lowing theisozyme synthesis by radio馴isotope   

labelling．  
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＝ntroduction  

PreviousIY We rePOrted the embryoless half－Seeds of   

wheat（Triticum aeStivum L．）contained at least 9 acid  

Phosphataseisozymes differinginisoelectric pH and that  

GAdramaticallyincreased the activitY Of a particular  
3  

acid phosphataseisozYme POSSeSSingisoelectric pH at 4．0   

（pH 4isozYme）（cf．Chapter ＝V）．The finding raised the   

question whether p＝ 4isozYmeis sYnthesized de nov0 Or  

activated under theinfluence of GA3・To persue the synthe－  

Sis of a particular protein，it was needed to establish as   

simple a purification procedure of p＝ 4isozYme aS POSSible・   

This paper describes the results of studies on thisline・  
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Materials and Methods   

incubation of half－Seeds  Preparation and  

EmbrY0less halfMSeeds of Triticum aestivum L．cv．Nohrin  

N0．61were prepared as described previousIY（Akiyama and   

Suzuki1980）．One hundred half綱Seeds were incubatedin 5 ml   

of sterile disti11ed water in a 200 ml鵬flask at 24 Oc for 24 hr   

by shaking（120 strokes／min）．After preincubation half－Seeds  

were transferred to a200ml－flask containing5mlof10－5M  

GA3and2mM sodium acetate buffer（pH5・2）andincubated  

for further 24 hr．  

Purification of p＝ 4isozYme  

Allprocedure described below were carried out at 4 Oc・  

Preparation of crude extract：Halfvseeds were choppedin  

Warring blender at 3rOOO rpm with 50mlof 50mM sodium   

acetate buffer，PH 5．2（buffer A）．Aleuronelayers were   

collected by passing the chopped material through a nylon 

gauze and washed twice with buffer Ar f01lowed bY homoge－  

nization in a mortar and pestle with 20 ml of buffer A. 

The homogenate was centrifuged at201000Ⅹg for20min・  

The pe11et was once more subjected to the homogenization  

and centrifugation・The supernatants were combined and used  

as a starting enzYme PreParation†  

些車：S01id ammonium sulfate  
was added to the crude enzyme extract up t075 ％saturation・  
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The resulting precIPitate was c011ected bY Centrifugation   

at 20′000 Ⅹ g for 20 min and diss01vedinlO mlof buffer A・   

The solution was dialyzed overnight against 4 1 of 4 mM 

SOdium acetate buffer，PH 5．2（buffer B）and centrifuged at   

20．000 Ⅹ g for 20 m土n．  

＝車中y：The enzyme s0lution（8ml）  
Obtained bY arnmOniumSulfate precIPitation was applied on   

a CMTCellulose c0lumn（2．0 Ⅹ10 cm）previousIY equilibrated   

With buffer B．The column was washed with the same buffer and   

elution was carried out with alinear gradient of O－0・4 M   

NaClin buffer A．The eluate was collected in 5 ml fractions．  

Gel filtration：  Appropriate fractions from CM－Cellulose  

C01umn chromatography were combined′ COnCentrated to ca．2 ml   

using c01lodion bag（SM13200；Sartorius C0．′Ltd．）and   

applied on a Sephadex G－100 c01umn（2．0 Ⅹ 90 cm）previously   

equilibrated with buffer A．Elution was carried out with   

buffer A，＝n order to estimate m01ecular weight of acid   

Phosphataseisozyme，the c01umn was calibrated using marker   

PrOteins such as bovine serum alubumin（66，000），bovine   

bl00d hemoglobin（64′500），egg albumin（45，000）′ and   

CytOChrome c（13，000）．  

竺チ坤：According to the  
method of Turner and Turner（1960），7 g of tricalcium   

Phosphate was added t010 mlof the crude enzyme s01ution  
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Obtained bY ammOnium sulfate preciPitation．The resulting   

Slurry was centrifuged at 20，000 Ⅹ g forlO min，From the   

PreCIPitate washed twice with buffer BJaCid phosphatase   

WaS desorbed by suspendinginlO mlof O．2 M sodium phos叫   

Phate buffer（pH 7．4）and centrifuged at 20，000 Ⅹ g for   

10 min・The supernatant was dialYZed overnight against 4l   

Of buffer B．  

些坤  

The reaction mixture comprising O．2 mlof each12．5 mM   

PpnitrophenYIphosphatein buffer A and a suitably diluted   

enzyme s01ution wasincubated at 30 Oc for 2 to 5 min．The   

enzYme reaCtion was stopped bY the addition of O．2 mlof   

O．5 M sodium Carbonate．The amount of p－nitrophen011iberated   

WaS meaSured at 420 nm．  

辿王立垣mide gelisoelectric focusing  

The enzYme S01ution was previousIY COnCentrated to an   

appropriate v01ume using the collodion bag．One hundredリ1   

0f the sample was applied on a gelcYlinder containing   

7．5 ％ p01YaCrYlamide，l％ Amph01ine（pH 3．5－10；LKB），20 ％   

glycer01，0．02 ％ ammonium persulfate，and O・05 ％ TE班ED．   

Anode and cathode vessels were filled with 20 mM HCl and   

20 mM ethylenediamine′ reSPeCtivelY．Electrophoresis was   

Performed under a constant v01tage at 200 V for 20 hr at 4 OC，  
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After electrophoresis，the gelwas subjected to staining  

acid phosphatase using α¶naPhthYIphosphate and Fast Garnet  

GBC salt as describedin previous paper（AkiYama and Suzuki  

1980），The stainedisozYme bands were scanned at 520 nm using   

a Shimadzu dualwavelength CS－900 scanner．  

SDS岬POlyacrYlamide gelelectrophoresis  

Stained band of p＝ 4isozyme was cut off bY a raZOr blade   

andincubated with O．2 mlof O．1M sodium phosphate buffer   

（pH 7．2）containing 2 ％ SDS and 2 ％ 2”merCaPtOethan0lat 37 0C   

for 20 hr．The gel slice was then transferred to the top of   

a gelc01umn containing10 ％ p01yacrYlamide，0．5 M TrisMHCl   

（pH 8．8）′ 0．1％ SDS，0．02！arrunonium persulfate and O．05 ％   

TEMED．Both electrode vessels were filled with 25 mM Tris”   

glycine buffer（pH 8．4）containing O．1％ SDS．After electro－   

Phoresis（6 rnA／tube）at 24 0c for 4 hr，the gelwas stained   

With O．25 ％ C00maSSie brilliant blue，followed by destaining   

With 25 ％ ethan01－ 8 ％ acetic acid s01ution，and was scanned   

at 600 nm．Calibration proteins used for m01ecular weight   

determination were bovine serunalbumin，egg albumin，PePSin   

（34，000）．1actoalbumin（18，400）andlysozYme（14，300）．  
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Results and Discussion  

Figurelshows theisoelectric focusing profile of acid   

phosphatase isozyme in the enzyme solution obtained by 

ammonium sulfate precIPitation of the crude extract from  

GA3qtreated wheat halfqseeds・Atleast9isozyme peaks can  

be seenin the profile，Whichis essentially the same as  

reported previously・Theincrease of p＝4isozYme bY GA3is  

also discernible．  

CMqcellulose c0lumn chromatography of the preparation   

Of ammonium Sulfate precIPitation step gave two peaks of   

acid phosphatase（Fig．2）．More acidic peak was denoted peak ＝   

（P－＝），Whereas another one peak ＝＝（P一工＝）asin the previous   

PaPer（AkiYama and Suzuki1980）．Analysis byisoelectric   

focusing showed that P－＝ was composed mostly of p工 4isozyme   

（F土9．3A）．  

P岬＝ was then subjected to gelfiltration on a calibrated   

Shephadex Gp100 c01umn．A single peak was detected at the   

POSition corresponding to a m0lecular weight of ca．55，000   

daltons（Fig．4）．工SOelectric focusing of the peak fraction   

indicated that a cextain degree of improvement in the purity 

Of p＝ 4isozYme WaS attainedin this gelfiltration step   

（F土g．5）．  

TricaZcium phosphate adsorption is repovted to be an 

effective waY tO fractionate phosphatase from crude enzyme   

PreParations（Turner and Turner1960）．A preparation obtained  
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by the tricalcium phosphate treatment of arnmonium sulfateM   

precipitated enzymes was analyzed by isoelectric focusing 

（Fig・6）・The resulting profile was practicallY the same as  

for the preparationin arnmonium sulfate step（Fig．1），indi－  

cating that all the acid phosphatase isozymes could be 

Obtained without missing during the treatment．  

Each of the p＝ 4 bands of various acid phosphatase prep－  

arations was subjected to SDS－P01YaCrylamide gelelectro－   

Phoresis to see aboutits puritY aS PrOtein（Fig．7）．A major   

protein peak moving moderately was detected in every pI 4 

isozyme preparation tested・＝ts m0lecular weight was deter咄   

mined to be 62，000 daltons（Fig．8）．Acid phosphatase Pq工′   

COrnPOSed mostlY Of p＝ 4isozyme，Showed a m0lecular weight   

Of 55，000 daltons（Fig．4）．However，the gelfiltration   

analysis using sephadexis known to glVe an underestimated   

molecular weight for glycoproteinlike acid phosphatase   

molecule and hence，the above result seem toindicate that   

P＝ 4isozyme of acid phosphataseis a monomaric protein   

Of molecular weight ca．62，000 daltons．  

As seen from Fig．7，COntaminating proteins could be   

removed to some extent bY a COnSeCutive chromatographic   

fractionation on CM－Cellulose and Sephadex G－100．Worth   

rnentioningin this connectionis that tricalcium phosphate   

treatment was strikinglY effectivein removing such protein   

COntaminants．Thus，a Simple procedure consisting of direct  
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treatment of the arnmonium sulfate叩PreCIPitated sample with   

tricalcium phosphate and the following isoelectric focusing 

WaS found to be enough t0 0btain p＝ 4isozymein a purer form   

than that prepared through purification steps attempted  

here・The problemwhether GA3Stimulates de novo synthesis of  

P＝ 4isozyme of acid phosphataseis under study using the   

improved procedure．  
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Fig．1．＝soelectric focusing of wheat endosperm acid  
phosphatase preparation of arnmonium sulfate precIPitation  

S七ep．  
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Fig，2・CM－Cellulose c0lumn chromatographY Of acid phosH  

Phatase preparation of amrnOniurnSulfate precIPitation step・  
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Fig・3・＝soelectric focusing of acid phosphatase prepa－  
rations（P－＝and P疇＝＝）of CMhCellulose column chromatography  
Step．  
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Fig，4，Gelfiltration of acid phosphatase preparation  

P－＝（Fig．3）on a calibrated c0lumn of Sephadex Gp100．  

Standard proteins used for calibration arel，bovine serum  

albumin（66，000）；2，bovine bl00d hemoglobin（64，500）；  

3，egg albumin（45，000）；and 4，CYtOChrome c（13，000）．  
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Fig，5■ ＝soelectric focusing of acid phosphatase prepa－  

ration P－＝ after Sephadex G－100 gelfiltration・  
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Fig．6．＝soelectric focusing of acid phosphataseisozyme  

PreParation obtained bY tricalcium phosphate adsorption  

f01lowing ammonium Sulfate step．  
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MOLECULARWE（GHT（xlO－ム）  
6．2  

． 

．． 

．  

Fig・7・SDSpp01YaCrYlamide gelelectrophoresis of p＝ 4  
isozyme preparations．Each of the p＝ 4isozYme bands from  

the acid phosphatase preparations of（A）ammonium sulfate  
SteP，（B）P－＝ of CM－Cellulose chromatographY SteP，（C）Pq＝  

Of gelfiltration step and（D）tricalcium phosphate adsorption  
SteP（Fig・6）was subjected to electrophoresis on sDSMCOntaining  
gel，  
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Fig．8．Estimation of m01ecular weight of p＝ 4 acid  

Phosphataseisozyme by SDS…P01yacrylamide gelelectrophoresis・  
P＝ 4isozYme band from enzyme preparation treated with triq  

CalciurnPhosphate was used（cf．Fig．7D）．Calibration proteins  

used arel，bovine serum albumin（66，000）；2，egg albumin  

（45，000）；3，PePSin（34′700）；4．1actoalbumin（18，400）and  

5，1ysozyme（14′300）．  
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CHAPでER V工  

G＝BBERELL＝C AC＝D－ST工MULATED DE NOVO SYNTHES工S OF A PART＝CULAR  

＝SOZYME OF AC工D PHOSPHATASE 工N WHEAT HALF岬SEEDS   



Chapter V工   

Gibberellic acid－Stimulated de novo sYnthesis of a particular  

isozYme Of acid phosphatasein wheat half－Seeds  

Abstract  

Gibberellic acid（GA3）stimulatedincorporation of both  
35 3 ［s卜methionine and［Hトuridineinto acid－ins0luble materi叫  

alsin the cellfree extract of wheat half岬Seeds．Theincorpo－  

35 ration of［s卜methionineinto an acidphosphataseisozyme  

POSSeSSingisoelectric pH at 4．0（p＝ 4isozYme）was also  

PrOmOted by GA3・GA3叫Stimulated de novo synthesis of pZ4  

isozyme was almost completelyinhibited by cYCloheximider   

but not by cordYCePln．The results suggest the presence of   

Preformed mRNA coding for p＝ 4isozyme of acid phosphatase   

in wheat dry seeds and the translational stimulation of the 

enzyme sYnthesis by GA3・  
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工ntroduc七土on  

We previously demonstrated that the increase in acid 

phosphatase activity observed in wheat half-seeds treated 

With GA3is due t0largely to anisozYme Of p＝4・Oin aleurone  

layers of the endosperm and that theincrease of this parp   

ticular isozyme can be found also in the endosperm of 

germinating wheat seeds（Akiyama，Uchimiya and Suzuki）．  

We also developed an efficient procedure for analYSis   

Of acid phosphataseisozyme pattern and fractionation of   

P＝ 4isozYme uSing a dualgelelectrophoretic runs，P01yM   

acrylamide gelisoelectric focusing and SDS山P01yacrYlamide   

gelelectrophoresis（Chapter V）．Using this procedure we   

have carried out the experiments to study whether or not  

this enzYmeis synthesized de novoin GA3－treated wheat  
half門Seeds and the results are reported here．  

92   



Materials ans 班ethods   

Preparation of halfHSeeds  

Embryoless halfqseeds Triticum aestivum L．cv．Nohrin  

No・61were prepared as reported previousIY（AkiYma and   

Suzuk土1980）．  

＝ncubation of half－Seeds  

One hundred halfwseeds were incubated in 5 ml of sterile   

distilled water contained in a 200 ml－flask at 24 Oc for   

24 hr by shaking（120 strokes／min）．After preincubation half・－   

Seeds were transferred to a 200 ml～flask containing 5 mlof   

2 mM sodium acetate buffer（pH 5．2）andincubated further  

for24hr・GA3，CH＝，and cordYCePln Were added as specified  

in each experiment．  

Labe11ing of protein and RNA  

To studY PrOtein and RNA synthesis，haif～Seeds were  

incubatedin the presence of［35s卜methionine（6．7リCi／ml）  
3 

and【H卜uridine（4，5uCi／ml）．After24hrlabe11ing，10  

halfqseeds were homogenizedin a mortar and pestle with   

3 mlof O．1M Tris－HClbuffer（pH 7，4）containing 20 mM   

NaClat 4 OC．The homogenate was centrifuged at 20，000 x g   

for 20min．T0 0．1mlaliquot of the supernatant，an equal   

V01ume of10 ％ TCA was added．The precIPitate was c011ected   

On Whatman GF／C glass microfiber filter by filtration and  
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WaShed twice successivelY WithlO mlof5 ％TCA，distilled  

Water and 70 ％ ethan01，After drYlng（the filter was trans－  

ferredinto a counting vialand the radioactivitY WaS COunted  

With a Beckmanliquid scintillation spectrometer（ModelLS－  

250）in 5mlof a scintillator（t0luene：1000ml，2′5，－diphenYl－  

○ⅩaS0l：4・O g，l，4－Bis…2－（5－Phenyloxas01Yl）benzene：0．1g）．  

Preparation of protein sample  

The extract of half－Seeds was prepared as previouslv   

described（AkiYama and Suzuki1980）and proteins precipitable   

at 75 ％ satulation with ammonium sulfate were c01lected and   

subjected to tricalcium phosphate treatment as describedin   

Chapter V．  

卸阜Cryl甲中吟gelelectroph？ざ撃垂  
Acid phosphataseisozymesin the protein sample were  

fractionated by p01YaCrYlamide gelisoelectric focusing，  

stained bY the diazo－dye method and scanned at520nm・  

The band of p＝4isozYme WaS then subjected to SDS－P01y－  

acrylamide gel electrophoresis as described in Chapter V. 

＝n both cases the qelwas sliced t02mm－thick pleCeS and  

dispensed to vials・After treatmentWith O・5mlof30％  

hydrogenperOXide overnight at600C，5mlof a scinti11ator  

（t01uene：700ml，Triton x－100：300ml，1，4－Bis－2－（5－Phenyl－  

○ⅩaS01Yl）benzene：0・2g，2，5－diphenyloxas0l：4・O g）was  

added to each vialand counted for radioactivity as above・  
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Resul七S  

Theinfluence of GAっ′ COrdYCePln and CH工 On RNA and p羊♀阜至主聖  

Synthes土s  

The effect of GA3，COrdYCePln and CHZ on theincorpo－  

3 ration of［H卜uridineinto acid－ins0luble materialsin the  

halfHSeed extract was tested（Fig・l）・GA3Stimulatedincorpo－  

ration，eSPeCiallY for the second12 hr．Cordycepln and CHl  

inhibited the GA3鵬Stimulatedincorporation by about50岬70％  

irrespective of observation time．The effect on theincorpo－  

ration of［35sトmethioninewas similarlY teSted（Fig・2）・  

GA3Stimulated［35s卜methionineincorporationintoacidq  

ins0luble materials at a constant rate during 24 hr．The  

effect of GA3for the second12hr but almost not for the  

first12 hr was ＄uPreSSed bY CHland cordycepln uP t0 90 ％・  

Theinfluence of GAっ′ COrdycepln and CH＝ on acid phosphata苧箪   
3  

35 ［s］Hmethionine  activity andincorporation of  

As reported previously（atleast 9isozymes were found   

in all of the isoelectric focusing profiles of the enzyme 

preparations from half－Seedsincubated under various condiq  

35 
tions（Fig．3）・［s卜methionineincorporationwas found  

to be generally associated with more acidic proteins・ GA3  
CauSed an appreciable enhancement of both the enzYme aCti－   

vitY and the radioactivityin the reglOn Of acidic proteins   

including p＝ 4isozYme Of acid phosphatase（Fig．3B）．1n the  
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PreSenCe Of cordYCePln，this effect of GA3WaS reduced onlY  

Slightly（Fig・3C）・On the contrary，CH＝inhibited the GA3  

effect almost completelY（Fig．3D）．   

To analYZe［35s卜rnethionineincorporationinto p＝4  

isozYme and theinfluence thereon of GA3，COrdycepln and  

CH＝，the respective p＝ 4 bands were extracted and subjected   

to sDS－P01yacrylamide gelelectrophoresis・Determination of   

radioactivity in gel slices revealed the existence of a 

Singlelabeled protein of 62，000 daltonsin each sample   

（Fig．4）．Furthermore，the changing pattern of the rate of  

35s－incorporationinresponsetotreatmentwithGA3，COrdy州  

cepln and CHIwas quite similar to that observedin Fig・2：  

Stimulation by GA3，CanCe11ation by CH＝andindifference to  

COrdYCePln Of GA3effect・  
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Discussion l  

The aim of this study was to approach to the question  

Whether GA3岬inducedincreasein pI4isozYme aCtivitYis  

CauSed by de novo synthesis of this enzyme or bYits acti－   

vat土on．  

Comparison of the effects of GA3andinhibitors of RNA  

and cytoplasmic protein synthesis on uridine and methionine   

incorporationsinto acid－ins0luble p01yrnerS Seem tO SuggeSt  

that GA may not only stimulate some translation-dependent 
3  

transcription and／or postqtranscriptionalprocess occurring   

in earlier periods ofits action but also some earlY PrOtein   

synthesis depending on preformed RNA and being less sensitive 

to CHlin gross・Atleast，GA3Stimulation of methionine  

incorporationinto protein of half－Seeds could be confirmed・  

According to the fractionation procedure developed in 

chapterV，incorporationof［35s卜methionineintop＝4  

acid phosphatase was studied・The results showed that p＝ 4   

isozYrne Of halfNSeeds was synthesized de novo at alow  

basalrate even without the addition of GA3，Whereas GA3  

stimulated the rate dramatically（and that this stimulation  

was completelYinhibited by CH＝but not by cordycepln・These  

findings strongly suggest the occurence of preformed mRNA  

for p14isozYme Of acid phosphatasein wheat halfqseeds・  

PreliminarY eXPeriments using the antibody for p＝4isozYme  

gave the results supporting the above suggestion・  
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The existence of stored mRNA has been reported for various   

Plant seeds〔Maherchandaniand NaYlor1966，PaYne1976，   

Peumans and Carlier1977）．However，littleis known about   

hormonalactivation of mRNA during germination．Efforts   

are being made firstly to obtain direct evidence for the   

PreSenCe Of mRNAin wheat drY Seeds．  
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Fig・3．Zsoelectric focusing patterns of acid phosphatase  

isozYmeS andlabellingwith上35sトmethionineinprotein sample  
r 

B）3M 
； 
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Fig・4・SDSpgelelectrophoretic patterns of［35sト  
methioninelabellingin fractions of p＝4acid phosphatase  

土sozyme（叫・3）・（AトGA3′（別10－5MGA3＋100岬／ml  

cordYCePin，（C）10P5MGA3＋10咽／mlCH＝・  
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Conclus土ons  

Though a measurable amount of acid phosphatase was present  

in dry wheat halfqseeds，GA3COnSiderably enhanced the activitY  

in embry01ess halfqseeds andits releaseinto theincubation   

rnedium，Acid phosphatase preparations from the halfhSeeds   

and the medium was separatedinto two ma〕Or fractions by CMM   

Cellulose c01umn Chromatography・Howeverr chromatographic   

PrOfiles of acid phosphatase were almost the same between  

GA3－treated and the controlhalf－Seeds・These two enzyme  

fractions differed from each otherin substrate specificity   

and pH dependency of the activity．  

Both theincrease of acid phosphatase activityin haLf－   

Seeds andits releaseinto the medium wereinhibited bY CH＝．   

Cordycepin inhibited the release of the enzyme into the 

medium，Whereasit hardlY affected theincrease of the activity  

in half－Seeds・This suggests that GA3maYincrease the acid  

Phosphatase activityin half岬Seeds throughits effect on   

七ranslaセユonalprocess．  

Cytoplasmic localization of acid phosphatase in wheat 

aleurone ce11was confirmed bY histochemicalobservations．   

Subcellular fractionation experirnentS Showed that bulk of   

the enzyme activity was in the soluble fraction regardless 

Of GA3treatment and onlY alowlevelof the activity was  

associated with particulate fractions from the GA3－treated  

tissue－ ＝t maY belikelyr however（that acid phosphatase  
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previously contained in subcellular compartments was released 

readilYinto the soluble fraction during homogenization of   

aleuronelayers．  

Using p01yacrYlamide gelisoelectric focusing，aCid   

Phosphatase of wheat halfqseeds was found to be composed of   

atleast 9 differentisozYmeS With eachisoelectric pH rangM   

ing frorn 4・O to 7・2．Among theseisozymes，Only a particular   

isozyme possessingisoelectric pH of 4．0（p＝ 4isozYme）was  

enhanced sLgnificantly by GA3・Theisozyme pattern of the  
enzyme releaseinto the medium by GA3WaS Similar to that  

Of the retained enzYme and therefore there seems to be no   

Selective release arnOng theisozyme．  

A similarincrease of p＝ 4isozYme Of acid phosphatase   

WaS found t0 0CCur alsoin the endosperm portion of germina－   

ting seeds．The finding supports the observations with the  

halfMSeeds treated with GA3reflect the actualphenomenon  

Which may beinduced bY gibberellin orlglnated from the   

embryoin germinating seeds．  

A simple procedure foris0lation of p工 4isozYme uSing   

isoelectric focusing and SDS－gelelectrophoresis was established  

andbY this procedure，theincorporationof［35s卜methionine  

into p14isozyme of acid phosphatase was compared among  

halfMSeedsincubatedin the presence or absence of GA3，CH＝  
and cordYCePin・The results were：（l）GA3Stimulates de novo  

sYnthesis of p14isozYme，（2）CH＝completelYinhibits this  
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Stimulation by GA3and（3）cordYCePin does notproduce anY  

I Slgnificant effect on the GA3Stimulation・These facts strongly  
suggest that the preformed mRNA for pI 4 isozyme of acid 

Phosphatase may existin wheat halfqseeds（eVen though there  

remains a possibility of GA3－dependent activation ofmRNA・  
There are manYinstances suggesting the presence oflong－   

1ived mRNAin various plant seeds．However，littleis known   

about such mRNA for a definite enzyme．Efforts are beingrnade   

to prepare mRNA fraction from wheat halトSeeds and to demonq   

strate the polypeptide homologous to pI 4 isozyme of acid 

Phosphatasein vitr0．  
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