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A teehnique was developsd for the replé isclation
of lerge guantitien of viable end reprofucible vhesd
aleurone tissue. The iissuve conslsted of the
alesrone layer, the testa-pericsrp and & few gells of
tne siarchy sndoeperm iommed jiately ad jmecsnt %o the

inner surfase of the sleourone layer.

A sumber of wheat varieties were surveyed and one
wae seleoted whoz: aleurone tissue produced only small
amounts of se-smylsse in the shsenss =7 gibberallis

8¢id {GA; bat ressonsbly lwmrge amounis in its presense.

The Gi-indveed preduciion o c-spglase by thim
tissue was sivdied sa 2 funation of OA seneentration,
time, pH aud addition of verjous compounds such &8s
svogars, osiziem fong sond setinomyein . The response
of the tissus to GA wes found to be quslitetively
similar %2 thet of barley aleurone.

Methods for homogenising anid rractioneting the
tispce ioto subsellular components wers investipatsé,
One soluble and thres pariiculsie Fragtions were
obiatned by centrifegstion. The poriéicelate frections
gere helterogeneous but each weas snriched with one or

two specifiec organelies.



Bl

The distribution of Gi-~indvced hydrolytic ensymes
(seid phosphatsse, ribonvclease (Fl-ase) ané emylams)
among these fraoctisas was investigated safter inoubation
of the tiesue with 04 for verious times. Oniy smail
smounts of acid phosphatese snd Ri-ase were present
in pariiculete fragtions. FHowever, spprecicble
smounts of c-~smylass wers Tound in si) three pellets,
The pastare of the tissue, 3he homogenigation and
fragtionation teahniques, the senaitiviiy of the
engyme assays ani the amounis of engynes detscied,
sre disoussed with respecgt to the probabillity of
finding particulate ensynmes.

Although the resulis were inconclusive, it was
guggestad thet the Gieinduced ensymes migh? be
pariteviaite and that the homogenissition and
frastionation teohniques resulied in rapiure of the
pariicies 2 that only s srall proportion remsined
intaet. 7% was suggested thet hormonsl conirol of
the syntheais of these sngymes might bHe analogous
to that of snimel lysosomes.
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During the germinstion of eeresnl seed, gibdber-

elline srz secrsted by the smbryo into the endosperzm
where they have a marked effect on the aleuront layer.
This tissue undergoes neversl changes in both altre-
struotur: and chemiozl composition either as a result
of germination or the appliostion of gidherellie

sotd {0A)®., For exsmple, the sleurone grains (which
ars thought to be ths storage organelles for protein,
11pid snd phytate) become distended, their contents
diminish and often several grsains coalescs; the
spherosomes (whioh, ia the aleurons tissue of the
mature seed surround the aleurone grains and line the
placsslemma) diminish in size, change in shape and
staining prepertiss, and eventually dissppear. Other
mesbrasnzus struotures such as the endoplessmic reitoulum,
goigi bodies and mitoohondria become less distines snd
also dissppenr. Several hydrolytic enzymes incrsase
in concentration and are ssereied inte the endosperm
where ihey hydrolyse such storage eompounds as satareh
and protein to their constituent sugears and aminoe scilda.
Thesz bdreak-down produets, in turn, sare utilized by the
embryo for growth,

¥ The symbol OA will slways be usad to refer to gibbere

ellic aaid; other gibderellins will be designated by
the symbol an where x is the appropriate integer,
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The aleurone tissue is particulerly suitable
for the siudy of the mechanism of sction of gibberellis
agid: firstly, beocsuse 1t is homogeneons and non-
meristematis, and sesondly, because it responds to the
horamone in & specific mesnner. However, one major
dirriculsy in obtaining large gusntities of visble
tissue free of other seed materisls. In the present
tnvestigation s techaigue for the mass isolation of
aleurone tissue was developed. The response of this
tissue to GA was then oxsuined,

The experimental work involved:

a) Development of & technigue for the mass isolation
¢f aleurcne tissue;

b} Charsoterizstion ef the response of the tissue to
84 undzr variocus sxperimental conditions;

e} Practionation of the $issue 1nto suboellunlar
componenis;

d4) Exsmination of the disiribution of hydrolytic
eaxymes among saboellular fractions from tissus
treatsd for verious times with GA,
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PREVION

The aleurons tissues of ceresl seed im the
cutermoat layer of ocells of the endosperm. In barley
1% is three gellas thick, while in wheat it is only one
eell thiek (Esau, 1953). It i= dorived froz the
triple fusioen nucleus of the esbryo sev and, thes, iz
$riploid. Althouzh the aleurons layer has the samz
gonetic constitution as the underiying starehy 2ndosperm,
1t i¢ very different in morphology, chomicel composition,
metabolism aid physiological fonotion. Cells of the
starohy sndozperms sare ooccupiled almost entirely by starch
granules snd protein hodiles (Jennings gt pl., 1963;
Meeleod g% sl., 196La) and appear to b2 motabolieally
dnert at least insofar as they 4o not respire (Pelesg,
1964). Cellsz of the sleurons lsyer, on ths other hsnd,
pousess sil of the normal oceliuisr structure:z assoeiasted
with sotive metabolisms suek as nuoleli, mitochondrias,
endoplasmie reticulum and golgi bodiies,an well 2z
sleurone graine snd sphercosomss which ara presumabdly
storage organelles {Buttrose, 1963; FPaleg, 19643
Palez snd Hyde, 19643 MNacLeod g% pl., 1964a). These
gells respire at s rate comparable with thet of other
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tissves (Peleg, 196h; GHowsell and Ali Khan, 1966),

The Lmportance of the aleusrons leyer iz germine-
ation wai regognized ss sarly as the 1890°%s when it was
sbserved that this iisaus seoreies ensymez whish hydro-
lyse the siorags compoanis of the endosperm and that
the sotivity of ithe sleurons cells ia somshow eontrolled
by the emiryo {(Haberlsndt, 1890; Brown and Zsoomds,
1898). It was not amtil the i960%s that gidbersllins
wore ldentifiszd zs the coatrolling coampoundz ascrsted
by th# ezhrye into the endosperm. The work leading
to this discovery has bSesn reviewed by Brigge {1963)
and Peleg (1965) and is driefly describded below,

in a series af pspers Tomo (1958, 1960 a,b,0
and 4; reported that separates snbryos and onéosperms
of Lbarley had to be cultured togeiher for ashstantiasl
ameunis of amylase sotivity to dsvelop. He isolatsd
& compound fyom cultured embryos and from gres: melt
whieh goulid repisce the embryo in causing the endvsperm
to develop anylase metivity snd showed theit this compound
resexbled the gibhsreilins in ehemiocal properiies.
Parthormore, 2 mixture of gibbsrelliins eould duplicate

the offeet of the unknown compound or the smbrys on
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jsolated endosperm. These resuits were later confirmed
by limeieod snd Millar (1962) and Briggs (1963). Yous
eoncluded that during germination the eddiryo seorotes

8 gibberellin-like compound into the endosperm where

it initistes amylase 2¢tiviiy. The same conolusien

wae resched by Paleg (1960a snd b, 1961) who demonsirated
that Gi over » range of conseatraiicna from 2x %0”9 ta
éx *30’“" ¥ exused barlasy endosparm to reless: relueing
sugers, smylasez and protein nitrogen into the surround-
ing medium.

Eince that time, mvoh 2vidence has scoumulated
that gidbarellins are the spdogenocus hormones (Brian,
1966). Thus, OA was tentatively identified in germine
ating barley seed by Yomo (19608}, Radley {1959) and
Lazer ot gl. {1961) and positively identified in
immature seed by Joues @t a)}. {1963). vaelood and
Palmer (1966} 1dentified OA in one day old bderisy
seedlings while Yomo (1966} found gibberellin-iike
substsnoes 1 fsolated barley embryos only sfter three
days of aulturimg. Finslly, Ssdley (1967) showed that
gibborellin=like suobstences {predoxinsatly m,} were
relessed from the scutellum of seversal wvarieties of
barlsy during st lesat the firet two days of germination,
She suggested that the ssutellux might countain a pre-
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formed gibberellin precursor which is converted to the
active faorm ané pepildly translocated te¢ the endosperm
during the firat 42 hours of germinatien, At later

times the zzirye axis sppesrs %o produce GA. Ry

dissestion of 4ifferent paris of barley ewbryoes,
#moLeod and Palmer (1966} produced evidence that the
podsl region of the embryo is. the site of produciien
of th? hormone (presumsbly & gibtherellin)} whiech brings
about endosporm mobilisation snd c-amylase astivity.
(This tissue may have baen included as part of the
souiellum cxsmined by Dadley, 1967). Cohen snd Paleg
{1957} also showed ihat isolated barley esbryos
seoreted gibbereilim-like subsisnces into ihe surreund-
ing medivm, 228 that these substances indeoed suger~
release from endosperm isolisted from the seme bateh of
seed. Morwover, the gusntitize of the gibberellin-
1ike gubstsnces sad the times over which they wers
seorcted wars sufficient to sccount for th: wobilissiion
of the endosperm in ¥ive.

Thus there iz 1ittle douht that the gibberellins
are the Tactors whieh sre segreted from the embryo into
she endesperm whers they bring about yirolysis of the
storage stiareh and protein,
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2.3 JIdentification of the aleurone layer as the target

tissue

OSSR —

The site of action of the hormone was eventually
localized in the aleurone layer. The starchy endosperm
did not respond to GA if the aleurone layer was removed.,
However, the aleurone layer by itself produced hydrolytic
enzymes, perticulerly a-amylase, in the presence of GA
but not in its absence (Macleod and Millar, 1962;

Briggs, 1963; Rowsell and Goad, 1963; Paleg, 196l4;
Varner, 1964; Yomo and Iinuma, 1964a end b). The
value of the aleurone tissue as an ideal experimental
material for studying the mechanism of action of
gibberellic acid was immediately recognized (Paleg, 1965;
Verner et sl., 1965). This tissue is e homogeneous
population of differentiated, non-meristematic, non-
photosynthetic cells which responds to the hormone both
4dn yitro and in vivo in a specific and measurable manner,

2.4 Biochemjicel manifestations of the response of
aleurone cells to GA

The initial work on intact but isolated endo~-
sperm showed that a whole spectrum of hydrolytie
enzymes increased in response to GA. These enzymes
were g-amylase (Paleg, 1960), endo-B~glucanase, endo-

pentosanase (MacLeod end Millar, 1962), proteinase (Yomo,
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1961}, endopeptidase (Yoahida snd Morimeto, 1963},
mpitese {Simpson snd Neylor, 19623 Briggs, 1963},
phosphatass, peroxidssze, aetalass, irsnsaminase, inverte
ase {3riggs, 1963), ridonueleass (RN-ase) (Varner gt gl.,
29465) and enzymes hydrolysing a variety of other
savrbohydrates, protsinz, dipeptides snd giycosides

. {Briggs, 1963). TNearly 1l of these eaxyme aotivities
have heen shown teo arise in the sleurone layer (HacLesd
and Millar, 1962; Peleg, 1964; Briggs, 196h; Yomo
end Iinums, 1964a ané by Varner, 19643 Chrispeels and
Varoer, 1967s).

Time-gourse studies aiways showed an finitial
lag period <f at least 6 hours dafore an ingreass in
hydroiytio enzymes wes measuradle in isoclated sieurocns
iayers (lNscleod g% 8l., 1964b; Chrispeels amid Varner,
1967a). Maaleod gt al. (1964) indtoated ¢hat endo=fi-
glueansse was the first onzyme %o bs initisted, followed
by o-amylasa which, in turn, was followed by proteinaase,
Jacobesen end Varner {1957), however, found that c-amyimse
gnd proteinass were initisted zimultaneousiy snd had
very similar releasy curves. 2l-sse production also
was initiated at shout the same time as the smylase
and proteinase but it wos 5ot relessed antil some time
later,



Experiments with intect endosperm slso showed
that at least three dirferent parameters of the &a
Fesponsse, sugar releass, prolein nitrogen relsass and
4ry weight loss behaved in the same way with respect
to time of development, tempersiure optimum and various
consentraticns of GA snd inhibitars (Paleg, 1961%).
This led te the suggeation that G4 hed one major
“grigger® effect whish initiated all thres responses,
Unce initisted, the three rosponses then procedsd at
different rates becsuss of differences in G,,s. “hen
it became clear that these respcases wers the resulé
of incresses in hydrolytic enxymes, it waes suggested
thet A might in some way setivate plready pre~formed
ensymes {Fasleg, 1960}, The presenos of an active
cesmylase during dovelopment of the seed lent suppori
%o thiz hypothesis (Peleg, 1%65; Cuilbet and Irapen,
496%), liowever, G4 had no direct sffect on the active
ities of at least two of these enzymes in vitre {(Paleg,
1960; lsclLeod and ¥illar, 1962) snd thers were seversl
gifterant ensymes involved in the response,

Haelecd and Miller {1962) suggested a way ia
whish thess difftculties eould 4z pesalveé, They had
shown that OA induced an inoreass in ondo-feglucansse
in both intaot alsurons layers and homogenates of
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aleurone cells from ungerminated grain dut not in
filtered extracts of endosperm slices. This, ooupled
with the faot thal most of the ensymes knosn o be
sffected in the sleurene layer were hydrolytic cnes,
led them to suggest that the ensymes might be bound in
& partiele such as the lysosome of snimal cells and
that 04 zota by osusing the enxymes to be releassd from
these particles (Mscieod and Hillar, 1962). MsclLeod
2% 21. (19641) 1ater ruled ouw: this hypothesis whea they
fellesd to faolate a particle which could be stimulated
to relosse enzymes in viirg and wher they showed that
different snsymea Sovelop at different times whether

in sntact sead, endosperm or isoiated slsurone layers.

It thess ensymes were all together in a lysosoms, it was
reascnad that the time course of their release should
be 1jentical. (This hypothesis will be reconsidered
later),

Nore recent experimonis have suggested thai at
least some of the enzymes involved in ths G4 response
are synthesized d¢ novg. Acoordingly, enzyme
produection or menifesiations of it were prevented by
respiration (Briggs, 1963; Verner, 1964; MaeLeecd,
1963), snd protein synthesis inhibitors (Brigge, 1963;
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Peleg, 196Li; Verner snd Shidlovesky, 1963). In
sddition, ths ineorporation of radiosmctive amino scids

{from a Mc:-aigcl protein hydroiysate) into the proteins
which were secreted into the incubation medium by endo=
sperm pleees woz stimulated by GA, and this inoroased
incorparation wes compietely prevenied by dlmp=fivoro~
phenylalanine (18 mM) {Briggs, 9963). Varner snd
co~workers confirmed snd cxtended these chservetions

by showing that l-phtny&s&mino-mf:: was incerporsaied
into protein by utarley half-szsed both in the presence
end in the abasene2 of G4, but that the proportion of the
%“G«prehm seoreted fnto the medium was mugk preater
when GA was prosent (Varner end Rem Chendrs, 1954).

Less them LOX of this GA-infnced seareted protein was
precipiiated by hesting to 70°C for 20 minutes (c-smylase
and some of the other hydrolases zre heat atsble up to
sbous 70°C). VWhen the medium wes chromstogramred ¢n
DEAE=gellulose, c-amylame uzotivity was associsted with
ene of the radiocsctive pesks (Verner ot al., 1963). After
inoorporation of labelled leucine, alanine, proline and
threonine, tie radiosnctive amylase waa porified and
subjectioi to proteclyasis. All but twe of the resulting
pepiides were rediosctive (Varner and Ram Chendre, 1964),
This appeared to be very pocd ovidenos for the de¢ pove
synthesis of a~-smylase,
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However, the labelled amino scids were {iluted
by hyédrolysis s endiegenous protein, and so it was not
gertain that all of the amylase produced was zynthesized
48 pore. Filaer snd Varner (1967) overcams this
dirfioulty with a very slegent coxperiment in which
they insubatszd zleurons lavers with 54 ia the rpresence
of sither 321 8@ or & mixture of %'60 and sﬂo‘ﬂ..r-iuo The
a~gmylese formed in tha presenee of 3%@1”:5: weas highiy
purified and then treees of 1t {(mot enough to de
measured by onsyme setlviiy) were mized with crude
a=gaylsse formed in the preseone2 of uj‘o end sudjected
te isepyonic centrifugetien fn a cesium chlorids density
gredient. The |COwgeamylase was located in the density
gradient by memsuring snzyms netivity while the '90eqe
amylase was looated by messguring eadionciivity. I8
was found thei ths banéd of c~amylsoe zelbivily corress
sonding to ths mnuaxm vas displaced tovard regions
of higher density. This Jdemonsirated uneguivoeally
that virtuslly all of the snxyme was synthesiszed §® gove.
Jsoohsen apd Varner (1967) demonstrsied in the same vy
that Oi=indysed proteinsse wes also mynthesised {e noye.
ginee the industion of some of the other ensymes (=z.g.
RE-agse znd endo-pegligesnase) by 34 15 inhibited by
prof{ein sypithesis ibiters, 1% is possibls that Lthey
too are synithesized dg¢ novg.
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The guestion that now arises ia: How does GA
control this protein synthesis? Aecerding to Gurrent
theory, ithe protein moleeule is fonsirucied on an RNA-
tempiate {messenger EE.\ or m«RNA) which iz turn is
synthesized in the nugcleus on a couplementary A=
template {the gone). I¥ & protein is absent from &
aystem, the gene whiech godes for thet protein mey he
represssd {or "turned off¥;., If that proiein appsars
in the system in response to s certaia siimuius, then
that stimulus may be considersd to have darepresszd the
gene, thersby sllowing the appropriate messengsr i te
ve synthesissd (Xerlzen, 1963). Perheps this is what
heppens in the sieurome tissus, Little a-amylase can
be deieeted in aleurone celis of uagerminated seed but
1% i» synthesized §e novg during both gerainstion snd
trantment of the cells wish 44 §o yitrg. Hensa, JA
mey Serepress the gens which cedes for c-amylsse,

This hypothesis may be tesied by fetermining whethay
gpeoifio w-RIA synihesiaz 12 2 neoessary prersjuisite

for synthesis of ike susyme. The problem has been
gpprosshed in two ways: {(m) by specificslly imhibiting
Ria synthesis without impairing ths proiein syniheaizing
apperatue, and (b) by 4irest messurement of RNA
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synthesis in the presence or sbsensce of 0A.

Two kinds of inhibitors have been used:

a) setinomyoin U, an satibiotisc which prevents syathesis
of ANA molecules Ly binding to the gusnine residues
of the INi moleosulo end sltering its structure, thus
blosking RNA polymerase sotivity (Goldverg si al..
1963; Cerani g% pl., 1967), end

b) the purine snd pyrimidine bass snalogues, S8~asasdenine,
S-azaguanine, G-azsguanine, G-methyipurine, G~bromo-
uraeil, Z-thiouracil, 5S-fluorcurasil, thiscyiosine
and S-azacytidine, vhich efither compete with the
natursi purine snd pyrimidine bvasce for incorporation
into the newly aynthesized ENA molecules resulting
in formation of altered protein molecules {Hahkier
and Cordes, 1966), or sct as antimesabolites prevent-
ing the conversion of the purines or pyrimidinea
to their aucleotides (Rose, 1964).

Paleg (196L4) shewed that actinomyein D (5 to
500 ug/mi}, 2-thiourseil (40”7 to 10"7%) ané Sefluvare-
uraotl (102 to 10™3u) ned no sPfect on the GA-foduesd
sogar-relesse from isolated barley sndosperm znd
eoncluded thait RENA synthesis is not invelved in the Gi



response., Varner (4964) elso showed that i the
inkibitors asaguanine, thiooytosine, thiourseil end
ectinomycin D were alded to pre-incudated half'wseed
either at the same time as, or 2 hoers hefore 0A, there
was no inhikition of s-smyluas formstion. iHowever,

it %he inhibitors were sdded tc the dry half-seed at

the begianing of the pre-inoubatisn periocd, cesmylase
foermation was reversibly inhidited. Varner conocluded
that some FNA synthesis must ocoour hafore the slsurone
sells can respond to 04 but it was not clesr whether
this synthseis took plase hefore or after the addition
of GA. The possibility sxisted that in the pre-
incubaied seed the imhibitors 412 not reach the sleurons
layera kut wers sequestered or degrafed in the starehy
endosperm. This was ruled cut when Varner gt pl. (1965)
showed that the incorporation of 3%? into RNA of the
aleurons jayera waz inhibited by S50% while there was

ao effect on c-amylans Tormation.

These expsriments indiocnte that soms HRA
eynthosis takez plece during the imbibition periecd,
However, this synshesis is probably independent of
axogenous G4 bevause the half-seed, after nn initisl
izbibition period iz wzter, cen reapond ts the hormone
in the presence of the iRa~ayathesis iahibiters.
Furthesrmore, there is no indioation that the REA
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synthesised ies & measenger since all kinds »f N4
(messengar, tranafer and ribosomal) are Dili-depeadenti
(Mahler zmd Cerdes, 1966}, mpd »=RKA syathesis is muoh
nore sansitive to solinomyein T then is m-ENA aynthesis
(Reieh and Zoldberg, 1964).

Hovertheiess, San Chsndrs and Verasr (1965)
demonatrated sn offeot o 04 on RRA synthesis during
imbibition. They ineubatnd dry half-seed with 2= 0G
uridine, 819 adenosine or 2, in the presence or
absence <f GA and msasured insorporation inte Hid.

Prom 8§ %o 2 hears G5 enhianesd the incorperation whoreas
from 24 4o L& hours it emused s roduction in incorperation.
The RNA formed had # higher speeific antiviiy thsx that
& the controls and thers wes soms indigstion of & CGA~-
indgead conversion of adenosine o gusnylio seoid.
gwinmylese, messured simulianecusiy, inoreased in parallel
with the REA up to 24 heurs but continued to incresss
after the ilncorporation fnjo REA stsrted to fall off,
{The dJeorease in R¥S synthesis sfter Zi hours could be
due to &ilution by eniogenous nucleotides preduced by
Rii=ase setivity in the same way as Yo amine acide

were &iluted out by enfogenous protesliysis).

Actinompysin D (12.5 ug/mi) and S-bromsurseil
{10™> u) had no effect on incorporation into RNA in the
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absence of GA up to 12 hours {possibly indicating s
stadble meRNA polysome complex) but inkibited from 42

%0 24 hours {perhaps hecause of inereased turnever of
Plbosomes end ail olasess of R¥A fue to inerensed
syathetis sotivity). On the other hand, ihe inhibiters
sompletely preventzé the Ti-induced incorporation after
both 12 and 24 heurs. At the ssme time, there was oaly
& partisl fuhihition of a-amylase produeiions 20% sfesr
12 hosrs and 545 after 24 houra., Onoe sgein the GA=
induced RNA mynthesis 413 not preceds th: initiatien

of c-mmylese ayuthesie but Snoressed in perallel with
it. Tome of ithis TNA syathesis sppesrs %o he AeCeNs APy
for o-amylsse synthesiz io continue st fte zaximum vate
which sSgais rey be an indiestion of inareased turnover
of all RNA fractions due %o increased synthetic setivity.

Inhibisor experimenis with isoleted slsurans
layers seem to subatantiate this osnclusion (1.0, TNA
syathosis must sontines during o-amylase synthesin),
but the affect of varioss inhibiiors is sxtremely
somplex (Giriepeels and Veraer, 1967z ana B)l. Lotethyle
purine and seiinomyoin I asre twe potent inmhibisers of
RRA synthesis but their effests on the GA-indused
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ae=amylasc synthesis are very different.

#hen G-methylpurine (0.1 =) wes esdded to
asleurone layers st the same %ime sm Ga, aWLns@
synthesis was inhibited by J0%; vwhen 1%t was sdded L
hours sfter GA the inhibition wes 70% snd 8 hours after,
Li%k. Higher concentrations results? in larger inhibie
tions at these timoz, In snother typs of experiment
aleurens layers were first inoutated in GA entil the
nexinum rate of a~anylezs syathesis wae reached and
then the GA was Pihsed swey and the layers wers further
inoubated with or without 04 ples veriouz inhidbitors.
Whon the layers were further incubated without 34, the
rate of snsyme production fell off progressively
indieating 2 necesssitiy for s coniinuoua supply of OGA,
then G4 was restored to the sysiem ihe ensyss synthesis
fomedintely returned to its previous maximum raie,

“%hen 6-meihylparine (5 mii) was sdded with the second
lot of GA, c-amylsee synthesis was inhidiisd after a
shert lag peried of 2¢ to 3 hours. At the same time
Woariaine inecorporation was inhibited by 6%-70%. It
would appesr fron these experiments that a-smylase
syathesis iz dependent upon continued RNA synthesis.
Other imhibitors whieh act in the seme way sre absoisic
2¢id (s matural plant hormone), “-agagusnine snd
5-agsoytidine (Chrispeels and Varaer, 1957b).
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The conclusions based on experiments with
sotinomycin D are entirely different, “hen actino=
myein D {100 up/mi) war sdded to sleurcne lsyers st
the same time s 04, s-~amylase syniheesis was inhidited
by 585%; when it was added L hours after 34, the
inhibition was L15, ané 5 bours sfter, only 5.5k,

The inhibitiom of '*euridine incorporation into RNA
when the inhibitor was added sfter 8 hours was more

than 668, Thes, it would sppesr thet RNA synthesis

is enly negessary during the first fo® hours of treat-
ment with the hormonz end thet continued RNA syntheois
is ot necesssry for further enzyns synthesis.
Zimilerly, vhen G2 wes removed from the system es
desaribed shove, there was very litile effesl of seline
enmyein I on ayntheals of the snzyms when (4 was restored.
Ghrispesls and Varner {195670) heve consiuded from the
axperiments with these twe inhibitors that & specifie
RiA frection must be continuously synthesized in crder
that c-smylese synthesis may prodeed, and that synthesis
of this speoific BNA iz sensitive $o Inhibition by
é-methylpurine but not by setinomyein D.

éhat then is the gfieci of soetinomyein D?

Ghrispeels snd Verner (1967a) shewed that the seeretion
of c-amylase by eleurons layers is much more sensitive
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to this inhibitor than is its synthesis - seoretion
was appreoisbly inhidited at 25 ug/ml shile synthesis
wes only depressed by sbout TH. Ferikermore, when
sotinomyein D (400 ug/ml) wes sdded 7 hours efter GA
there was virtuslly ne inhibition of syanthesis bet s
complete inhibition of releass, XExperiments with
RN-ase olasrified this effect on searetion. EN-ase
inoreased in response to 34 but was retained in the
tigsue until 24 hours, after which ii was released into
the medium, When astinomyein I was sdded at the sawe
time as GA, there was no sffest on RN-sae production in
the Zirst 2L hours, dut therz was almost complete
inhibition of hoth synthesis and release in the seocnd
2 hours. CyclobeximiZs {en Inhibitor of protsin
synthesis) completely prevented relesss of the onzyme
when added at or bhefore Zi hours dut hed no effect on
relesse when added after 285 houra., Similarly, actino-
myoin D sdded during the first 26 hours inhibited release
But had no effect when sdded after 26 hours. This
indicated thet synthesis of & specific protein and s
speeific REA may be involved in the development of the
relense mechanism and that this may take place between
20 eand 28 hours after addition of GA, The suggeation
was made thei synthesis and release (st leani for Ele-sse)
may e intimetely related and thal some of the ocbserved
effects of sctinomyeina D on syntheals may simply be a
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osnsequence of inhibition of aecretion,

All of these studies with iahidbitors must be

deslt with sautiously for the fcilswing ressons.

8}

b)

Inhibition effects do not indicate the zite of
astion of a hormone mince the procsss which is
{nhibited =:ay be necessary for manifestation of the
hormonsl effeat but may be remote from iha site of
action.

Inhiki tors may have multiple sites of action:

(1) sctinomyoin D whieh was originally thought to
inhibit m-RHA synthesis hés now deen shown to
Bs & more potent fnhibitor of r-REHA aynthesis
{Reioh and Goldberg, 1954);

{41} cyoleheximide whioch was used initislly as an
inhibitor of oytoplemmiec aming seid incorpors-
tion is aliso a peotent Inbibitor of synthesis
or maturation of ribosomes {lolland, 1963;
Tampoki and Mueller, 1963 snd 1965; Vaters
snd Dure, 1966).

Hany 2shibitors may be non-speeific metabolie poisons
S.8. 8t high concentrations sotinomyoin I causes
bresk-down of meRNi in the orieplasm, 4isintegration
of struotural elements and disturbange of glucome
metabolion (Honig sad Rabinovits, 1964 ),



For these reasons the effeot of inhibitors
alone is not sufficient to piapoint the site af astion
of the hormone, The work with hish concentrations of
setinowyein I is particuviarly svepeed as indicated in
{e@} sbova, However, inhibitor siudies may peind {o
javelvement of a parttisuler biecchemieal aysiom and, if
followed up By suitable snalyses, can prove %o bHe »
valunble tool, In the szze of the sleurone $issue,
1uhibitor siudies indieaisd that RNA synthesis mighs
be inveived ir the 61 response., I the hormeoie nots
at the level of RNA synithesis, it should de pessidle to
demsasirate

) sither an incressed synthesis of FXA or an slteratien
in the kind of ENA being formed, and

b that these ghanges occcur helers synthesis of ihe
gpeaific proitsing.

Attenpts to show this with the szleurone layer,
thas fer, have Tailed. G4 443 not stimulate ineorparte
tiom of "Yoouridine into the PNA of isolated sleurene
layers (Ram Chandrs ot 2l., 9967). Farthermore, the
enheaneed ingorperation af %s-gyaaa&’mm in%s the ENRA
of unimbibed half-sesd d1& not preosie the inltistion
of new protein synthesis (Faw Chandrs snd Vorner, 1965,

="

Work with other tissues, on the other hand, does
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indiosnte a poseible effect of the hormone at the level

&f RiEA synthesis. When 4 vns =fded Quring the 1sole-
tion of nuelei fronm dwarl pea shoote, ENS synthesis was
enhanced and new kinis of 1X2 were profucad {Johri and
Veracr, 1968). G4 alss stimulsted incorporation of
2=1%G urse1l and “Zp inte KN4 of soconut milk nuclel
{Royehsondey snd Sen, 1965 bhut thers was no cvidenos

that these were noy Rinds of ZNA., The dwarf pea stem
nuclel ars froam developing, {fifferentisting csils, wheresas
the sieurone cells are neither developling nor differen-
tiating. ¥arious kinds of c¢lis may respond differently
$o the hermone and the tissus itself, in z4d4ition to the
hormons, mey render specificity.

&inoe Rh-as2 ingereasss during boih pro-inestation
of the zalf-~geed in water (perhsps in response %o small
amounts of endegenou:z gzibhersilins preasent iz the sleur-
one layers) ans during G4 treaiment of the aleurens
layers {Chrispeels and Varner, 1967a), it im possible
that the requiremeni for sontinued nXNA synthesis i2 a
funetion of the more rspld Soraover of FHA csused by
this enzyme rather then s direst effect of 04,
Alternatively, the incresse in protein aynthesis itself
say resuit in more reapid iturnover of any or all of ths

ENA fractions resulting irn the need for sontinued re-
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synthesia, This alternstive is sepporied by the
sxperiments with unimbibed half-seed in which both RNA
and pratein synthesis began simultaneously.

2.7 Sisble m-HEA hypothesis

Seheme 1 molified from J.R. Tata {1968) indicates
possiblie points of hormonal reguletion during protein
synthesis. In the previous seecticy only one of these
poseibilities s been considercd - the selesticn of
a-fNA - and 8 lsok of supporting svideace Tor the
necesaity of sny kind of REKA syathesis to precede
protein synthesis has heen found, Indeed ths initiasl
idea of derepression of & gene arcse from the assumption
thet only one or 2 fév enzymes are synthesized in
response to GA {Varper and Rem Chandra, 1964). However,
&8 noted previously, s great many unrcleted ensymes
inerease in response %o the lLeormone. This complicates
the simple derepression theory decause one would thes
have to postulate either that all of these enzymes are
aoded on tho same operon or that the hormone celeotively
dsreprosses & large nBumber of different genes,

If protein aynthesis oan prooeed without
previous RNA synthesis, the implicstion is thet meRN2,

ribozomss and t-ENA are siresdy present in the cell in
s relstively stable form and that they are prevented
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Trou synthesizing proteins until the system is sotivated

by additien ¢ the hormone.

Experimenis with pesnat cotylsions, wheat
esbryos ond cotton sesd embryos point o the presence of
stable m-RRA molecules in ungerminates sesf., Hicrosomel
prepsrebions frem unizbibed pesnut sotyledons or wheat
embryos wer: unable 4o incorporais “mxno noide inte
proisin whereas those from imhibed seed (i~i days) were
sble to An s (Mmrous and Feelsy, 196hj.  The lesien
in the unimbibed syetem wam noi in the soleble ensymes
or t=RFA But 1a the micveosomes. & shift from
monosomes to polysomes during imbibition suggested
that the unimbibed systenm was insetive becsuse of &
spaiinl separation of =~HE8A frem the ridosomee {lMarous
end Feeley, 1965; liaveun i sl., 1566)., ince
astinomyolin D 440 not prevent setivaiion during lubibie-
tion, the need for synthesis of new m=-EFNA was ruled
out (but ses cavtions en use of inhibitors, section
2e62)s Activetion of ribosomes from unimdibed seed
wes sehieved In yiirg by pre-incubeiion of the isclated
rivosomes sither with unfrestiongled homogenats or
with ths regombined 20,000g pellet, 105,000 g peilet
and 105,000 g supernatant {Harous snd Pesley, 1966).
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Thene experiments suggest that stable m=-RNA is present
in the unimbided 2eed and gombines with monosomes teo
form polysomes Suring izkibition.

Wateras ard Dure (1964) alsoc produced evidence
that there is sitsple n=-IR: in coiten nmeed evbryos.
fowever, in contrast 4o the findinge of Hareus and
Feclay for pesnui cotyledoas and whest svbryos, they
found no shift Trom monosomes $o polysomes Auriag
inbibition. The nuuber of poiysomes relstive to free
aonomeric ribosomes wes as high in meture embryos as
a8t any subsaquent time during germinsticn {Dure end
‘é”a;:*;ora. 19653,

HYore recently Chen 6% al. (1968) have confirmed
the hypotheais that a stable 3-ENA 23 present in
snizbibed 7heat ewbryos and that it is aotivated during
imbibisien. These workers showed thaet there wae
little “°P incorporation inte XNA during the rirst 2h
hours of germination but considersbie incerporation
from 2i; e 48 hours., Totel R¥A extrsoted from both
uaimbibed embryos and embryos germinatzd for 48 hours
showed tempiate aotivity when added to a cell free
aystem of ribosomes from jggherisiis gol Hybridizss-
tion experiments with DIi, in whioh RiA from dry

embryos was allowed to compote with that from embryos
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gersinated Tfor 2ii end 48 hours, showed that the m-RNA
wes identical in 211 three kinds o ezbrye., Hewever,
embeyos germinated for 72 hours coatsined some

different m=RNA speecies,

From this work 11 weuld appear that no new
m=-Rii& 10 synthesised in wheat embryoz for ai least the
first 24 hours of imdbibition although astive protein
synthesis occocurs daring this time (Mareus 2% al., 1966),
From 24 to L& hours more of the =~-R¥A mpecies whish
are already present in the dry sesd are sctively
synthesized, It is not until 72 hours that 4ifferent
kinds of m=}HHL bogin o sppesr,

From ihe Teoregoing, it is clear ithat atable

forms of a-RNA exist in plsnt tissuas and, consequently,
that new ==REA aynthsais noed aot be a prerequicite te
new engyme synthesis. Thle zppears o b particulsrly

true in seedp 2uring e early siages of germination.

It ia thereforée necesasry to consider ways
in whieh G4A can gontrol protein syntheais osther than
through an effzct on m=RNA aynthesix. Btudies of
shanges in ultresiructure of aleurome cells in response

to GA snd sonsiderstions of the enzymes involved in the
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GA=iniuced responses will be discussed since they offer
jmportant olues sbout potentisl control mechenisms.

Using the eleciron mieroseops, Faleg snd Hyde
{(4964) sxsmissd dry barley aleurone tissue, imbibed
tissae and tissue inoubated for various times with
#ater or GA. Only two kirds of organelles were sbvious
in dry, untreated aleurene sells fixed with KMoO,

a) large aleurone grains comprised of a single
eleotron donss body (sbout is &iameter) and
two or more slectron transpsrent bedies (in
or less in Alameier) embedded in s matrix
whiol was surrounded by s unlt meshrane, and

b) smsller mesbrane~bound zpheriecal bodies {eboul
0.2s dlsmeter; called spherosomes wihiioch were
usually elsotron transparent but sometimes
slectron denss, These zpherosomes wers
positicned around ihe periphery of the
aleurone grains snd slong the sell wall.

Hydratioa of the tisswee for 2 to 43 hours
inoressed the olarity of the eyioplasmic bodies and
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membrancus structures espectally mitechondria, golgl
bodies and plastides, Aleurons grains were relatively
unaitsred, However, the spherosomes beoame more
firregulsr in shaps end were uscally more cleeiren
dense, perileularly around their peripheries. Very
fow other changes ook plase with further incubation

in water,

After 3 hours in 54 the spherosomes bYegame a
iittle larger, less sleciron dense an? were no longer
a3 regularly distributed along the cell wall, The
membranes of the sleourone grains becarns extended snd
the grains inoreas:d in sise. There »as some indice=
tion that sleurone prain mentrenes formed projestions
towards the spherosomes. At 48 hours the zleurone
grains were vary irreguler in shspe and some grains had
begun %o comlemoz. The electiren iranspsarent ineclusions
within the sleurone grains azlso hecams extended and
fraguented., At 24 houre the sleurone crains were
extremely irregulesr In ahape with largs extensions of
the sexbranes resembling sndoplasmie retisulum (ER)
profiles. Thes electron irsnsparent itnclusions hed
virtually disappeered slthough thers sesemed to de
11ttle shange 15 ihe electron dense dodtes. By 42
hours the alesurene grains of ths eonirsl tissue were
begoming slightly irregular and there appesred o be
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fewer spherosomes particularly sround the aleurene
grains,. In the Gi-trented tissue st 42 hoursz the
spherosomes had wirtually »11 Aisappearsd, szleurome
Freing hed foped into lerge vacveles filling slmost
" the whole eell and therz wea sxiensive porrosior of
the cell wall, However, there were still normal

mitoshondris and polgi bYodien present cutside the

veaioles pariicularly nemr the 2all walls,

In summary, the most obvious serly chenges in
the Ga~treated aleurone cells wers the aiterstion and
dissolution of spherosomes and aleurons greina,
Inforisnately, the ondoplasmioc reticulum end ribosomes
wers noi well preserved in thess studies send eo nothing
sl be sald about changes in these oconstituents.

2.82

Vea der &b snd Nieuwdorp (4567) stedisd changes
whieh soeurred la alecrons cells furing normsl germine-

tion of warley seed at 1190, The ¢hasges shder these
zonditions were moch aslower prosumsbly becsuss of
desreased rates of imbibition and transport of endogencua
gidvereliin o the target tissue. “he sphercsomee and
aleurone graibs underwent glterations guite simiisr to
those sblained 4z yiiro exezpt that the sleurens grains
@14 not mppesr to coslesce with each other. Jhen the
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contents of the zleurone grains seened to be very much
depleted (17 dsye), spherosomes were still present
slthough fewer in number. The dense globoids in the
aleurone grains, slthough atill present at the end of
47 dsys, were somewhat sltered in shspe in ocontrast to
virtaslly no change in the sppearance of thease bodies
in the Ap Yi3ro system. The ER which was noi seen

in eells from seeds imbibed for only 24 hours inereased
in amount during germinstion snd formed parallel rough
lamellar stscks which wers numerocus by & days.
Freguenis of the Kk were often found associajted with
sphercsomes while othier regions showed numerous $srminal
swellings eajzeially in the region of the aleurone
grains, These terminal swellinge sppesrei o be
pinched off from the EX %o form spherical vesicles of
medium slectron density. In some instances b and
both iatao: apné coliapsed vesiclies mppearsd to be
sssociated with the plesmaiemma, The cell wall wes

extremaly eorroded by about 10 days.

One other change whioh was chaervsd as germina-
tion prooeeded was sn inorease ia number and aize of
the oristse of the nltochondris perticularly at 5 e
10 édays, Tollowed by & reduction in auwsher and sige by
17 to 19 days.
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Deplatiion of the sontsnts of boith spherosomes
end sleurone greine during germination or GA treatneat
is consistent with their postulated funetions ae
gtorages bodiesn for lipids, proteins sand phosphoras
{Ven der iv and Nisuwdorp, 1967). Chenges in
mitochondria suggest an inoreased energy metasholiism
which would be neosesery %o maintairn the enhanosd
synthetie sctivity. Proliferation of the ER amd
formation of Serminel vesicles whieh bYeaoms detached,
first in the region of the aleurone grains and sphero=
somes and later throughout the cell, supgests an
increased protein syntheasis coupled with formeticn of
protein eontaining vesicles which appsar to be discharged
at the plasmalenms pertiscularly at the time when cell
wall gerrosion heoemes extensive, These vesieles
sould b= the vehiclen Por asoumulation, trsnsport and
pesretion sf the newly synthesised CA-induced hydrolysite
snzymes.

2.9

The aobivities of several snaymes are enhanced
when OA 1s applisd to the aleurone sells (seciion 2.4).
Thesae Oi=induced enzymes are as falioware



awanylase endo=llegl ucannee
Kli-ggae and openiosanase
aclid phosphaiase iavertese
proteinase peroxidase
endopeptidase catalane
dipepiidase iransssinese
maltase

The sajoriiy of these enzymes sre acid
hydrolsses and in saimal sellc seny of them sre looal-
igod in lysomomes., Two {ypes «f pleani organeliles
have beei suggested as poleatial plant lLysosomes,
sleurone grsins {Yaisu and Jesks, 1967) snd spherosomes
or vacuoles (Balu, 1965; Helocmb o% al., 1967; datile,
1968). Hoth of these kinds of orgenelles are pressad
in the aisurons oells and, a5 desoribed in seolien 2,8,
sndergo considerable nmodification during 04 treatment.

it the enzymes listed sbove are loceied in
mesbrane-tound organeilies, it is possibie that the
soniyel of sdditional sisyme zynthesis i3 similar o
that suggested by de fuve and waittisux (1966). They
postulased 1:at the relesss of lysononmal snzymes in or
irom animal cells uey so% es 8 stimulus for the syathesis
of mors iyacaomes anf that thiz phenomenon may be
ender hormonal control {(slse Gehsn, 1967). liadeed,
the whole process of aynihesis, transport and release



of secretory granules by pancreatic cells eppears to
be hormonelly sontrolled {Hokin, 1968; Seames snd
Kessel, 9i968)., The formstion of vesicles and the
epperent discharge of thess al fhe plesmalemma

suggestis that 2 similer process may oocur in the slesure

one cells of zerminating berley sead,

Ia summary, the Collowing ¢vents must take plsoe
in the sleurone eeils during goermination or fA-troatment

{sltheugh not necesserily in the sequence indicsted):

{1) Initiation of hydroiysis of storsgs lipid, proteinm
and phoaphate and transport of the hydrolysstee
%0 sites of energy, membrane ané profelin metabolismg

(2} Proliferation aof EE snd miteochondrisl membranes
{3) Snhancement of respirstion snd protein synthesis;

{h} Bynthesis, packeging and export of searetory

proteins.

Zone of the Ji-induged sngywes has been looalised
within the slourone celis, The ultimaie aim of the
present investigation was te determine whether or nod
any of these enzymes are membrane bound, %o do this,
it was first necessary to develop a method for ihe mass

isolatisn s eleurone tissue. Thig %issue was then



fractionated into subeeiluler components, an? the
assoclation o seme zf the fi~induced ensymes with these
fregtions vas ptudied.



3o IXPERIMENTAL AND BESULTS

of #leurone sue

In theory, the aleurone lsyer is sn ideal tissue
with which to study the rmeohanism of setion of GA. in

praatics, 1t is far from ideal.

The firat sajor difficelty is the separation of
thip tissue from the rest of the seed, perticulsrly from
the wnderlying sterchy sndosper:, freviovsly, three
methodés have been used: =) hand-ueeling hsifesesd whish
have besen pre-incubated in water (Fsleg, 1964; Vernsr and
Rem Chendra, 1964), b digesiing the estarehy endosperm
with & mixture of hydrolytic enzymes obtained from
Irichoderma viride (Yome and Iinume, 196Lb; snd
&) grinding soaxed halfesesd by hand 15 & glase
homogenizer (isoleod g% ni., 1564b). The first method
iz time-~consuming snd ¢ntails much handling of the
¥issce whioh, in turn, increases the dasnger of miercbiml
sontamination., The wecond method requires prolonged
incubation of the tissue with hyirolytis ensymes whioh
may sliso affect the aleuvrons gells. The third method
mey also result in damsge o the tissuve, Large guentities
of tiseue cannot be laclated casily by sny of these methois,
Therefore, the firat step in the present sivdy was to
investigate ways of cbtainiog large gquantities of viable
alearone tissue relatively quiskly.
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3.11 Eesponse of wheat will bran to GA

Hoat of the previcus work on the Gi-induced
respolss of ceresal aleurocns tissue has heen done with
barley. However, the sleurone laysr of berley is
three gells thick and the cells sometimes vary consider-
shly from one layer to another (Paleg end Fyie, 1964).
The aleurone layer of wheat, on the other hand, is enly
one oell thick and, thus, should be much more uniform
in respenas to the hermens, In additien, the proieins
of vhest aniospers are more water-solubls than those of
barisy endosparm and, therefore, should bs more easily
rinsed away from the sleurone layer, Finally, there is
& ceriain amount of exprrimentel svidenaoe thai the
aleurone tiscue of ai least some whest varietie: responis
to GA i & manner anslsgous to thet of barley {Paleg ot al.,
99623 Fowsell and Goad, 962 and 1963; Rowsell g% al.,
1966).

As & Tirst step wheat mill bran was investigated
as & potential experimental matsrial, i vheat bran
rfraotion ean ks obiained which contains the aleurone
laysr and comprises 1li=16% of the grain., This can be
cesurad in large guaniities by s milling process which
separates it from moei of the starohy endosperm {Hlynks,
1964}, Stimulation of s-smylase production was chosen
88 the ariterion for the 34 response.
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Iry seed of the wheat varisiy, “ollongong,
were out in half with z razor bisde and the embryos
disoarded., The halfeseed wers sosked Tor 24 hours in
& quantity of water sufficienti %o bring the molsture
content %o 17=-19%, Theses imbibed half-~geed were milled
in & rollor-type flour mill with the first bresk at
1/20,000 1neh, the necond at 1/30,000 tnen end the tnire
with rollers touching. The milled meterial was sieved
for S minates snd the Lran frection, whieh was retainsd
on the largest mesh sieve, recoveresd, This fraction
represenied 16% of ke initisl weight of the helf~peed
ani consisted of emell pieces (about 2 sm x 2 nm) of
gleurone lsyer with adhering teate~poricurp and asome
starehy endosperm, The vwhole milling snd sleving
prooeas was completsd in enly 1% nminctes.

Four namplea of miil bran were weighsd into
100 ml erlenmeyer flasks and inevbaied in s sheking
water bath at 30%C with efthor % =l of water or 5.ml of GA
(100 pg/mli. Of the two samples inoubated with Ga, one
weighed 133 mz snd the other 269 ng. Similar swmconts
of %issus were inoubated with water. After 2L hours
the asizient solations wers decantsd snd c-amylase
a0tivisy ¥as measured by the precedure of PFaleg (1960b).
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The rescition mixture contsined:

stareh (solekle potato, 1%} 1.5 ml
Acetate builfer (5,01 w, pH L.B)} .5 ml
ingyme and water 1.0 ml

Total volume 3.0 mi

The starch wes prepared by boiling csne gram of
soluble poteto starek {(BDH, AR} in 100 ml of water for

§{ minute, cooling snd centrifuging. The asssy was
gerried ocut st 37%C; ©.2 ml eliquots of the resetion

mixture were taken 8t suitable times nnd added to ¢, ml
of an IKI solution (0.2% fodine in 2% potassium iedide)
and immediately diluted io 40 wl with water, The optieal
density was wmeasured at 600 n=m on a Ynieem 5P350 apectiro~
photometer., The engyme molutionsz were meda 5 millimoliar
with cslcium ncetate and heated to 70°C for 20 minutes

to destroy f-amylase hefora sesaying. Easyms setivity

is expressed ns the thange in ithe percent of the inftial
optionl denmity {OD) ad H00 nm per hour per amoent of
tissus in the sample.

No c-amylase motivity was deteclted in any of the
ambient solutions. Furthermors, sleciraphoreiie
exaainstion of the ambient sclutions submisntimted ihe
conesusion thaet GA hed 1i1%tle, if any, zfleot on wheat
aslesurone obtained in ithis way. (The resolte of shese

eleetrophoresis experimente, esnd & brief comparison with
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the GA-induced shanges in protein snd sanzyme speotrum of

barley sleurone are shown in Appendix 4.

The lack of responsiveneszs of wheat sleurons
ohtained zum a mill Lran fraciion eould Lave dbeen fus

either %o the rather severe nilling technique, or io

an intrinsic inability of isclatel rheal sleurcne tissus
of this varisty %o reset %e GA, 7o deternins the resson,
hand-peeled aleurons layers wers tested for their
a-anyleze« profueing capueity in the pressnce and shesenee
of i,

Zhole seed u the variesy, Wollongong, were
sterilised by sosking st 3070 for twe hours in & freshiy
prepared solution &f caloium hyposhlorite (5 g esleium
hypeehlorite shaken for 10 minuies in 100 ml of water and
fiitersi) rollowsd by rinsing ten times with 10 ml
sterilissd water (Gistilied dsicnized water suisslaved
for 20 minutes at 2 atmoaphrres absclutis pressorse),

Both ends ¢f the peod were excised and the embryo-halves
disoarded., The ocut seed wers rinsed smein with sieriie
ised water, placed on filter paper in petri dishes and
ineubated 1u water st 30°C for 16 hours. (Abeut 50
half-szed were incubated with 410 ml of water in a 9 om
petri 4ish,) The soeked half-seed were alit with a



>
-9

ragor blade along both sides as near the crease as
poeeshle, and ths aleurone layer pluz testa~pericarp

was poeled of'f with a pair of forceps, The isolated
aleurcae layere wvers ther sheken for 30 minutes in a2
water bath at 3&”6 tos rinps off adhering starech granules,
Aftar o Tinsl rinse with sterilised water, the layers
were placed in 00 ml piszr-sioppere? erlenmeyzr flasks
with sither water or GA (100 ug/ml) and shaken st 30°C
fer 24 hours., All solutiens ané inatromente used In
this isolation proeaiure were asterilised. The cuiting
and pesling of the seed was carried oui in a small chesber
whioh hed been sterilised by fumigsting with propyiens
glyeolo

Twenty~five sieurone layers were pleced in each
of foor 4100 sl erlenmeyer flasks with either 2,5 mi of
Ga (100 ug/ml) or 2.5 =1 of water. The flssks wers
incubated in & shekinz water bsth at 30°C for 24 howrs.
The anmbieni soluiions were dscznted, dlluted with an
equal swount of 10™° M caleium soetate &nd stored in the
ecold vniil reguired. The tissues were rinscd with lee~
gold water, blotted on filter pager, ground with soide-
=ashed sand in e moriar and pestie In 2,3 = of Sx 1075 u
calsium soetate and senirifuged for 1% minutes et
20,000 g. o~imyless zelivity wes messured in bhoth amblent

solutione and sxftirescts as described in meciion 3.11.
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The results are shown in Table 3,12-1,

froduction of a-amylase by hand-peeled wheat sleurons
tissue., Veriety: tollengeng. Incudbetion mediuvm:
rater or 04 (100 png/ml). Tempersture: 309C. Times 24
hours. IEnsyme sctivity: ohange in peroent initisl OD
at 600 nm per hour per total wolume of sample.

cesmylass sctivity®

Trecsiment - .
Ambienta lixtracts Total
tater 124 0 924
8A 239 157 396

% zach value is the mean of iwe determ-
instions on two different ssmples.

Both smbient sovlotions and exiraets of tissue
treated with OA oontainsd considersbly mure c-smylase
than the water eonirols. This indfcated unequivoasbly
that whest sleurone does infesd hews the eapsoity to
respond %o GA in & meansr gpparently identicsl to thst
of bharley slourone, ani that the mill bran frection
teased in seotion 3,11 must have deen teo seversly
damaped to producs the response,
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It is noteworihy, as menticned esrlier, that the

proteins of whzat endosperm are relotively more weter-
soluble than those of barley snd, thasrefors, may be wors
resdily dissoived away {rom the aleurons layer., For
exsrpls, anly 16 hours were necessary to soften wheat
halfessed for hand=poeling whereas 72 hours wers required
for hHarley.

Orsham ot gl. (1963) used a “roller-mill”
teshnique for squeesing the soft endospera of Immaturs
wheat zrains out of the seed coats. The seed vere
rollal between two retaiing surfsces, ressltiing in rupture
of the tough outer seed coat snd squeesing out of the sort
inner endosperm, Residual pieces of andosperm wers
wvashed oway by the aﬂdﬁim of & buffTer solotion. This
technique was tried with mature whaat in the hopt thas
th2 halfe-seed could be sefiened sufficiently for the
siarehy sndesperm to hs squeesed troé the outer layers
end rinsed away with water.

A roller-mill consisting sf an cuter serew-tep
glass jar (diameter 12 em) snd an inner polythene bottile
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£illed with sand (dismeter 7 om, weight 1169 g) was
rotated by mouniing on & zet of motor-driven rollers
{Pigurs 3.131=1). 4 varisble-spesd molor wos used
initislly sc that the speed of rotatien sould be sltered

as desirzd,

The method depenis upen a) softening the starchy
endosper= %o sush » degres that 1t will be squeezsd out
of the tough outer layers of the seed when 1% 18
erushed hetwesn the two bottles, sad b} rinsing svay
the remaining starohy endesperm. Thrss variabies weare
found to affeat the degree %o which She nlourons layers
esuld e freed of starehyr endospern:

8) time of 1wdibition of the half-sesd;

b) sddition of sultable smounts of waier ai appropriste
time intervale during the rolling proaess; |

o) speed of rotation of the mill.

The following are some obgervaiions which led to the final

stendardized mesthod,

a) Time of imbibition

Half-seed, (mbibed st 30°C for various pericds
of Sime afser the initial 2 hour sierilization peried,
were placed in the roller-mill end rolled for 30 to i35
ringtes with the addition of 10 ml siiguote of water at



FIGUR 1351-

The roller-mill: oqonstani-speed moior (left
fore-ground ); large-mouthed glass bottle (top);
polythene bottle filled with send (inaide glase

bottl‘; »
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guitable time intervals. &t the end of the rolling
procedure the contentis of the mill were pourad onto a
sleys anéd %he starohy endosperm rinased away with water,
The aleurcns layers sttached to the testa-periearp
remained on the sieve. They wers sisined with IKI
{0.2% iofiine in 2% potassiuom iodide) snd the amount of
siorch sdhering %o them sbeserved, It was found that
nalf-soed goaksd for 22 %e Zi hours yislded the clesnest
tissus. Arter shorter timee of imbihistion (12 and

14,5 hours), the starehy endospera imued intely adjneent
o the eleurone layer was not softened enough end could
pot he removed. After ienger times (26 hours}, the
sndospernm was too zoft end {formed & giutinoun dough
shigh sdhered temsgiously %o the sieurons layer.
Tharefore, 24 howrs sfier the initial two hour sterilisa-
tion paried was selected as the standard imbidition time.

b) A4ddition of water during rolling

I¢ too much water wes asdded initially io the
rolleremill, the halfeseed simply floated behind the
inner polythene iattla snéd were not crushed between 1% and
the glass jer. If too Little water was added inttially,
the half-zeed were orushiel batween the two bottles and
the endosperm beceme sticky and doughy, adhered to the

glass jsr sani waa difrieult %o rinse away. The final



progoedure sdopted was as follows: for 15 g of half-seed,
10 ml of vater were edded initially and every 5 minutes
thersafter for 2 total of 30 minutes, The tissue was
then rinsed on a sfeve with 1.5 litres of watsy,
replacad in ths mill and rolled Tor 2 furiher 3 minutes
with the zddition of 40 ml of water every 1.5 minutes.
Thie was fellowed by 2 second rinse on the sieve with
another l1itre of water,

¢) Specd of rotation of the rollsr mill

The zame Jdiffioulties were encounteresd for too
high or to¢ low a spesd of rotation s for the addition
of toc mueh or too iittls water., Furthermors, the
tissue was Jamegszd 1T the speod was too high. The
optimun speed was aboul 50 rpm. The rarisble-speed
motor was then replsced by an sppropriats constant-speed

motor,

The final siandardised procedure is sa followss
1) Cut seed in helf with razer 5lsde and discari embryo-
half,
2) Transfer 5 g of half-seed to s 100 mi glase-steppered
erlenmeyer flesk. Surfsce-sierilize half-zeed for
2 hours 2t 30%C in 10 m) of 5% eelefum hypechlorite
end one drop of detsrgent.
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Rinse half-geed {0 times with 10 ml of water using
an sutomatic ayringe, Filamg mouth of flssk and
%ip of syringe after ssoh operation.

Finally, add 10 =zl of water, flame mouth of flaak,
and slurry water snd half-sesd into a 9 om patri
dish enclosed within 2 15 am petri 4ish.

Inguiate half-geed in the pelri dishes far 24 hours
at 30%C,

Irapsfer the imner petri disik contsining the halfe
sezd %0 & sterile cabinei containing previously
storiiized squipment.

All subssguent procederes are ocarried cut inetde
the sterile ombinet (Figurs 3.131=2j.

Rinse half-sssd 3 times with water,

Transfer half-seed in roller-mill.

Roll st 50 rpm edding 10 mi waier initially and
svery 5 minutes for & total of 30 minates.

Hiase sway starchy endesperm through 2 sieve
{aperture: 2x 2 mm) with 1.5 iiires of water,
Reglage aleurons tisaue in roller-mill,

ioll fer a further 5 minutes adéing I17 ml water every
1.5 minotes,.

Rinse tissue on sieve with an sdditional 1 litre of
walisr,

Hemove exceas meisturs by plseing the alsurone tissce



The sterile cabinsts a plexiglaes cabinst with top~speaning
doors and four arm-holes, Conneetion tube to suetion pump
(ovtaide, far left); sonneetion tube to sterils water
reservolir {outside, lefg); bushner funnel (inside, far
left); roller-mill {left of centre); bunser burner (hidden
b#hind reller-mill) and contsinar of propylens ziyeol Tor
fumigsation (right s poller-mill)s top psn balsnce {far
right); flask of sterilised water with sutomatic syrings

{vack senire).






petween luyers of nylon geauze sandwiched between o
single layer ef Filter psper and several outer
layers of zbhsorbent tissue in 2 1% com petri 4ish.
Biot for 3 ainutes.

15) %eigh cul required smounis of tissue and place in
ineubation flasks o petri dishes.

16) 4dd sppropriste test sciutions with sierilized pipeties
4 WTinges.

17} Incubate at 30°C for Jesired times.

Seil2

It 1= obvious from the procedure outlined above
that the tissue 2ould bheeoms contamlanated with ndero-
organiams st zlmoat svery aiep especially if sli proced-
grea sre carried out in the opren laboraiory. It was
necessary, thersfore, te sterilise sll seiutions and
squipnens and to carry out meas of the prosedures inmide
2 sterile aahiégt as indiceted in step 6 and shown in
Figors 2,151-2,

The preesutiions taken o eocntrel miercbisl
sontsmination were sas follows:
giep ¥ iach Tive gram quantity of half-seed was sosked
for 2 hears st 30°0 42 10 ml of caleium hypochiorite

{5 g esleium sypoohlerite shaken in 100 mi of water for
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ten minutes snd Tiltered) to which wae added 1 é&rop
of s detergent, Teepol(ihell Chamisals, Ausiralis Fily.itd.).
f#ter 3r The sorfece stevilized scad wers then rinsed

40 ¢imes with 10 =l aliquois of sterilized water usiang a
sterilized 10 nl aulomatic syringe and flaming doth the
tip of the syringe and the mocth of the flask after aach
rinse. I this proocdure was onrrisi oui in the
isboratery, the bench was wiped with 7034 sthansl and the
area over the enoh spraysd mith 704 athanel to seitle
dust and spores Before opening the flasks,
Steps 3 snd L: Pinelly, 10 =l of siteriliszsi water were
addnd to the flask, the mouth of the {isskx {ismed and
the half-geed guickly slurried inte m sierilized 9 em
peirt dish enclosef in a larger sterilised 35 om peiri
dish,

Step 6: A few hours befors the isolation was to take
plece, all squipment teo be used for milling waz suto-
zlaved end plesed in the cabine: whish wes then aterils
ized by fumigsting with propylems giyocol., 7Tha 9 om
petri dishes containing the imbibed hali-seed were
transferread e the ssbinet, isaving behind thes outer

1% om petri &ishes. Hands and arms were theroughly
gorubbed wiith detergent sné 705 ethanol befors they were
plaged in ithe endinet.

Steps 7=15: These precadures were sll carrled out inside
the sterile ssbinet. ‘The only pisce of squipment that
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aould not be sotoclaved was the polythene hotile of send
and this wag stored in 70% sthenol and wiped dry with
sterilized tissue paper before plscing in the rollerw
mill. VWater wae 8dded during the rolling process with
g aterilised mutomstic eyringe fitted with a hypoedermis
needle rhich could ke insertsd intoc 2 seall speriore in
the rollsr<-bottle top. All test solutions {0 be used
were either avioclaved or filtersd throuph sterilised

Miliipore filters (pore sise 0.22u).

Hierobisl contamination was determined st various
timea throughout the procedure in several differeal
gxperimenis by platiag sliquots of solutions and pleces
of tissue or helf-seed onto nutrient ager. iesulte of

8 typlioel experiment sre shown below.

One ml aliguots of aolutions, or pleces of
tissue or half-seed were plated on nuirient agar {1.05
sgar, 0.9% Difeo yess$ extraci, 7.1% peptone in iep
water) sn? incubeted at 3@°€ for 48 hours. Bacterial
anéd fungsl colonies were then counted, The resvlts

are shown in Teble 5,9132-1.
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Nigrobial contamination o half-seed, alsurone tissue and
Muzttm solutions at various stages of the isolatiocn
procedure,

Zelutions 2t snd of 1 7 0

24 hour imbibition 2 2 5

pericd 3 5 0

Halfeseod at end of 1 0 2

2 hour imbibition 2 ] 0

period. Thrae half- . 0

seed plaied for sazh

sample

inbiont sclutions sfter Hater 63 0

9 hours inonbation g 635 0

inter 13 0

A 15 0

Ambient selutions afte: Jatey 418

36 hours incudbation BA 29 0

F 7

Alesurons layera afier ¥ater 0 0

24 heurs inoubation. - 4] 0

8ix picces from 6 4iff- » 0 0

erent flasks plated. m:. g g
- 5] o

% 54 prepared with steriliszed water but not filtered
through Nillipore.
&5 oA filtered through Eillipers.
EBE ,rver tnoubation of the sleurone iissue on the

ager slates for 96 hours, two pleces showed fungsl
and one bscterisl growth.
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Thus, the baeterial snd fungsl counts were
exiremely lor indicating thet the procedore was sdegquate
for the malntenance of reasonsble sisrility.

3.153 Reprofucibility

Two eriteris have been esed to determine the
reprofueibility of the isoliastion prooedurs. Firsily,
the fresh weighi to 4ry weight ratics vere uvsed to
refleet sny 2iffersuces in the tissue from sample to
ssmple, Seconfly, the smouni of contemination by
starchy endosperm was estimsied by messuring the smount
of starch present in the isclated tiamue,

a) Fresh weight to dry weight ratio

Samples of tissus were taken from hree separate
isolations onarried sut on Jifferent days. The freeh
weight of the samples was deteramined and ths tissue was
then frossn on 4ry ice and lyephilized to a gonstsnt
weight, The resuliz sre found in Table 3.133=4.



The relationship of the fresh welghi of the sleurone tiessue
%o $ts dry weight.

1 10.5
2 8.9
3 13.0

The fresh welght to dry weighit *atio was almost
constant from one bateh of Sissue %o another, s» would
he sxpesisd Tor tissus prepared Ly & rPeprodueibie
method. '

b} Starch sontent

Semples of tissue from several sepsrate isclations
were lyophilized and ther ihe starch conlent deteruined
soeording to the method of Pusher gt si. (1948} as
modiftied by Jenner (1967) using madthods of Nelresdy and
Hassld (1943} an2 XoCready g9t aml. (1950).

Semplios (sbout 200 mg) of the éried materiel
as well a2 ssaples of standard potate starch {abvout 50
mg)} were hoated wiih wnter for 15 minetes in 2 bolling
water bath, voolzd, ani the etarch axtractsd with
perchioric agid, After clarifiostion of these extracts
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by centrifugstion, starch was precipitated from the
supernatants vith 1odine (Fueher % gl., 19458}, The
4iodine cosplex was decosposed with slecholle sodium
hydroxide sné the starch digsolves by heating in 0,5 ¥
RaOl (NWoCrosdy end Heseid, 1943). ‘The mtarch content
was determined with anthrone (MoCreséy st sl., 1950).

The resalts are presented in Teble 31332,

Btareh snalysis of sleuronz tissue

2DE Em

1 7.96 1.99

2 L 2.37

3 B.72 2.4¢

] 4,20 2.0%

s 2L .8 9.92 2.48

6 22,6 9.05 2.26
Average 227 2.08 2.27

The stareh scostent varied from sbout 2.0 to 2.9% of the
fresh saight indicating thet the f=clstion methad 7ields
8 tissue which s reprodueidie Iinsofar as eontamination
from the starchy endosperm is concernsd. The volue B=10%
of the dry weighit is compsrable with the starer eonient

of mill bran (Hiynke, 196k},

TWo verieties of whest - an unelasmified 'Seft?
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variety and Wollongong - Tere used during devzlopment of
the isolation mothod. The s~anmylase prodeced by the
aleurone tissue of these varieties iscleted in variocns
ways end incubsted with weter or Ci Tas measuwrsl. The
resniis of some of these mesasurasients sre recerded in
Table J.i3h=t,

The aleurons tissuc of both varieties respunds
to 0X by profvcing c-amylesec, However, the varistiss
differ mainly in the smeunt of amylasy produced in the
shsenss of GA, Thus, the sleuronsz tiasve of “allongong
produces more sasyme i1n the absence of exogenous GA than
doss that &f the "Soft? vertety. 1In zddttion, the
T2oft' varisty sppesrs te secrete s grester proportien
of the a-anylase into the medism,

3135

The prooadere outlined in ameection 3.131 is
siatively rapid, meinising resscnable sterility, and
yields large smounis of & visble ané reproducible tissuve,
This tissuz sonsisis of the aisurone layer. the fesiae
pericerp and some ¢ellsz of the starehy endosperm, FHowe
ever, aince the sleurene cellis are thr ealy ones whieh

reast to GA, 1% will be referred to as “sleurone tissue”.

The variable smounis of amylsse profuced by



Produstion of aeamyles: by whea!l slourcns tissus lsolated dy veriows
methods. Varisties: 'Soft' and Wollongonge. Inoubstioz wedium: water
or 34 (100 ap/wl), Tompersiure:; 30°C. Enzyme sotivity: cheage in the
porcent initisl 00 at 600 am per houp peF g fresh weight.

Time of | Time off  Time of ingubation

variety  Isbibition rolling  lnevbation  mediwm a0

of half~  (minutes) ﬁ ‘:t:””‘" Ambients ixiracis Totsl

| | oA 136 509 1343

Py 2 45 + 10 2 aad e 3 13
28 [i'1d 544 1264

. . , . Hater 248 84 295
wollengong 21.5 20 » 25.5 :
30 as | 244 Bl 758

Bollengung 24 k5 + 40 24 Hater 13‘3 129 163
aa §57 1050 1707

% vne first aceber represeats the time of relliasg before the first
ringe; the second nasher repraszents the time of rolling sftsr
the firat rinse,

8% uvepared by homopenizing esch 1 g sampls with 5 ml of oslolea
acetate (55 10-3M) in & motor-driven Kontes ground-glass homogenixer.

09 ¥ 68



the two verieties, both in the presence snd in the
shesence of G4, demonstrated the need for sn exsmination
of other wheat varieiies before one could be oharsn for
the remeinder of the experimental programme,

30'”3 Surve

The following ten verieties were szeleated and

examined for the response of their aleurone tissue to

GAs
Olympie Hengevi
Crete Gamenye
Javelin Parasia
Hsntans Tarrige
Hepon Gabo

Aleurone tissve was igseiated from sach variety
as desoribed in seetion 3.93. Ssmples of one gram sach
were incubated with 5 ml of either water or GA (100 ug/
ml) for 22 howrs at 30°,

The ae-amylases aelivity of both the smbient
soiutions and the extrscts of the tisaves was determined
en deseribad in section 3.11. Fesolts were celaulated
from slopes of the = imitisl OO versvs time curves for

ssoh samplae and ere presmented in Table 35,1lh=4,

The idenl variety would preduge little or no

s-anylase when incubated with water but substantial

61,
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Production of c-amylase by aleurons tissue of @ nuwber of wheatl varieties,

22 hours.

hoor per g fresh welght.

Incubation medium: watar or Qi (100 pg/ml).

Ensyme soetivity:

Temperatures 30°C. Times
ahange in pereent initial OO0 st &40 nm per

¥ater Controls - BA

Variety isbients Extraets Total Azbients ExtraetV® Total
olympie™ 0 3 3 955 364 1313
crate”™ 185 hY 210 3859 1839 5698
Javelin 0 0 o 843 243 1086
dentana® 0 8 8 &7 W42 1239
Heron 0 i L 53 100 153
Nengavi 0 L b 28 70 94
Gamenys 0 L2 L2 27 28 53
Persia 21 3 56 1736 14,68 3204
warrigoe 1242 15 1327 2032 5146 2678
asbo 4290 192 1432 1644 62y 2238

% Average of three deterainmtions;

athers, one deiermination,

Frepared as dssoribed iu seetion 3,134,
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amounts when incubated with Ga, Olympie ané Javelin
vers the most suitoble in these twe respeets. iltheugh
LUrete showed a much gresier responss %o 84, 4t produced
geneiderable amounss of the ensyme in the watsr controls.
Glympic was more readily cobialnable than Javelin znd so
it was chosen for all subssquent experiments,

In provious work with barley endosperm snd
barley alieurons tisasue, it has been shown that the GA
reaponee varies with changing Gi concentration, time,
pH und addition of msuch aubstences as oaiolium ilons,
sugars and inhibitors of protein snd RHA synthesis (see
sestion 2), The eifeoct of these variables on the
response of vheat (varieiy Olympie) mleurone tissue to
GA 12 reported bhelow, The sleurone tisasue wss always
isolated acoording to the method of aesction 3.13.

Sesd was stored Iin s constsnt temperature room
(20%) sesled in plastic bags. The moisture conteat
was 11.1%. Oermination was tested periodicelly end was
alweys over 95%.

3.2

fGamples of aleurons tissuve (1 g each) were
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inoubated with 5 ml of varioos concentrations of G4 for
2 hours at 30°C. At the end of that time a~-amylsse
was messured in the asbient solutiocns ené sxtrscts of
the tissue. Extracis were prepared by grinding the
tissue with 5 ml of caleium scetate (5x 10> ¥) tn &
motor-driven ground glass homogeniser (Kontes Glass Co.,
Vineland, New Jerseyj. The resulis are shown in

Tebls 3.21-1.

m E&K : ‘g 1-1

Frodugtion of a-amylase by wheat aleurons tissu2z in
response to various coancentrstions of GiA. Variety:
Olympie. Temperature: 30°C., Time: 2 hours. Zasyme
setivity: changs in persent initial OD at 600 nm per hour
per g fresh weight,

ug/ml Kolarity simbient Sxtrset Totel
0 o o o 0
0.04 2.89 x 105 o 20 20
0od 2.89 x 1077 T 230 u24
0.2  5.78 2 1077 1,657 53 2,193
1.6 2,89 x 107° §,660 270 1,930
2.0  5.78 x 107 2,366 612 2,984
20,6  5.78 x 4077 2,503 98 3,487
100.0 2.8 x 10™ 3,55 1,647 5,178
200.6  5.78 x 107V 4,278 1,169 5,447

in gensral, the samount of asylese in hoth

anbient soiutions and exiracts incressed with inoreasing



A goncentration, There 4id not sppear ts bhe any real
maximom., 4 concentration of 100 ug/ml was chosen for

subseguent experimenis ovnlies: othurwise stated.

Szmples of slecrone tissue {1 g each) were
incubated with § ml of 04 (100 pg/ml} for veriocuz times
8% 30°C, At the end of these times the s-smylase
gotivity was measured in both asbient solutions angd
gxtrasis of the tissue., The resulis are chown in
Flgure 3,221,

swAmylese was first detested In the extracis at
16 hours 2nd in the ambiont solotions st 42 hours.

There was 2 gradosl inoresss in hoth oxitracts znf anbient

sclutions until cbout 22 hours, sfter vhioh the inoreass

was much more repidé., Frem 20 to 2L hours there was
more amylese in the smbient solutions than in the

extracts.

3.23 Zhe effect of D

“hes fear, the sleurcne layers have besn ineudated

only with water or G4 soluticns. Since G4 is weskly
acidie, it is coneelvabls thet the pH eof the solutions

may very during the $ims of incubation and thus may



Time course of profuetion of c-amylase by wheat
slevrcne tissue, Variety: Clympie.
Incubation mediums G4 (100 sp/ml). Tempers-
tore: 30°C. Gnsyme sotivity: chenge ia
peroent initisl OD a% 600 nm per hour per g
freosh welght.

+ extracts;

A ambient solutione;

O total.
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sffect the c-~amylase response, Therefore, nleurone
tissue was inocubated with various hof'fers in the
presencs or absence of 0OA, The a-smylese in the ambient
solutions and exiracts of the tissues wes measured at the
end of 2L hours,

3.231 Citrate-phosphate buffer

Alsurone iigsve wes fsolated as usvel and 1 g
samples were inoubated for Zh hours at 30°C in 5 ml of
solution containing G4 or GA plus 2.5 x 107K citrate-
phosphate buffer ai various pii's. The pH of the
solutions was memsursd both defore and after the inouda-
tion periocd. The a~amylase sctivity was measured in
both anbient solations snd extracis as desoribed
previoualy. TThe results ars shown in Tables 35.2%1-1
end -2 sand Figures 3.231=1 and »3,

The amosnt of c-amylase profgcsd by the buffered
tisgue was generaily much lower than thai produaesd ny
the unbufiered tissue (Tmhle %.23~1). In the
suffered tieosue the highest amount of the eniyme was
produced ai the lLowest pl mné decreased as the pi
inereased, ibnove pPH 4.5 thers was only a small amount
¢f enzyme produced and shis changed only slightly with
ineresaing pN. Helew pi 4.5 the amount of enxyne
inoreased very sharply down to pH 2.8 (Pigure 3.231=1),
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ﬁahg 32 # }1 mg

Profection of c-amylase by wheai aleurone $issve at
various pE's. Variety: Olympic. Incubation medium:
oftrete-phosphinte buffer, 2.5x 10=3 M; GA, 50 ug/ml.
Temperature: 30°C. Time 2 hours. Ensyme aotivity:
shange in psroent initial O st 600 nm per hour per g
fresh waight

zaéé;ﬂ z&u %&n a-paylase sotivity
Aabient Extrset Total

u.0* .8 . 0.8 §18 815 1,233
2.6 3.6 + §af 32 17 214
. Mo 7Y 4 + D.7 26 10k 130
3.5 3.8 + 0.3 17 126 437
h’a 3.9 - Q.i 18 7? ?5
BeH BeS 0.0 23 Lk 67
5.0 bie3 - 0,7 17 6k &4
£e0 .7 - 1.3 17 15 61
7.0 6.6 - Ok 23 16 39

% oA unbuffered



Froduetion of o-amylanz by wheat sisurone tissus at
warious pii*s., Variety: Olympic. _Inocubation wedium
sitrate-phosphate buffer, 2.5z 10~3 W3 04, 100 ug/ml.
Temperstures 3000, Time: 24 hours. Insyms sctividy:
ehanga in percent initial OD at 600 am per hour per g
freah weight,

=

%ua:mmnu

Ambient ESxtract Tetal

Hoo® bot + 0.4 22 €52 67
2.6 5.6 ¢ 1.8 23 37 659
3.6 2.6 + 0.6 22 51 593
S5 3&7 ¢ D& 16 295 316
& o X9 - (g 29 19¢ 289
1e% L.3% - 0,2 12 123% 1h2
5.8 b2 - 0,8 19 98 17
é.ﬁ ‘309 - 10’ fg 1‘@ "29
Tob 6.7 - 0,3 23 43 13
’ #£2 R

g4 onbuffered
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Froduation of a-amylese by whest aleurone timasve
at various pH's. Variety: Olympic.

mcuha‘&saﬁ medium: olirate-phosphate buller,
2.% x 19'.3 M3 Bi, 50 or 160 .s/ml, Teupers~
turse: 30(’2:‘3‘ Pime: 24 hours. EIngyme
sotivity: ohange in percent initial OF at

60C nm per hour per g fresh welght.
+ GA4 {100 uyg/ml} plotted agsinst
initiel pH;

B GA {190 ug/ml) plotied sgsinst final
pH}

o 8A (30 up/ml) plotted ageinst initisl
pilp

X @& (50 ug/ml) plotied sgainst Pinal pH,
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The pil of the zolutions shifted during the
inocudbation perioed. iz shown in Pigure 3.2%1=2, ths
smallest changes oveurrsd between pi L.0 and 4.5 indicat~
inz a2 natoral tendenoy for the pH $o adjust ¢o this
vaiue, probably dus to the buifTering eapsoity of amino
#wids leache! from, or reiessed by the tissue.

The optimum pH Tfor the responss appsared to be
 below 3.5 (Figure 3.234=4), However, thers was very
114t1le c~amylase astivity in any of the smbient
solutionz when buffer wes present {Tebles 3.239=1 and =2},
This nay refleat an effect of the buffer on e2ither
seoretion or stabilicy of the ensyme in solotien,

This latter axplanstion may bhe pasrticulariy relevent
below pH 3.5 where cesmylaas 1s known %o be unstable,
Horeover, the clfrste-phoaphaie buffer has the capscity
te ohelate Ce®® fons which ape essentisl for setiviiy
and siakility of the snzyme,

3.232

The enhaneed production of o~-amylese by aleurone
tissue insubsied at low pH wes inveatigatsd further by
using maleiec soid. The produstion of c-amylase in
both ambient solutionz and extracie was mesgursd st
various mzleic seld concentretions both is the presence



FIGURE -

The change in pH during incubstion of wheat
sleurone tissu=z. Veariety: Olympie.
Inoubation medium: gitratz-phogphste duffer,
2.5 x 1077 u3

O G& {50 ap/ml);
Temperature: 3@%. Time: 24 hours, The
atralight line repregents the situation when no

pH shifts oocur,
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and in the ebsence of CA, The procedure was as in
section 3.234., The results sre presented in Table
R3.232«1 and ?18“1" Be232w4 .

TABLE 3,2%2-1

Frodustion of c~azylase by wheat sleurons tissue st
various concenirations of meleio aeid. Veriety: 0 ic.
Insubstion medium: Jhu e0id, 2.5, 5.0 or» 10.0x 10~9¥;
water or GA (100 Je Temperature: 3000, Time: 24
hours. Ensyme sotivity: ohange &n percent initiel O}
at 600 nm per hour per g fresh waight,

*E?§1*3=§!§, lﬂgéiséiggggl S=amylese activity

Nater (&) = be7hs 0 7% 76
" 2.3 295 L5956 o 76 76

” 5.0 2.7 3.84 0 25 95

= 40,0 2,49  3.78 0 95 25
GA 0 .01 L.26 1,646 4,774 3,447
" 2.5 2.88 L.,07 5,940 2,960 8,900
5.0 2.68 L4.07 3,085 2,680 §,765

¢ 10.8 2.48 3.94 738 3,27% 4,013

There was no offect of malelc scid on ce-azmyless
production in ths ahsence of 34, However, the ce~amylase
sgéivity was stimulated by maleic acid in the presence
of Gi. The sativity eof c-smylase in the extrsois was
slightly incressed (+ 67.25) at 2.5 x 10”5 ¥ maleic mecid
and remained ebout the same at 5 and 10x 10”5 M. The



Produetion of s-amyless by wheat aleurone tissue at various
soncenirations of maleis acid, Veriety: Nlympis.

Tacubation medinm: maleic aeld 2,5, 5.0 or 45.0 x 10*3 LH
water or GA (100 ye/#1)}. ‘Temperatere 30°C. Time: 24 hours.
Bazyme sotivity: ohange in perosat initisl 00 et GOO nm

per hour per g fresh weighi.

+ extraats;
A gubient solutions;

O %otel.
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sciivity of the enzyme in the assbient solution on the
ather hand weg grestly enhanoed at 2.5 x 10" u (» 2645,
less so at 5 x 1077 ¥ (e §7.4%5) end Gecremsed at
10 x 10™° ¥ (= 55.4%).

The lowar amounts of the ensyme measured in
the ambient solniions at % mnd 10 x @‘G’E ¥ maleie soid
may represeni insotiveiien furing the incebdasiion porioed
sincoe a-gmylase iz unstsble ¢t low pH, &% the higher
coneentrations of mpleic scid, the pEH of the ineubation
medium would have remained at a lower level faor &
ienger tims, This sxplanation is made mere probable
By the fagt that thers was ne change in the smeunt of
enzyne in the axirects &t the higher goncentraiions,
#resumsdly the pi inside the tissve was not affected very
moch by the =eid.

This enhancemeni of ensyme production st low pH
is diffioult to aasses:s 2ince the enxyms may de unstadle
under such sonditions. Tndead, the lovw pH affeot mey
have been entirely cbsoured ii' siroager buffer solutiens
had been used. The rescits suugesi thet there zmay be
an initisl resction which has s low p2 eptimum Fellowed
by resstions with higher pH optinma.

Je2h Caleoium
Since ealeium ie reguired in the synthesis of
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a-amylase 88 sn integral 33?% of the molecule, it is
congeivable thet addition of eslcium may enhsnoe the
responss, Une gram gusniities of sleurone tissue were
incubaied for 2L houre with soiuiions containing water

or G4 with 2x10~3, 2x10™? or 2x102 ¥ caleium nitrste.
{Calotum nitrate wes ehonen bavaune 1t gave results
similar %¢ caleium ncetate in the ~-amylase assay wmheareas
esloium chloride was not = pood. Unlelvm seetnte could
no? be veed begause 1% imnibits the B34 vesponse at
gonsentrations abuve 1 x 1075 %.) The g-smylase was
zeasurad in both ambient solutionz snd extreets of the
tissve at Lthe end of ihe inoubation porioed, The

rezulis sre ahown 15 Table 3.%Uet wnd Figore 5,2u-1.

“aletum pitrate hed 1littlie effect on c-smylase
produgtion in the sbsenc2 »f 04, Similerly, it had
1ittle 2/ feet on cesmylisae produstion in the presence
& 24 at the Ewo lowest conzentrations. Howaver, at
$ z 102 ¥ there zas s mueh greaier amount of s-amylisse
in the ambient soluiion slithough there wes na change in
the extraets., This may reflect 2 prester synthesis
and reiespe of the ¢nsyme or, alternatively, 8 siebil-

igation of the snsyme ia the medium,
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TABLE ® 2 “‘1

Production of a-amylase by wheat aleurone tissue at

varicus concentrations of celoium nitrate, Veriety:
Olympio. Incubation medium: oaloium nitrate, 2x 1074,

2x 103, or 2x 10~2 M; water or GA (100 ug/mi), Temper-
ature: 30°C. Time: 24 hours, Enzyme activity: change
in percent initisl OD et 600 nm per hour per g fresh welight.

;nggbiﬁégg alc‘ummnitrate g-amylese activity
—— Ambient Extract Totel
Water 0 0 0 0
" 2 x 1074 127 88 215
" 2 x 1077 145 150 295
L 2 x 1072 66 88 15
GA 0 1,987 2,554 L, 541
" 2 x 107 1,603 1,855 3,458
" 2 x 107> 1,973 1,720 3,693

" 2 x 1072

6,193 2,553 8,746

3,25 Actinomycin D, Sucrose and Glucose

Aotinomycein D 1s known to inhibit the synthesis
of DNA-dependent RNA synthesie. However, Iln some
systems this inhibition can be overcome by glucose
(Honig and Rebinovitsz, 1966), Actinomyein D hes no
effect on the GA-stimulated release of reducing sugens
from barley half-seed (Paleg, 196L4) but it does inhibit



Production of c~amylase by wheat sleurone tissue st various
congentrationsz of oaleium anitrase, Variety: Oliywpile.
Incubation medium: enleiur nitrate 2 3 w"“, &z 1@'”3 or
2 = iﬁ"g K; water or A4 (100 up/ml). Temperaturs: 3@“%
Tine: 24 haurs. Engyme setivity: echange in pergent

initial 01 at 600 am por hour per g fresh weighi,

¥ water gontrolj

+ @xirscie;

A ambient solutions;
O %otal,



«-Amylase Activity

L

10000

6000 |

™0

20004

Io) o]

- __+
X X —
2x10°4 2x103 2x10-2

Concentration of Calcium Nitrcte (M)



79.

the GA~induced productisn of c-smyisse hy isolated
eleurone lsyers {(Veraner and Ram Chandrs, 1964). The
pregent experiments were cnjertaken to mscertein whother
the produetion of c-smylase by whest sleurcne layers

ie inhibited by setinomyrein D and if so, vhether glueoss
has any effect on thiz inkibitien.

5.251

The sffeet oF ziuecore itsslf on the lli-induced

n=amylage production was first determined and compered

with that of ¢ none=reducing sugsr, sudrase,

Semples of aleuron: tissus, 0.5 7 sech, weare
incubated at 30°C for 24 hours with a total of 2,35 ml
of solutlen coniaining water or %i with or without
1&'33 1072 or 10™7 ¥ Zlugese or suoros:., The c~amyiase
in the ambient solutiene and in the tissue was measured
st the end of the ingubstion peried.

4 more sensitive method for measuring c-amylase
waa used in 3his end in all subsequent experiments.
This was modiriestion of ths methed of Jones and Varner
(1967, snd is outlined below,
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fiubatrate:
Amylose (BDH) 150 nmg
EHgr Oy, {16.325) 5 =1
Caleiur scednde {16‘3 4} 20 ml

sater %o 100 wl

do0il for 1 minute, noal, eentrifuge, adjuat
pH %0 4.8 with mcetic acid.

Todine miock colution:

Fotasaium iofide 65 g
fodine 0.6 7
sater to 100 mi

For sssay, fiiute 2.% ml stoeck solution te 100 wml

#ith water,
insabatieon medivm

Gbbsirate 1.0 ml
Enzyme 145 ml

At0p resetion with £.% ml F{luted IKI solution.
Mlute 2o 10 =l wmith water.

Read DD 2t 620 nm in a Uniesm 20350 epesirophotometer,

Resulis are shown in Teble 3.291-1 and Fipures
F254%»1 and -2,

The total amount o7 c-amylase in the tissve
inereased i the abtsence of U4 2% the tws hiphest
goncentrations of the sapere, but nons of ihis wam
sscratod inte the msdium. Glusoss was more effeative

than suorose,
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Produstion of c~amylasze by wheat sleurone Sissue ut
various concentrations of glucomse or suorose., Varistiy:
0 ic. noshbation medica: gludose or suorose, 1077,
40°% op 10”' M3 water or GA {100 ug/ml). ‘!‘mmtwn
30%:, ';'mz ; hours, Ensyme setivity: ol in
poreant initial O0 st 600 nm per hour per g fresh weight.

S-gmylase eotivity
e Ambiens  Extrsct Total
Hater 0 1y 324 336
GA 0 36, 800 55,500 92,300
alucose 10”3 ol asy 882
» 1072 18 19,000 10,018
. 10 24 26,050 26,674
GA+ glusese 10"7 22,350 78,420 100,470
. 1072 3,000 83,500 86,900
" s0~! WS 72,700 72,845
Susrose 10™3 o W8 38
e 102 0 2,135 2,135
= 10”1 o I, 140 5,140
Gi+ suorose 10™> 15,280 71,500 26,780
. 10°2 225 77,700 77,925
" 10™! © 70,500 70,500

The smoust of c~amylase in the extracis
tnercesed in tha presence of G4 at all three consenipra=-
tioms of the sugars. On iz other hand, the smount of
zegmylase in the ambient solutions Jeoreased, falling
nearly to sero at 10 2 u with both sugers. Thus, the



roduetion of a-amylaseé by whest alsurons tissue
at various concenirations of glucoss. Veriety:
Olymple. Incvbhation medlium glusows, m"’,
10°2 o 10t 5y water or 8A (100 wg/mi),
Tempersture: 30°C. Time: 24 hours.  Ensyme
setivity: ohange in percent initisl OD st 620

am per hour per g fresh weight.

X water gontrol}
+ extracis;
A arbient solutions;

© total.
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Prodgotion of w-amyiees by shest alesurone tissue
8t vericus concentrations of suvcrose. Varisty:
Qlympic. inevbation medium: sucrose, %&”3,
102 o 107" ¥: water or G4 {100 wg/ml).
Temperature: 30°3. Time: 24 hours. Ensyms
activity: change in percent O at 620 am per

hour per g {resh waight,

X water sontrel;
+ extraots;:
4 aedisnt colutlonss

o totsi.
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total amount of amylese wae only slightly changed at
16"% but was decreased 2% 107> and 107! H.  The eugers
sppeared either to inhinit relesse of c-alylase or to

cesreans 1%s stabllity in sciuvtion.

The procedurs wag the sand as for the experiment

of seczion 3.25%. The resulis 2re shows {n Tables

3.25&"‘ and -2, and Figure 3,2%53e%.

Actinomyein T mt hoth 30 and 100 ug/ml
inhibited CA-indugced ~-amylase production by ever 395
in the shsenae of plucese (Tebles 35.252«1 and =»2).
There was only & aiipgh? resovery ai 1Q‘2 and %a‘g M
gloocone {Tables %.292+1 and «7 and Figure 3.252-1].

The TA-induesd c-smylase prodeetion by wsheat sleurone
tisnce, therefore, was inhibited by actinomyein I sndk
there wae 1ittle reversal of this inhibition dy glucose.
indaed, ihe small smount of regovery observed in the
presence of glucose could be agocounted Tor by the
stimulation of the G4 response by glucoee in the sbeence

of zotincmyein © (Figure 3%.252-1).



wiase sotivity
1%“ 2%5 t g B, Anbientd Extraat Total

Production ¢ s-amylase by wheas aluwm t!uw at verious sonceairstions
of glugeose in the presence or shsence of u;in u D /w G4e Variety:
Dlympie. Inoubaticn medium: glueess, &~ er 10" waser or

G4 (100 pa/ml); sctinomyein D, 100 ur/ml, *rum-uwru 30 C mm
24 hours. Enzyme setivity: cheange i perseat iaitizl OD et 520 om per
hour per gz fresh weight,

saser o 13 90 103 -
. m“’ 0 o 66 66 -
" 1o~2 0 B 675 675 -
. 10™1 o 0 1,980 1,950 -
oA ga o 2,830 5,040 9,870 -
. o~> o 1,320 40,700 12,002 -
- 10 -2 0 3 14,500 14,503 =
" 10™* o 3 13,600 13,603 -
QA o 100 o us kS 99.6
. 1073 » 0 48 L8 93.5
102 » o 1,280 1,280 91.3
10”1 " o 473 513 93.8

“Se



Produstion of a~amylsse by wheat slesrone tissus at varieuz concentrations
of glecose ia tho pressnsce or ahsense of aotl in 5 end g e Variety:
Oiympile., Incubatiss =zediem: gluoose, 10%7, 40™% and 4 ;3 water or
GA (100 pg/ml); actinomyein D, 50 or 100 ug/ml. Tempersture: 3090,
Time: 24 hours, kaxyre astivity: shange in pergent imitis)l 0h at 620 am

per hour per ¢ fresh weight,
sxtract Total Tad

Water o 0 & 158 153
GA o 0 2,904 4,600 k4,504
» 0 50 0 29 22 99.%
2 10> " o 198 193 95.3
- 102 " 0 249 249 94.5
. 10~ " 0 369 369 91.5
aA 0 100 o 18 18 99.8
“ 10™7 @ 0 22 22 99.5
. 1072 . ) u35 45 99,1
10~ " 0 19 19 99.8

*9%



Froduetion of c-smylase by vheat sleurone

tissce st various coneentrations of glucese in
the presenee or sbesnce of achiinomyein [ and/
OF GA. Yeariety: dOlymoic. Incubation medium:
glusoes, 1072, 10°2 or 10™" ¥; weter or 6A
(100 pa/mi); aetinomyein D, 400 ap/ml.
Temperstors: Ebﬁﬁa Time: 24 hours, inzyme
netivity: eohsnge in pereent initisl OD at 620

nm per hour per g fresh weight.

X waier gontrolj

+ exiraotag

A smbient solutions;
o teotal;

m %o%zal 1o presence of asctinomyoin D
and OA,
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As mentioned in saeotion 2.3, the ultimats sim
of ihe present investigaticn was to Jdetermine whether
eny of the GA=inducsd ensymes is sesbrens~jound. The
mass imolation technigus resulis in wheat alsorcne
tissue whose response %o G4 is qualitatively similar
io that of berley sleurons tissue. lHoreover, this
techaique permits the isolation of quantities of tissee
large cnough for the iavestigation of technigues for
the fraotionation of subeellular componenis. The

present section desla with the development of sueh
meothods of fractionation,

foth squeous snd non-aquecus medis have deen
used for the rfractionstion of plant eelle. Hach kind
of sedium has its sdvaniasges and dismdvanisges. Some
of the seonsideraifons that apply to the selestion of =
grinding medium are lisied in Tadble 3.31-1., B8ince the
aleuvrone tissne is fully hyérated wvhen 1%t is removed
from the sead, and sinve 1% is metabolioally sotive
oaly in the hydrated state, sn equecus medium wes chosen,



Comparison of sguecus and non-aguecus grinding media

Agueousg Hon-aguegug

4. Tizsoe must be hydrated, 4. Tissue wust be &ry.

2, The msdiom muat try ¢ simulate 2. The medivm must be kept dry.
the internal milieu of the vells,

3. The grinding of the tisave and 3. The grinding end wmenipulations oan
assnipulations of homogenmte: must be cerried out at room tempara-
e carried aeut 8% law tempere~ ture since ensyme reactions
tures (2-4°7) to minimize mnzynie require aguecus gonditions.
changes,

e Loss 3 water-solubls components 4, Loss of lipid-scisble componenta
may ocour, may ogcur,

5, Solvents sre not toxie, . Solvents may be wvery ltoxie, e.il.

earbon tetrachloride,
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The points whieh must be taken into agoount when

selecting an aqueocus mediva are as follows:

1. Osmotiec pressure., The madiium should Le isstonis
with the cell ocontents to minimise siructural shanges
in mesbrsne~bound orgsnelles.

2. pi. The medium should be buffered to minimise shanges
in pH due to mixing of the compartiments, partieuiarly
if waeuvles oontaining seids sre preaent.

5. Sslis. BSoue organelles require specific jons for
maintenance of integrity. (e.g. ¥g** (10™> &) 1
required for isolation of ribosomes, Ca’* fer
nueled.)

Lo 3JHepreservatives., iome ensymes are insciivated if
their H-groups are oxidized. f-iferesptoethancl,
glutathione and aysteine (w"‘“ i) are commonly used
es proteoting agente (Bonner end Vearner, 1955),

The following =edium haz been shown to be
sultable for the fsolation = =icroscopiceily well
vreserved plant nualei, mitochondris, znd ehloroplasts,
and for the maintenanse of protoplasuic stresming

(Bonde gt 21., 1966).



M.

Sompsnent Fangtion
Suerose Oesmctioun
fieell (3% 400,000) 255 Structurs presarvatives
pextran (u¥ 40,000) 5.0% Adporption of polyphenoclis

Protelin {Bovine merum :
albumin) 0.045%

Buffer {Trie-HCl, o
o 0.02% M

L 2

Strusture pressrvative

Msintenance of pH

ASdition of the following somponenis m&y be nesesasry to
demonsirate proiein synthesis:

Glutathione, systelne 3.9 x ‘0“5 ¥ SHegroup preserva-

or Re-meroaptosthenol tive
¥z aceiate 1.0 x %0?3 B} asctivity Prosarve
N seeiate 1.0 x 10 1 ativer
BDTA 2 5 16™7 ¥ Hesvy metal chelation

The basie "Honda"™ medium was ohosen For homogen-
izing the aleurons sells Leosvecs gations snd ZDTA vary
in their effsecis on Aifferent orgenelles (e.g. Ua°' tons
preserv? nuelesr integrity bul csuse mitachondria to
sweil; EDTA preserves mitochondrial integrity but

&isrupta ribosomes.)
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3.312 Choice of 8 sujteble homogeniging method

To obtain o cell«free suspension of organeiles,
the ¢ell walls and proioplesmie membranes sust Ciret be
reptured, Since alevrone cells have very thiek tough
eell walis, fairly hersh methods ers required to break
them, and meny of the orgenelles may he damaged in the
progess. I% wae necemsary, tiherefora, %O sxanmine a
pumber of d4ifferent homogeniging methods and teo compare
the integrity of the celil~free orgsselies with those of
the intsst timsue. ‘

frosedure
Aleurone tissue was homogeniged by various
methods in basic Honda medium, thes homogenates were
gentrifuged st 33,000 z for 30 minetes, and the peliets

sxerined in ihe eleotron mioroscopne snd compared with

eleatron mierographs of intact tissue,

The following procedure was seed for prepuring
pellets for examination in the Zleetron Migroscope.
(1) ¥Pix in 5% glutaraldehyds {Ssbatint gt nl., 1964)
in #11lonip's butfer (pH 7.1} {¥illonig, 1962} for
30 minutes.
. (2} Pix i1n 28 potessium permsnganate in Sorenson’s buffer

{p 7.1) (Cowéry, Laborstory Teshnigues, 495%; for
10 zinutes.



(3) ©Dehyérete in soetone secording to the foliowing

repgime:
Acetoner 508 755 95 1005 100%
Time: 1 min. 10 =ine. 30 mins. 30 aine. 350 mins.

dteps (1), (2) snd {3} sre earried out at 4 or
2°C until the rinal aceione step.

{4) Embed secord ing %z the methed of Luft {1964)
8z followmy
{a) Put tissue throuph twe chenpes of
propylene oxiée » 5 miavtes essch.

{b) Flece in fresh prepylene oxide Ziluted
1311 with araldite - 1 hour.

{ai A48 throe times the volume of resin %o
the above migture ~ 2«3 heours.

{8} roor off snd embed in fresh ereldite
svernight.

{e} Embed in fresh sreldits and ecurs at
35% grornight.

(£) Inaresse the tempereturs to $0°C ana
sore overnight.

2} In%eot cells

93.

The most sbvious features of the aleurone sell

are thiok oell walle, & prominent nuoleus, =msny large
sieurone graines, mitochondrie, cumerous spherosomes,
endoplaamic retioulur, golgi bodlces and plestiés
{Figure 3.,590«1).



FIMIRE 3. 542>

Electron mierograph of a sheat aieurone cell.
Cell wall {left, running top to bottomj;
nuoleus {right, bottomj; eleorone gralas with
eloetron transparent sand/or sleetron dense
inclusions {(sosttersd throughout the sell);
spherosomes (smeli electron irensperent bodien
lining the cell wall &né surrounding the
slsurcne grains;; mitochondris with internal
gristes (seattared throughont iths cell);
endoplagmis retioculum (mesbrancus struetures
between sther organelles): pisstids (somewhat
lsrger Shen mitochoniris, sentre«lefi, immediately
to the right of the cell wallj,

Hagnificstion: 3070x,
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b} vertar and peatle

Oniy a smell proporiicn of the oells could da
broken with & mortar and pestile with sdded sand or
balloting deadsz unless ihe tissue was grouvnd with dry
ise or after lyophillization. These lattor treatments
resvited in compietz fisrupiten of cellular sirvelure
{Pigers 3,313-2),

o) Eonies zlass homegeniser

The tissue could be completely dlsintegrated
using a moior-driven Xontes zround~glsss homogeniser.
If m Righi-ritting homogenizer was used, very few
organeiles were sirceturally preserved {Pigure 3.312-3).
I£ & loose Fitting homogenizer was used, some siruvature
was presarved {Pigure 3,312-4), Spaercsomes ang what
appesr to be slewrons grains in the process < bhresiing
o ire regognisable, However, no intacd aleurons grains
ware ¢heerved using this method,

d) Omnimixer snd Ulirs-Turrex

Cniy a small preoporSion of the eslis gould be
broken using an Ommimizer, Howsver, the Ultre=Turrsx:
which is & high speod hlender with s éifferent kind of
cutting blade yieiled ressonshly intsel cleurenz grains
and spherososes {Figore 3.312«5).



#legtron mierograph of a homogenate of aleurone
tinace, Tissue lyophiliized, grount in londs
medium with a zortar and pestlz, cenirifuged
at 35,000 g for 3 minutes., Hagnification:
20,000x,






FIGURE -

Flegtron miorograph of a homogenaie of sleurone
$issue. Tissue ground in Honds medium with e
tight-fitting Eontes glams homogeniser
genirifoged et 34,000 g for 30 minutes.
Esgnifieation: 20,000x.






FIGURE hnaﬂ

Eleatron miorograph of & homogenatse of aleurone
tiasve, Tiasue groand in Honda medicm with a
looae~fiiting Eontes gless homogeniger,
gentrifoged st 38,000 g for 30 minvtes.
Aleurcne grain ¢isintegrating (centre)
sarroonded by spherosomes. Hagnification:
18,500x.,
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F RE 3 -t

fieotron miaropraph of a homogenats of aleurone
tissve., Tissue homagenized 3in lionds medium
with an Ultra-Turrsx, cenirifuged a% 38,000 g
for 30 minutes, Aleurone grains with seversl
sleotron Sransparent inclusions and usually one
electiron &ene? inclusion; siarch grains

(large wnite to greyish perticles); aggregates
of spherosomes (above gentrej.

Hsgalfieation: L700x.
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FIGURE 2 -

Eleotron miorograph of homogenate of aleurans
timsue, Tisasuve homogenized in Honda madium
gith an Ultra-Turras, contrifuged at 38,000 g
for 30 minuiem. Aleurone grain {(cenire};
spherosame sggregeies {(bottom, rizght); stareh
grains (large greyish garticles helow sleurone
grain and eenire, right).

Hegnifieation: 29,400x.
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e) Rezor blades

Homim gt pl. (1966 used stainless steel raser
bladen s=tazked <togpeilher wmithout spesers tc homogenise
smail amounis of leal tissve for micrescopy. This
method worked rezsonsily well with aleurone tissue if
the blades szre stncked together with onhe or two spacers
betwaer them, eszh spacer Leing the sams thickhess s2
one of the rasor bYlades, The tissuve hed ic be shoppaid
several times instead of Jest onse and eowld noé be
gompletely homeogenizsd, lewever, the aleurane prains
asd spherososes appeared to be ressonably well preserved
(Figare 3.312+6),

Zoth the Jltroe-Turrax and the rasor blsds chopper
vislded ressonadly weli-ureozerved sleorons pratns and
spheresomes. The Ulirz-Turrsx is $0 be preferred since
only & Tew scoonde are raguired fer the homogenization
whereas the hmnd-oporsated razer blaiz chopper reqsired
one or Wwe hours for the homegonisstion of 10 g of
tissue. Singe the Ulirs-Terrex was mod immediately
avsilable for use, the rescr blade teehnigue was sdopted
for thes remainder of the experiments.



RKleetron miorogreash of a homagenate of sleurons
%issvs. Tissue homopmenized in Hondz medium

with stacked rasor blades, centrifuged at

38,000 g tor 30 minutes, Alevrone grains
{centre); staroh gprains (right of centre end
towarde bottom); oell wall material (left,
disgonelily meross corner); spherosomel aggregates
{top right).

Yagnifieation: L200x.
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All cells in the ticsue were not droken by the
resor bdlade technigue, In order to schieve some degree
of repraodveibllity, the tissue was chopped in epproxi-
mately one=gram guantitiez and forced threugh & plasiie
sieve having 8 pore size of adbout 0.9 sn. Any tismue
not passing through the sieve was re-chopped antil it
would pass through.

The ne:zi stsp was te remove onbrokea gells and
larger pieces of tissue & well an most o the eall wall
mterial. This was achieved by passing the sieved
homogonate through 12 layera of chesse 2lodh which hed
besn wetted with Honda medium. (The cheese oloth had
bean thorevghly washad with boiling Zietilled water bzfore

aae. )

3.322 Gensrifugstion
The aim is to ashieve 5 separation of particies

with & minimus smount of time anéd manipulation, Differ-
ential centrifugatiion separstes particies on the basis of
sixe and denaity snéd ylelés very heterogeneous fractions,
Resvapension of pellets and re-contrifugation ia reguired.
it the crganslles are ai all fragile there may be breakage
daring these opersticns. In addition, there 1is a chance
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of forming large aggregates of particles that cannot bhe
resuspended easily.

Density gradient centrifugation involves centri-
fuging a suspension of particles through s soluticn of
oentinuously inoresaing density. Uhen centrifugation
is not continued to equilibriom, separetion is on the
basis of both sige and density; es equilibrium is
approsohei, ssparation tends to complets dependence
gpon denatly. The hesvier perticles #1ll move %o the
denser regions of the gradient while the iighter ones will
rexain in the lese dense regiona of the gradient. If ihe
centrifugation is continued for zufficiently long times,
the pariicles will move to & region of the gradient
gorresponding to their own density. The main sousiders-
tions for ssleoting a denaity gradient component sre that
it has & reasodebly high molecular weighi, forms fairly
dense solutions within its selability range, and that
these solutions poasess ressonsdly low viscosities.
Susrose has baen osed mest freguently fer this purpose,

3.3224 Suerese density gradient

The initisl attempts to fractionste the homogen~
ates comdined Airferential centrifugstion with disconte
inneas suorose density gradient sentrifugstion. The
procedure is ocutlined ia Scheme 3,3221-1,
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fagh suerose solution contained 5% dextran and
2.5 Pleoll im 0,029 K %Tris, pH 7.8. Gredients werse
prepared by laysring 5 m) sliquots of d4ifferent denalty,
one on top of the other, with the heaviest in the bottem,
At the end of ths centrifugsiion, frsetione were removed
from the tubes with s syriage fitted with a 3 fach
hypofermic needle beat in s right angle at the tip,
The heaviest Tfractions were dilvted with Honda wediom
to lower their densities (Table 3.3221~1) and then ail
fractions were sentrifuged at 38,000 g hr 30 minutes,

TARL: 33221~
Zmerose density gradiest fractions
Ersation Yolume
31 10 ol ]
Hy $0 ml ¢
153 8 m} 5 m
H,. 7 nl 15 ml
I"i 10 mi 0

Pellets wers oxamined in the eleotron miocrossope.
The results are shown ia Figures 3.312-6 and 3.3221-1,
w2y =3, = and -5,

Py was similar $o ihe 38,000 g pellet with welle

preserved sleurone graina, spheroscmes, and siareh



Bleetron zicrograph of a homogenate of suorose
density gradient Iragtions, ?2 and Liﬁ of
Schems 3.3221«1., Fredominantly spherosomal
moterial bui with some Droken aleureone grains
and aleurone grain inclusions.

tagnification: 45,000x.






iﬂ’imﬂi X :I ;gﬁ-a

ilectron micrograph of suerose density gradient
fragtion H{ of @oueme 3,3222%1e1, Predominantly
spherocsomal aggregetes; an occasional mito-
chondrisn (bottom left;; debris from ruptured
slegrons graina,.

Hagnification: 14,700x,






Electron micrograph of sucross density gradiens
{raction 82 of Scheme 3.3221-1. rredominently
distorted and shattered eleurone and starch
grains; eell wall debris.

Magnification: L60Oz.
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Eleciron miorograph of sucrcee Ssnsity pradient

fraction ﬁ3 of Scheme 3.3221-1. Distoried

sleurone grains, lMeagnirfieatiom: 24,000x,
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Electron micrograph of suorose density gradient
freation ﬁh of Beneoe 5.32301+%. Distorted
sleurone grainsy ateren graine.

Hgpnif igation: 42,500x.
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TIW.

greains, but with less oell wall Qebris {(¥Figure 3.512-6),
Py m‘ L,, wore very aimiler and very heteropensous.
fpherosomss Tere the most predominant component in the
fragtion but there were slso fragments of sleurons grains,
probably mitoschondria and other Sebris (Pigurs 5.3221-1),
ﬁ’* wan very similar o Fo and L, bui perhaps with more
sggregatez of the spheresomsl meterisl {Figure 3.3221=2).
Hy sonsisted of starch grsins and shattersd alesurone
grains (Figure 3.322i~3}, KS sonteingd meinly aleurona
greins which sppesrsd ic be very moch distorted (Pigure
J.3221-h )y By, wus gimiler to Hy with stare: granuies
snd disterted aleurons grains {Figure 3.3221-5}.

The sleursnz grains were well preserved in the
350 g pellet in Yonda medium hut beacsme dlstorted and
disintegrates when centrifuged through denss sucresd
solutions. On the other hand, the spherosomss in the
supernstant frsotions «~ whether layered onto saeross
sredionts o Dot, mecasd $o resemble those of the whole
aslls. Thersfore, 1%t was concluded that:

8} the osmotiz pressure of the dense suorose soluiions
wae too high to maintair the integrity of the aleurona
grains, and

b) there was 14t tle sévsntage to the 1nitisl low speed
centrifogaiion since fractions P, L, and H, ware
a1l very similer.
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3.3222

The deleterious effest of the high suoross
conuventrations might be overcome {f a compound with o
high moleculer weight were nsed. Por & given dansity,
the ommotic preasurs would be lewer. Filooell, & polymer
of suoroas, snd & component of the isolsting mediom, han
a moleonlar welight of LOO,000 ané is solublisu at least
to o soncentration of 50% {eorresponding to a apeeifie
gravily of abeut 1.472)., If 0.2% ¥ suoroes and 5%
dextran are sdded to this, the specific gravity becomes
ghout 1,24,

Seheme 3,3222-1 sutlines sn sxpsriment designed
to teat Flsoll as = density gradient ecomponent,

Fractions ware removed with s hent hypodernie
needle. Fraotion k was Siluted with an egusl volums
of Hends wedfium and fraczilon 5 was resuspendsd in Honda.
Eaeh Praction was centrifuged =t 35,000 o for 30 minotes,
Polliets o frsetions 2, & and 5 were sxsmined in the
elegiron microsseps. Fractions 1 snd 3 212 not yield
enifieiend material for sleotron microsespy. Eleoiron
micregraphs are shovi in Pigures 3.322%=1, «2 and -3,

Fraotion 1 contained mainly Hroken slsurons grsing
and spherosomal aggrezates (Pigure 3.3222«1), Praotion i
eontained mainly aleurone greains contaminated with
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Bomogenize with resor blades
in Honén modfum (S0 mi)
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tleotron =ierograph of Figoell density gradient
fraction @ of Gcheme 3,30382«1. Hainly
spherosomal sggregatee sud aleurone grein
fragnents, sore eell wall dobris.

Hagnirieation: 5800x.
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EISUI: 2.322222

Blectron micrograph of “igcll density gradient
fraction 4 of Scheme 3.3222-4. Mainly
damaged aleurone grains and some spherosomal
apgregates,

Hagnifiecation: 20,700x.
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E;g URE 2' zgagtgg

Eleotron miorograph of Fisell density gradient
fraction 4 of Serews 3,323%~1, Oceesionally
& whole protoplast was observed in this frastion.

Esgnitieation: 14,000x.
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Electron miorograph of Figoll deasity gradient
fragtion 5 of GHaheme 3.3820-1. rredominantly
aleurone greins and sjarch pgrains,.

sagnitiocation: 3,000x.
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spherosomen and a few whole protopissts {Pigure 3.3222-2),
Fraotion 5 oontalins! mainly whole aleurone grsins, some |
with spherosomes adhering io them, and sisreh grains
{#igure 3.3222~3},

The aleurens grains, although somewhat Jdistoried
remainsd intaot alter ecentrifuging into the heavy Fieoll
solaetion, Therefore, this would sppesr to be¢ & more
suiteblie density medfium than suerose for separsifion of the
heavy slsurons and starch graias frem the lighter fractions,

The hosvy Ficoll solutionz, however, were vary
viseous asnd therefore Aifficult ¢o hendls. Aceording to
Haok snd Laeko (1968), Sextran (MW LO,000) whiech is less
viseous than Fioell st the same deasity osn ko used as
& density gredient component. FWhen fexirsn was subastit~
uiéd for Pieoll and the previocus sxperiment repeated, very
simiisr results were shiained. The duxtran wes less
viscous, essisr to handls, and yieldod inisot alsurone
grajae ss obaerved iIn the 1ight mierosocpe {Pigure
3.35282«4 ). Although the molecular woight of dextran was
/12 that of Pleoll, its osmotic pressurs tn soletion is
st1ll counsiderably lass than that of suerose in zolution
at the ssme concentration,

33223 Cenclusions
#est of the heavy slieurone and stareh graina
weare affectively ssparajed from the lighter frsciions
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Light micrograph of dextran denzity gradient
fraction, Stailned with IKI. Block particles
are starch grains; other particles are
gleureone greins or aleurone grain inclusions.

Hagnifieation: 1200x.
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using Fleoll or fexiran density gradients, The
spharosomes and mitochondris ware pelleted from
Honda medivm by eentrifuging at 33,000 g for 30
sinutes, [fowever, no Turiner fraotionstion of the

isghter components was achieved,

Phosphatsse, proteinsse snd R¥-ase, among

other hydrelytic cnsymes, ineresse in cetivisy during
G4 treaiment (see section 2}, The develapment of
methods for measuring the disiribution of these
ensymes awong %the various fraotionz of the untrestied

eleurone tissuve 1o deslt with in the preseat mseoticn.

3-4% Distribution of total protein
Aleurone tissoe was homogenized as deseribed in

sesetion 3,312, and the homogenate fragtioneted ms out-
lined in Soheme 3.ui-1,

Protein in each {raction of Hoheme 3.4i~-1 was
fisolated by precipiisting with trichlorseetis so0id (TCA)
{enough TCA added to give & final econcentration of 55),
washing the pregipitatez onoe with 10 Tia, and
redizsolving in 1 ¥ FaiH, Frotein wae moasured by the
Bluret method. Sinoe the lHonda acdiom eonisined



Homegenise with »asor blsdes in
Honde medicm

flave

Pilter through 12 layers cheose c¢lotl

EILTRATE (75 m1) [32.2]*

359 g/10 min.

Resuspeond iz 20 wi Yonda
Layer onte 0 ml 50%

&
“ £/30 min,

Dextren 8, (65 ml
I 1 @lﬂ E”oej
ﬁ’mm}f DPilute 4314 —— 2
| 38000 g/ (with Honds
P‘_——' 3 30 min. ({8 m)) 3 22;
1 3 s L 38000 g/ "Resuspent in
[1.0]) % 30 min. | pemds (10 ml)
(5. : 4 * Nusbers in square braokets
S.% Sas 8 3 sre the mg protein nitrogea
p* Y2t iy 7.4 hefore garrecting for the
33,000 g/30 min B34 in Honda meodisnm,
¥ & (40 =2) -
[f.2 fo.8 2
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Oef mg/ml of bovine serum albumin {BZ4&), the supernstant
valuzs were corrected by subtraeting the amount of Bia

gdtel, essuming that it was s11 in thée supernsianis.

TABLE 3.u{-1

Distributisn of proiein sitrogen between periiculate and
solable fractionas of wheat sleurone tissuve fractionated
s nutlined in Scheme .hi-1.

Ersgties Zrotein fitrogen
img) MABSY
Piltrate 2h.7 -
saperaatans {eombined) 8§e7 38.6
relleta {combined) 3.0 61.k
Regovery 25 .4 104.0

Table Y.41-1 shows that shout 60X of the protein
is preseni in the pelleis ané about 405 in the super~-

natant.

b 1

*he progedure was similer %o that of seetion
3.41 with the axeeption that the initial 500 g
gentrifugation was onmitted, The procedure ls sctlined

in Sehene 3.42w%,

4eld phosphalese activiiy weas nemsured by
ineubsting aliguots of the various frsetions with

godium f-glycerophosphate gt 30°C as incioated below:



10 g ALEURONE TISSUE

Homogenigze with rezor blades in
Honda medium (50 ml)
Sieve

J Filter through 12 layers cheese cloth
4

FILTRATE

Layer onte 10 ml 50% Dextran
¢ 4,900 g/2 hr

L.

. 1
38,000 L/ Tlute 1:9 2
20 min with Honda '
38,000 g/30 3,
No pellet® g min.

01 5________‘1
[i1'§] 2 ¢<—Resuspend in Honda (10 ml)

So
[3.3] [@2.7] 38,000 g/30 min

B s

# The numbers in square brackets represent the total activity
‘of acid phosphatase in each fraction. Pellets were resuspended
in Honda medium for acid phosphatase determination.

‘ict
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Aeid phosphatasse sssay:

Sodium Beglycersphosphate (C.05 M) 4n 0.5 mi
Tris-ascetate boffer (0.2 M, pH 5.0)

Ensyme preparation O m1

Stop resstion by edding 104 TCA 1.0 md

Centrifuge and measurs inorganice phosphate
in supernatants by the mothod of Taussky
and Shorr {1953) using 1 =¥ sodius Bono-
hydregen phosphate as 8 standard, “nzyme
aativity is expresssl as the pmoles of
inorganio phosphats liberated from the
substrate per hour per total volume of the
fraotion.

Table 3.42~1 shows the éistribution of the ensyme
between partigulate and solcble fractions., Mest 37 the
LR utivit; is present in the mpsrnstant. However,
there is an sppreciable amount lu the pellet.

Distribution of aoid phosphutsne between purticulsts and
soludlz fraetions of wheat sleuronc tissue.

Eragiicn
Pelleta 4.7 15.0
Sepernstents 26,6 8%.0

Total 31.3 400.,0



In order te be able to sasay frections for seversl

enzymes at the same time, it vas neosssary te shorten the
fractionaiion proaedure. Sehems 3.43~1 represents the
procedurs fimally adepted, Twenty-five psroent dextran
was sucstituted for the 50% usel yreviously so thet &
shorter time sould be usod for the initial centrifugation.
This mesns thet the fraciions obizined may b2 slightly
different than previsusly. However, light and elsetron
siorossopic sxamination of lhe sisuromc grain fraetion
showed that 1t was similar to that obimined with sither
50% dextren or 50% Fisall,

Frasetions Py and ¥q Wers cosbined end mede to
2% ml with Nonds medium., Frastion 5 was mede to 50 mt
with Honda medium. Each fraction was assayed for soid
phosphatase, a0id ribonuclease and noid proteinase.

ingy#Ec aseays:
8, ield phosphsiase

Frogedure as desaribed in seotiom 3.42.
B) aA0id ribonuglense

Insubation medium:

¥REA (15 in §.2 ¥ tris-acetate, Oy ml
Pg 559)

KC)l {0.4 4} 0.t mi

Engzyne C.5 mi

8%op resction with s zixture of 1. m}
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Rmaiu with Faser bisden
in Honds woedium (25 ml)
Sieve

Filter through 12 layers
oheeas sloth

(mttznlug 0.25 ¥ susrose,
2.9% Fieol mﬁ 0,02% ¥ Tri:
bdt#. 93 ?‘

T k500 5{3@ iﬁﬂ-

l Layer sato 10 m) 2%% Dextesn

Hompganate

25% Dextran layer

pellst

layer 5 sl of 255 Dextiren
over the peilet withaul
removing he other layera

1 Honds layer
25% Dextrsn layer

Py
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Let etand 5 miautes.

Centrifoge and dilote supernatants to 40 mi,
Yeasure opifcal density st 260 nm.

Easyme activity expresssd ss the change 1ia O
st 260 am per hour per fraction.

B Yeast FNA {BDHM) purified by preoipitsting
from a 1% solution of HYA 4in 0.1 ¥ scetats
buffer, pHS with thre: volumes of ethanel
and one~fifth volume of glaoial scetie 2018
(Cantont and Davies, 1966).

) Aeid proieinase
Subedratet

Hemoglobin (BDH) 2.3% was dislysed at 2°C
against 2 1 of 4 mi EZDTA ror 16 hours,
followad by 2 1 éietilled sterilissd water
for 8 hours. To B0 ml of this dialysed
golution were added 20 ml of 0.3 ¥ HCL,

pH 286

Inecbation medium:
Hemoglobin (2%, pi Z.0) Geb5 ml
Kall {1 ¥, pH 2.0} 0.5 ml
Enzyee D¢ ml
Ftop with 104 TCA 1.5 ml

Sentrifage, dilute with water, snd resd
optical donsity at 280 nn,

Engyme setivity expressed as the shange in
0D at 280 am per hour per fraotion.



ZLBLE Jalid=1

Diatribution of acid phoesphatese, ribonuslease and scid protciasse
batween perticulate and soluble frzetionz of wheat aleuronz tissue.

Aetividy Pergent AoSivily Percent Actividy Foarcent
Fellst 0,26 8.8 0 & 8.0 73.2
Sapernatant .5 99.2 A0 400 2.2 26,8

% snis 1s the rete determined after 30 minutes
fnovbation, There wae 5o change in the OD
from © to 30 minuies, From 30 to 950 minutes
the rate was constani,

321
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It sppears thet viriually sil of the soid phosphatase,
and ribonuclease sre present in the supernatants,.
Hossver, the 2018 proteinase was mainly in ths pellet
with an spprecisble smount in the supernstantz as well,

The diatribution of three hydrolytic snsymes was
deterained in seption 3.43 for untreated tissve. The
present seotion desls with the disiribution of theas
three snzymes and amylase between the 28me Tractions after
various times of ineobaiien either in GA or in waker,

Five gram sasples of aleurone tiasul wers honegen-
1sed fwmediniely or inoubated with either OA (10 ug/ml)
or ®ater, Feor inesbaifon vach ssmple was divided into
1 g lots and esoh of these plaeed in & 9 om petri dish
with 8 m) of solution., The samples were inoudstad at
30°C for 6, 10 and 16 hours. At the end of thess times
the semples wers trensferreé te & 0odd room (at 29C),
ths sabient sclutions dscnnted and the tissues rinsed once
with 10 ml of fae oold water. Exoess moisture was sgueased
set of the tissue semples and they were homogenised as
desarided in sestion 3.312,

The humogsastes were fractionsied acoording to
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Goheme 3.43% and fractions Py and Py were sach resuspend-
# in 25 mi «C Honda medium while frasction 3 wvas mede teo
50 mi, Eack fraction was then sssayed far agld
phoaphatase, ribonucleaz2, and soid proteinsse as
dessribed in seotions 3.42 and 3.L43 and for total amylese
as desaribed 1o ssotion 3.251,

The diletribultican of seid phosphataze and ribe-
nuclense smong ihe thres fractions after 0, &, 10 and 16
hours in GA or water is shown in Tebles 5.5-1 and -3,

Both ensymes were prodeminantly i{n the supernstant
frastions st sll time: snd there was no change in tho
distridution sas & rasult of 04 treatment, Neithsr easyme
ineresses alfter GA tremtment at any of the inoubetien times,

Aeld proteinzse was miasured ss deserided
previcusly but no sotivity was feund in any frsotion.
The resson for this lesk of aetivity is not clesr,
Bithar something interfersd with the snsyme assay (such
a8 irreversible vinding of the enzyme %o phyiic seit &
insetivation by the high pH) or there was no seid
protainase present.

Total amylase setivity ia shown in Tadble 3.5=3,
Only the £ snd 16 hour samples were mestured.
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Distribution of seid phosphatase amg fractions of whest alewrons
tissue inoubated for various times With or without 84 (10 pg/ml).

Iing (hours) 0 5 & 10 10 46 16
Ircatusas Fo treatnt. Hager Gi Eater Ok ater GA
3 %6,0(97 aﬂ)‘ 20,0(91.4) 28,3(91.5) 35.3(95.2) 33,0(96.5) 22.2(88.3) 32.2{95.5,
Py 1.15(3.0) De67{3a1) 1.41(3:.6) 0.8(9.k) o {0} 1.50(6.0) 0.67(1.9)
Py o (o) $.258(5.8)  1.50(L4.9) 1.15(3.3) 1.45(3.5) 1.4b(5.7) 0.89(2.5)

Tetal 37.2(100) 22,06(100) 30.9(100) 55.‘3(1‘%} 3,.2(400) 25.4(900)  33,8(100)

% wumbers in brackets represens percent of totsl enxynme

‘621
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The distridution of ridonnclienne among fraetions of :9»& slearone tissve
inoubatsd fer various times with or without OA {10 ug/m})

Timg {heurs) ) 5 5 90 10 16 16
Iresiuen’d Fo troatmt, Wster OA Wnter QA Water ah
8 10,7(100)% 17.5(86.k) 19.7(91.1) 12.5(100) 15,7{100) 15.2(92.6) 23.0{88.4)
Py ? {0) 8e33(1.6) 0.83(3.8) e (o) 0 (6) 1.1 (6.8) o (0)
P, g (0) 2.45(12,0) $.44(5.1) o {0 0 (0) 9.41(0.6) 3.41(11.9)

Total 10,7(400) 20,3(100) 24.6(100) 42.5(100) 15.,7(100) 16.4(100) 26,1(100)}

% yambers in brackets represent psrasnt of total enzyme

oLt
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The distribotion of total smylase smong frastions of whest aleurone
Sissus inoubated for varioes times with water or GA (10 ug/ml).
Practiionation ss ouilined in Scheme S.43-4,

Iing (hours) 3 [3 16 16
Ireatasns watey Gh Water GA
8 ‘,9?@(%30)‘ ﬁ.M€ f}ﬁ,‘l) 9!“50(9303) ,2{?%(5&!6}
Pq 360(k.7) 510(6.9) 476(h.9)  4,740(20.2)
P 407(5.3) 524(7.0) 175(1.8) 5,900(25.2)

Total T:.737(480) 7420(100) 9,704 {100) 23,420{(100)

% Jumbers in brackets represent perceat of total enzyme

21
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There was very liitle effect of G4 on the amount
or distribuiion of amylase at 6 heurs., However, Oi
oaused both sn inoremse and & change in the flatriduiion
ef smylase st 16 hours, Shoreas over 9% of the enzrme
wze in the sepernaiant ractien of the water sontrels,
oaly 55 was in this fraction of the ZA-~treatad sample,
The remainder was dilsiriboied betwesen the psllets.

a=imyiase is synthesized d¢ nove in response to
GA vwhersas -amyless, alresdy present in the starchy
endosperm, ia astivated. It was o interest to determine
whether any of the enzyme in the p2lleis after 16 hours
in OA wes c-arclass,

The gsuples were stored at 09C evernight and the
totsl smylase of sll three of the 16 hour OA frastions
measured sgain. These Shrse fragtions along with the
superasiant {rsotions of the sther three seamplez were
then made 5 m¥ with ecaieium scetate and heated at 70%G
for 20 minutes to Jesiroy f-smylass., The o-amyliase
aetivity was then messured, Ne setiviiy was foand in
either the 6 hour supernstenta or the {% hour water senirol
suparnatent., The setivity of the 16 heur CA fraetiens
is shown in Tedle 3.9k,
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SARLL S.02h

Ddetribation of Sotel amyiamse und c-asylase after atorage
of the 16 hour GA fractions for 2 hours at 09,

. s) '?m hours)

8 12,780 (54.6) 135,820 (93.0) 2,620 (89.8)

Fg , 740 (20.%) 184 (1.2) 2 (o)
Py 5,900 {25.2) 880 {5.3) 298 {10.2)
Total 25,1420 {400} 14,884 {100) 2,218 (100)

There was no of fent of storsge on the amylase
sotivity of the supersatant. However, the activity of
beih pellets was zrestly decrezced after 24 hours siorasge.
e~Amyinge sccounted Yor at lemst part «f the aciivity in
the supernstant snd i{n Pyo & preperiion of the sollvity
in the pellete (Tebla 3.5-3) was prosbly due to S-smyliase
which was pessidly assoelsted with the sterch and whied
waz zoilvated by & treatmens, THowever, as noted shovs
st lenat soms of the pr.-Yieulate smyloae was a-smylase,

Host of the Oi-~inducsd ensymes appeersd Lo be
loealised in the 38,0600 g supernstsnt. To tesi the
possidility that thess enzymes might e present in a wvery
light parsiculate fraetion, the sxperiment was repested
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sad the 38,000 g ascperastanis further asntrifoged at
155,000 g for 60 minutes.

Lregedurs

Five gram lots of alowrocne tissue wer:s {noubnied
with water or G4 (10 ug/el) ter @, 6, 18 or 24 howrs.
AL the ond of these iiwes the wsbilent solutions were
decantoed, saeh 1 2 lot of iissues was rinsed once with
10 ml of mater and the rinses sembined with ihe sabisant
solutions whioh ware then meda Se 100 ml with water and
stored at 290 until required. The ttusee was then
homogenised sndé fractionsted as ouilined in Goheme 3.5-1.
The fractions were desit with ss follows:

¥y = resuspended in 25 wml Homda

Py end z%'% - ¢embinesd and resuspended in 50 mi Hendas
;.E@g and P@ = gombined and resuspended in 10 =l Nonda
%Th snd %. - gomhine’ and made to 50 ml with Hends.

&858 phosphataas, Wesae and aayiase wers measuped
in esch fraciion =e Jeseribed for the previous experinent,
The results cro chown in Tables 3.5«5, «6, =7 saf «8,

one: sosia, meat of the aeoid ykmkatwg wam
present in the scuevnatent fresoticn. Only small amountas
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3 R ALIURCHE TISZUS

Homogenixe with rasor bledes
in Honda medium (25 nml)
Sieve

Filter threugh 12 layers of
YV oheese cloth

E1LTEATE
| Layer onte 10 ml 25% Zextran
(eontaining 0.25 H sverose,

2.5% Fieoll in 0,025 2 Tris,

pﬂ 7+8)
4,900 g/}@ =in.

4

fomaganate

255 Dextran layer
pollet

iayer 5 m} of 285 lextran
over %hl peliet without
removing the other layers

“ ’900 P 39 ‘iu L]
Y
s00s/
é min,
—
2 ﬁ | ggﬁlﬁg{ggj
150,000¢ / min.
I ,ﬂiﬂ- » % i
‘. 4 el




SABLE .33
Distribotion of acid phosphatasc smeng frseticns of wheat aleuwrone %iseus
insuhated for various times with water or GA (10 pg/nl). Fraeticnation
a8 outlined in Scheme 3.%5-1,

Zime (hours) @ 6 é 18 18 24 2l
Jrests Hone Water Q& “ater GA Water aa
By ¢ By 16.6(87.6)% 33.5(92.0) 33.9(95.0) 19.9(86.2) 25.4(88.6) 25.5(93.8) 39.9(95.4)
Py, + Py 0.3(1.6) O.{1.1) 0,3{0.8) 0.5(2.4) o0.7(2.4) o (o) e (o)
Py ¢ Py 1.4(5.5)  2,4(5.8)  1.4(3.1)  1.5(6.5)  1.5(5.2) 0.9(3.3)  1.0(2.4)
Py 1.0(5.3)  O4(4.1)  O.b(4.9)  1.2(5.2)  1.4(3.8) 0.8(2.9) 0.9%(2.2)

Total 19.0(100)  36,3(100) 35.7(100) 23.4(400) 28,7(100) 27.2(100) 144.8(100)

% xambers 1n braokets represent peroent of total enszyme

09{;



Zims (howra}
Ixssinent
%yt 3
Pyt Py
Py ¢ Py
By

Total

Distpibution of ribonusliesss among {rastions of wheat aleurone tissue
inoubsted for various times with water or GA (10 ug/ml). Frastionation
as outlined &n Bohema 3,.%5-1,

o 6 (3 18 18 20 2l
Nane Hater oA fater GA Weter GA
20.8(82.8) % 35.3(7.7) 36.5(76.2) 20.2(94.8) 34.5(91.3) 26.8(100,0) 45.3(92.6)
0.6(2.4) 1.0(2.2) 0.9(1.9) o (9) o (0) o {0) 0.8(1.6)
2,0{8.0)  7.3(16.4) 7.3(15.2) 1.1(5.2)  3.3(8.7) 0 (0) $.8(3.7)
1.7(6.8)  3.0(6.7)  3.2(6.7) o (o) o (o) o (9) 1.8 {(2.4)

25.4(100}  Wh.6(100) 47.9(100) 24.3(100) 37.8(100) 26,8(100) 48.9(400)

5 numbers in draekots represeat percent of ieoial enszyme.

*i8h
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Digiribution of total amylass ameng freetions of vheat alesurona tissce
jnoubeted Tor various times with water or Gi (10 ug/ml)., Fractionsted
as outlined in Sohame 3.5«1,

Time (hours) O
Irestment  fems
3“‘ 5§ -
Total -

3 & 18 48 2k
“ater 84 ader GA Watey
6,765(88,7)% 7,520(88.2) 10,655(30.6) 54,760{89.1) 9,450(62.1)
® {0} o (9) 3%8(2.9) $,724{3.0} 1,185(7.7)
634{ 3.6, 724(8ek) o (o) 1,758(3.0) 598(3.9)

208(2.7) 238(3.h ) T75{6.5) 2,80(4.9) 3,990(26.3)

7,650{100) 8,529(100) 14,778{100} 53,079(100} 15,203(100)

® Nusbere in brasckets represent percent of totsl emsyme.

24
OA

34, 780(62.4
& 450(19 .6
40.430{18.7
b ,0%0(7.3)

55,730(100)

14
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SABLE Z.5-8

Distribuiion of ¢esmylizse amoiig fractions of whaat
sleurone tissue inpubated for warioua times with water
or 84 (10 #l). Prastionated ss ontlined in Schome

3e5=1,

Iine {hours} 43 13 2k 24
Irestuent Water GA Water GA
Gy + Bg = 7,785(95.5)% 2,993(56.8) ki,035{85.7)
P+ Py = o (o} 322(6.4) 861(1.8)
Py+ Py - 385(ke1) e {0} 2,335(4.9)
Py - 0 {0) 1.955(37.1) 3,650(7.6)
Tetel S4198{100)  5,270(400) 47,88¢(400}

¥ Xusbers in brackets represent percent of
total snxyme.
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Bl-pse sleo was predominently in the supernaiant
pirticularly st 18 snd 24 hours. Ite distribution
gmony the fraciions did nol uppesr Lo be affected by
G4 slthough G2 caused en incresme in the total amount

of ensyma after 24 hours,

Total smylame was logated mainly in the supere
patant at both & and 12 hourg, However, there was an
{noresne in amylase in 21l fractions after 18 hours in
Bi., A% 24 hours almost 405 of the total amylass wam
present in the pellels in both water contrels and GA
sanples, (i causad ¢ consideredle iocreass in amylaess
perticulsrly in the supernadant, 58,000 g pellet and
150,000 g pelled., Tablas 5.5« showe that c-anylaee
mpekes p & large peroentage of thie engyme sovivisy
perticulariy after 24 hours in G4 and espesially in the
supernstant and in the 4,900 g pellet (Fy).

3insce the FA-insuced gusynes are largely secreied
by the aleurons layers intc ihe surrounding medium, the
ansunt of these anxymes wae alse sessured in tav smbient
solutions, The Gistribuiion of the onsymes hetween the

ambient soluiions and the tissue 1 shown ia Table 3,53,

G4 had no effect on the distribution of soid
phosphatsse uyntil 24 hours when a greater proportiocn was
found in the ambient soluiionas. Similarly thers was

no effeet af 44 on the distribustion of HE-ase gven at



ACID PHOSREATASE

Iing (hours) ©

Zxssinent Nene
Tiasue 49.0
Amblont -
Total 13.0

RISONUGLEASE

Tizg (hoers) ©

Jrsataent | Kooe
Tissue 25.4
Ambiont -
Total 25.1

&
vater

36.3(59.6)
2.6(50.4)
60.9(400)

&
HWater

bl .6(52.7)
a0.1{k7.3)

8y.7(100)

s
ar

35, 7(60.5)
23.3(59.5)
59.0(100)

6
O

47.0(51.4)
hb ,5(%;3.6}

91.5(100)

TABLE 3,50
Dissributicn of seid phesphatsse, ridonselesse, total amylese snd a-smylase of

wheat sleurons tissce insubated for various times with water or GA (40 pg/ml)
betwesn the tissus and the subient solutions.

48
GWateor
23.4(43.3)
23.7(50.7)
46.8(100)

15
Eater

24 c3€k9¢3)
21.5(50.2)

42.8{100)

18
GA

28.7(57.4)

24.3{42.6)
50,0(400)

18

GA
3?0%5302)
33.2(46,8)
74.0{100}

{continued)

2k 24
Hater GA

27.0(100) 41.8{28.7)
o {0)  104.0{71.3)

27.0(400) 146 (100)

2 2y
Water G4

26,8(100)  48.9(8)
o {0) 9.h(16)

26,8(100) 58.3(100)

“ine



JABLE 3.5-9  (eentinued)

ZOTAL AMYIASE
Zime (houre} O & 6 18 18 2 24
Ireatment Kone Water QA Water GA Fater GA

Tissus - 7,630(79.5) £,529({81.3) 11,778{29.2) ﬁavﬁ"?(ﬁﬁuh) 15,208(24.0) 55,750(8.8)
Ambient - 4,970{20.,5) 4,970{18.7) 28,630(70,8) 171,200{74.6) 48,210(76.0) 577,000(91.2

Total - 9,600(400) 40,499(100) 4O HO8{100) 229,279(100) 63,443(100) 632,730(100)
YiasE
Timg {heurs) © '3 6 1 18 2 24
Ireatment  None  Vater G Weter GA Water oA
Tissue - - - o a.ﬂs(S?oh)‘ 5;273(@&.*’ k?yﬂsiii‘ﬂ)
Ambient - - - - 13,550(62.6) €,6706(55.9) 191,800(80)
Total - - - - 29,668(400) 11,940(100) 239,6581{100)

% Nusbers in brackets represent percent of total enzyme,

*2h
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24 hours. At 6 and 18 hours RN-sse was more or less
svenly diatributed batween the tissuss and the ambient
solutions, while at 24 hours most of it was found Inside
the tissve. 4mylase, on thoe other hand, was predosinently
inside the iissce at 6 heurs but 70 to 73X was In the
asbient soluticn at 18 heurs 4in both water sontrol and GA-
treatsd samplea, At 24 hours ther: was no further chenge
iz the dfstribution 1o the water oontrols but over 90X

of the amylasse of the 0A sample:z was in $he ambient
solutioas. The Sistribution of a-amylase Tollowed a
similer pattora at 18 end 24 hours but with a somewhst
largar propertion s the ensyme ianside the tissue,

Sopelugiong:

dmall amounts of the enxymes are alweys found
in particulate fractiomns but thess penerally represent
oniy & smell propertien of the total. There doss not
sppesr $0 be any prondunced ineresss in aay of the
snzymes iz the 150,000 g peliet., Large amounta of the
enzymes, soid phozphatase end smylase, are necreted inte
the axbient soluitons particularliy 2t 2, hours, vheress
KN-agse 15 reiesined inside the tissue,
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In anower t0o 2 cuestion eboot isolsting 2 eell-
free protein~synthesising eysien from barley sleurone
celila, Vearner replied: "Thess celis have very heavy vell
walin, =nd therc iz some problem of ilogistics in peiting
hunéreds of grams or even isny of grams of aleurond
layers” {(in diseussion of paper by Verner @t el., 1965).
puffus (1967) also stated that * ... the isolation of
alevrone in guentity, ires from atarchy endospers, 18 a
very time-gonsuming 88k snd ohmnges are taking pleee in
the sleurone throughout ihis periecd®. The methed for
iuolating wheat sieurons tissus, feoveloped in the present

investigetion, has overcoms these ¢ifficultiies.

The isolstion = barley aleurone tissue required
preeinoubation of the half-geed in woter for twe to ithree
deye, whersas the whest system requires oniy 26 hours
{inoluding %he 2 hour sterilisation period in ealcium
hypochliorite). Handepeeling the barley mlf-sesd wes
time-consuming, the tissves sblained wes hetlerogeneous
because of variations in time end handling of individual
layers, and only reistively small quantities could be
abtained., The wheet system, on ihe other hand, reguires

only U5 minutez for the isolation of tem te twenty grane



3.

of tissuve. larger or smaller amounts cen be obtained
with sliight modificatione %o the prooefure. The

neture of the method ailows for very sirict control

over iresiment of the Liesuve from one experiment to
snother and results iz 2 reproducible population o
uniformly trented sleurons isyers. Although there 1w
#till zeome conteminstion {rom the starehy sniospern,

thie is reproducible {(section 3.,133) and is yrobably not
sppreciadiy different from thet of the hand~peeled barley

aleurons tissuve.

The responss of the shest aleurone tissus 4o OA
is gualitetively similar t¢ that o barliey aleurens.
a=~Amylaseé praduotion iceresses with inoreasing 54
conosntration ang thers is no resl opiimum for the
response {(s20%lon 3.21). Similar results had been
found previously fer the produciion sf redusing sugars
hy barley heif-seed (HseLleod and ¥illar, 1962) snd Cor
the preduction of o-smylase by barley sieurone layers
{Chrispeels and Varner, 49567aj.

swimylese is produced after s short leg period
snd is segreied inte the mefium. The Simo-course aof

developmsnt of the enzyme is comparsble with that of
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bariey tissue isolsied by hand-peeling, ensyma digestion
or grinding sosked halfezeed with & morter and pestic
{Verner snd kam Chendrs, 198h; Yome and Iinums, $56hy
ineleod ek gl., 1964). In the sxperiment reported in
peciton 3,22, an inerssese in --smylase producstion wags
detected after 16 houre incubatiom with GaA, However,
& relatively insenszjitive method for sssayiag the engyme
was used in this experiment. ¥hen the mors sensitive
methed Aeseribsd in seetion 3.25% was used, inoreased
cwamylase produetion wes evident after only 9 hours
incubatton. This agrees well with the time course of
development of a=pmylase by hand-peeled bLarley sleurone
layers reported by Chrispeels and Yaraner {(1967a).

The pd studies of seetion %.25 indicated that
cegmylase production was onhanced ai low p¥. However,
there was alwgyma shift during the ineubsiion period Ho
betoeen pH L.0 and L.%. 4 similer eobhansemsn: st low
pH wae Tound for the GAi-indused sagar releass by berley
half-gesd and B pH oplimum of eout 4.3 was esisllished
feor this response uging higher goncenirations of the
buffers (Palep, unpubiished:, Hriges (1968) 2lse found
& dprirt din pH S0 3.04, 5.58 snd L.00 when bariey half-
sesd wers inoubated wiih unbuffered 4a (50 ug/mij.

Thia shift in pH is probebly dus to ascumulstion of

fatty and amino aelds in ke emblent solutions following
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hydralyeis of lipids and projeins by the GCA-iniuced
engymes. Thus, the whest tissuve is similar to the
bariey hair-ssed in raspect 1o both the low pi

enhancement ané the pH shift during incubaiion.

The aetivity of cv-amylase in the saxmbiens

5

solutions was enhanged by 2 x 10~ ¥ eslofum ions
{seottlon 3.24) as was slso found for barisy c~smylace
{Clhriapeels and Verner, 19:7a). Chrispeels and Varner
showed thet the celecium effeet was on the siabiiity o
the eagyme in wcluiion rathar then on its synthesis or
sagretion. Thie is provebly elso tree for the vhest
system since there wee us effect of valeiurn pn the

REount of enzymeé remaining in the tisave,

scsinomyein D (59 ang 100 ag/ml) fahibited the
precuetion of c-smylssc by the wheat sleurone tissus by
%% wheress 1{ inhibited the berlsy system by only 60%
{Cnrispeels and Verner, 1967a), This 4ifference in
sensitivity %o the antibiodic could he due %o 2 nuxher
of faetors, éince the wheat alevrons layers are only
ong ¢ell thiek, 1% 1s& conseivable that the antibiotic
peneirated more repidly and perhsps in 2 highor
congentration then into the bharley tissue whieh is
three oeils wnhiok. The affeet of the sntibioiis on

gluocose metabolism reported by Honig and Radbinovitg (196%)
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was not responsible for the inhibition in vheat tissue
ginoe sddition of glucome 41id not ocsumse & signiflosnt
reversal of the iphibition. Indesd, ihe small amount
of recovery observed with glucoss could be enéirely
sccounted for by ihs eﬂhanalmant af c~amyliase prafuciion
cauped by giveoes in the sbsence of aciinomyein D
{seotion 3.251). Another poseible dxplanation for the
gresier iaiinitlon by setinomyein D im the wheat tissue
may be that the methed of lsoletien, slthough relatively
sentle, is harsher ihan hand-pesling. This way resull
in & wounding effaed whiek in other iissue csuses an
inerease in A¥-ase activity (Begi g% sl., 1967). The
ineressed Il-sae may, in turn, result in destrection of
pEA ghish must b2 roplenished before protein syathesis
gcsn proceed., sotinomyein D would preveni this

raplenishment.

ia general, %“hes, the whest sleurone tissus
respends $o G4 in p way which is unslitstively similer
to barley sleurons $issus. The egse with whish it is
shtetned, the vniformity of hendling whioch is possible
and ths large guantities which cen b segured wake it e
very sttresgtive experimenial materisl with whick to

study the 04 respones.
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The electron miorosoope studies of the alevrone
tissue of germinsting bsrley seed (seation 2.52)
suggested that vesloles were pinched off from sndoplsemie
reticuiom, transported to the pissmslemma and dincharyed
outside ths cell (Ven der Ib and Nieuwdorp, 1967).
Similer studies of whest aleurone tissve {isolated by
the method in section 3.13 and jncubsted for wvarious
times with GA) indicsted that different kinds of sub«
selluler etrugturss sppesred as 2 result of Gi trestment
(compare Figures .3« and =2 with Figure 3.312-1).
These struetures, which ware irregolsr in outline ant
eleatron dense after K¥nOl fixstion, were observed
feirly frequently after 24 hours trestment with Gi.
Oocasionally, aaz shown in the igures, these particles
appearsi to be discharging their contents at the cell
meshreane, liowever, this latier phencmenon was
observed infrequently and snly at speeific regions of
the cell wall. For %his and ather reasons the eleotron
slerograph studies are an yet inconeclusive. Neverthe~
less, they 2o suggest the possibility that the G4
iniuged enzymes of the wheal alsurone tissue may be
present in partisulsis frsotions. The large amounts
of reagtive tiseuz made avallisble by the mass-isolatien
teohnigue permitted the investigation of methods for
homogenizing and fracticoating the



EJCURE la2=)

Zlectron micregraph of part of sn aleurons
oell Trom tissue that has been inoubated with
A (100 ug/ml) for 24 hours., Cell wall
sxtends aeress the bottom; denss irregular
particies scattersd throughout the csll and
appesr 1o be Glseharging their contenis &t
the cell w=all, Hagnifiocation: 22,500x.
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Eleoiron miorograph of part of an aleurone
s0ll from tissue that hss been incubated with
A for 24 hours, Cell wall ¢xtends from tep
to bottom sleng the left-hand asidey pariicles
appesr %o be discherging thelir contenis inio
the sell wall, ‘imgnifieation: 22,500z,
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aleurone tissue in arder to sxanmine the sbhove suggestion.

domopenization si the aleurone iissue 444 noi
prove $6 bs & simple teak., 4s Paffus (1967) astated
e the sleurone cells are protected hy thick wsils
and, though this Tseiliistes tneir lsoladtion, 1%
ninfers their homogenigeiion,” Only methods whieh
sliced the tissve aleanly withoel shesring or ereshing
were suiteble Tor isolesting morpholiopgically intaat
alsurone greins (seciinn 3.318). Ths rasor-~vlsde
teshnique Pimally »6opbed, slthough perhaps the
gentiest method of homogenisglion, is {ime-gonsuming.
Tue major Sisadventage ol the method 48 that the grude
homogenstes have %o stand for one to two hours, elbsit
ia the cuold, before Iractionaiion gen be achieved,
Thig isoresses the cheones of dassge to sembranes end

of leskaepe of engymes.

Freetionation of the homogensies intos subeellular
sonstituentz sgain posed 2iffigultien. fuoroee, whish
12 normally ueed 28 s density gradient component and
which hae been usesd t¢ isolate protein bodies from
both immeturs whest endospers (Orsham, Horten mnd

keison, 1963) and soybesn sotyledons {Tomhs, 1967),
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caused the alevrone graing to Jisintegrate at high
econcentrat ions. Figoall or Jdexiran hed tc he
cobatituted as o density sradient component. Using
these high meoleculer weipht Sompounis, 1t wae possible
8o aktein morphologieally intect sleurons graine and te
saparate them, at least partially, Trom $he 1ighier
components. Althoug: the fragctions isolated

zonsisted af more thean sne component, osch fraetion was
generally enriehsd with one nr two speoific subcelluler
orpanellss, For sxasmole, the U900 g pellet conaisted
mainly of sterer and aieurons graine, while the 33,000 g

pellet was comprised msinly of spherosomes snd mitochondria.

The regulis of sttempts to locslize the amylase,
acié phoaphatase and i-ake 15 2iiher soleobls or

parsiceiate fragtions wara inconclusive.

From .6 $0 13.8% of ths seid phosphaiase,
Q to 25.32 of the FEw-ass, Y4 te 57.9% of the totsl
anylasz, end L.1 to 43.2%8 of the c-smylame were pressat
in particulete fraectione after verious treatments.
For aeid phosphstase and :E-ase the peraentsges »f
éngyme is the particulsie frections represented &

relatively small amount of Stotal ensyme. Furthermore,
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GA did not induce mny zubastantial changes in the
distribution of either of 3hes: mEymes. Por the
amyleses osn the other hand, even the smallest percentage
of angyme found in particulsie Iractions represonied

8 substential soount of metivity. Horeover, the
distribution »F¥ the engymes beltween pariiculate and
sopernstant fractions wue changed sfter inoubstion

af the tissus with G4d. For sxsmois, sftar 24 hours
inoubation with weter 37.9% of the totel amylsse vae

in the particulate fraction snd the greatesi proporiion
of thie wae in the 4900 g pellet. The sews total
percantage of engyze wos in ths particvlate fragilon
after 24 hours in G4 bet 1t waz more svenly Jisiributed
between ths fractions with the lsrgest ampunt in the
35,000 g pellet arnd Sne leest im the H9CO g pellet,

Un the other hasnd, 4J.2% of the neamylsse was in
perticulate Traaticos after 24 hours incubatiod with
water ond again most of ihie was in the heaviesi
iractica,. gnly t4.5» of the ensyme was pregent in the
particulate fraction after 2i nhours in GA with
gubstaniial smounts in bolh the 4900 g and 38,000 g
pellete as well as & small smount in the lighter
fraetion.

The gquesiion is whether ithe snxymes yressnt in

the pellets represent particulete enzymes.
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“he following considerations mmy bear upon ihis question,

be32%

I the GA-induced ensymes ars synthesized oy

packaged in particles, then the nature of the homogeni-
sation and frastionaiisn technigue, snd the intrinsie
qualitise of the particles themselves, will determine
whether the ensymos cen be detegted in particulate
fractions,

The ease with which partiocles ocan be separated
end easymes measured, depends on several factors:

1} The nature of the tismue;

£1) The amount of ensyme present within the
tiesue initiaily, and in the control at
subsequent timess

151) The esmount of onxyme induced in the tissue
by hormone treaimenty

iv) The sensitivity of the assays;

v} The fres sccess of ensymes %o subsirate
during the assay;

vi} Rupture of pariicles during freotionation.
Beoause of the unigue guelities of the aleurone
layer and the response indueed within it by GA, all of
the abave points are relevant, as shown in the

following dissussion.



1) ZIhe nature of the %issue

Ag iniicated esrlier, the sleurone cells
possess very thick tough e2«ll walls anscessiiating
relatively severes mothods of nemogenisetion. Thim
probebly vesulied in =i sninown proportion of the
subcelivlar pariticles Seing fameged meohanioslly.
In sddition it e likeiy that & csriain amount of osmotie
or ensymatic damage also ococurred becausas of gossible
di{ferences in ocemotic pressure between individesl
particles and the medionm, sad the long times {one ar two

hours) reguired for homogenization.

These fectors would tend to caupe an increase in
the engymes in the supernutents md a decrease in the

particclate fractions.

Lxamination of Tabls 3.95-7 revesis that the total
getivitien of acid phosphstase and Rli-smse were axtremely
low, In sdéiithon, HOX or more of the enzymes were
szoreted into the wmedium {except Ior ZN-ape a8t 2L hours)
leaving only very small amounts delectable inside the
tiseue., Amyisse activities, on the ather hand, were
eons iderably higher, and szlthough 50% was seoreted inso
the medium, the smount remsining in the iissue was

sanstantisl, especisliiy ot 24 hours. fvep sllowing for
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the disropiion of a proportion of the particles
fduring fractionstion, the high levels of emylnse
gotivity within the tizeus inoreases the possidility
of deteetinpg these anzymes if they are in particulate

fraotions.

Table l.52«1 ghews tha%, in sddition to the
sehivitises of scld phosphetase snd Ai-asge heing very
iow, GA induced only n small {less tham a Zefold}
inorease in their levels in the tipsuve, aven sfter 24
nours. On the other hané, totsl smylene and c-amylsse
poetivities were mueh higher initislly, 2nd thers was &
Le pnd S=feld inereass, respectively, in the tiseve

after 24 houre in GA,

Onee egain there is o greater chance of finding

the amyleses in particulete fractions then ths ather iwo

enzymes.,
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TABLE L, 32-1

Ratio of the enzyme activities in the GA samples to thcese
in the water controls. Data derived from values

presented in Table 3.5-9.

Acid Phosphatase

Time (hours) 6 18 2L
Totsal 1.0 1.1 5.4
Tissue 1.0 1.2 1.6
Ambient 1.0 0.9 -~
RN~ase
Time (hours) 6 18 2L
Total 1.1 1.7 2.2
Tissue 1.1 1.8 1.8
Ambient 14 1.6 -
Total Amylase
Time (hours) 6 18 2L
Total 1.1 5.7 10.0
Tissue 1.1 L.9 Bk
Ambient 1.0 6.0 12.0
a-Amylase
Time (hours) 6 18 2l
Tissue - - 9.1

Ambient - - 29.0
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g-3iycersphosphete, the substrate used for acid
phosphatess, 1s non-speeifiv and may be hydrolysed by a
nuzber of ensymes having different degrees of afTinity
for it Yeant BHA, the sobatrste for Ri-sse, may or

may 20t be the bast substrets for ihe aleurone engynme,

In addition, the physical parameters which
might be expected to influence ensyme activity (i.e.,
pil, buffer molarity, inhibitory effects of componenis
of sthe fraotionsting mediom, eto.) were not thoroughiy
investigated,

On the other hand, amylose is highly speeifis
for the smylase esagymes snd the requiremenis for the

assay of these easymes sare well known,

Furthermore, it was sssumed that the comditions
of sssay would be sufficient to lyse any partieles that
might be present and thuz release the engymes into
solution. Therefors, oo attempti was made to ensurs
that perticles wors ruptured before sessying.

Howsver, if only & small propertion of the particles
were ruptured during the assay, sshatantisl numbers
of partiaclea would hsve to be present to detect very

moch ensyme sativity. This agein would favour the
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detsction of anylapes in perticles rather than the
ather two ensymes.

vij

In Table 3.5~10 the ensyme acetivities of She
grude homogenates sre compored with thet obtained by
sumnstion of the sngyme cotiviiies of esch of the
freaotions. The values for the erude homogpsnates were
ohinined by messuring engyme agiivitiea sfter the
filtration atep but before fraztionstion {see ichome
Belwd}, Theoretiosily, the snzyme activity of the
orufie homogensates should be the sane ss that of the
sombined fraciions when corrected for volume &ifferences.
This was true Tor the amylsses, but the values for acid
phosphatase and R¥-sse were genersily lowar ian the

eruds homogenntes,

T*wo sxplanstions msy be put forward ito explain
the lower activitiss of acid phopphatase and RN-ase
in the erude homogenates:

1) There iz an inhibitor in the srude homopsnate
whioh iz ceperated from the enxynes during
frastionsation.

11) The ensymes are present in zssbrane-hound
pariicles, s proporiion 4f which ia
d4srupted when the tissus is Iractionated.



&ﬁ s, 1(}.)

Qreﬂa hamosonato
Combined fragciions

HISONUCLEADE
wggg {haura)

araae aamagcaatn
Combined Traciions

;ﬁgg {haar:i
JIrestmens
Crufe homogenaie
Conbined fraations

_ggg faoarn}

crnda hamcgtnast
Combined freeiions

Comparigon of the sngyme sctivities of the erude
honopenates with the sum of the sotivities of the
varijous fragtiona,

0 6
Hone Hater
be3 273
‘900 3@&5

0 6
Hone Yater

9.3 394
25.% Ahb.o

0 &
Hope Waler

- Gy960

- 7,630

] &
Hone “ater

6
aa
M.2
35.7

GA
39.1
L7.¢

6
G&

18 18
Hater GA
15.6 15.6
23,1 25.7

18 18
dnter OA
19.4 19.3
21.3 37.8
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101,200
47,854
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L.322 Evidence for perticulate g-smylsse

Tables 3.5=5, =H, =7 and «§ show that anly a=sll
smounta of aeid phosphetas? snd Ri-ase are present in the
particulete freetions whereas zubstaniial smounts of the
smylsses are found in the pelleta. This evidence
Buggesta that at less? the GA=induged c~amylase may be
present in a particvliate frzetion. In view of the
conziderations mentioned in the preceding seotion, the
differences vetween li-ame and seié phosphstase an the
one hand, and amylase on the other, may not necessarily

represent differences in hormonsl control mechsnisms.

However, th2 data sre By no mesans goncluaive.
The smsil proportions of ensywes preseat in ihe peilets
may simply represent irapping of zoluble ensymes batwesn
particles or alsorption onto particles. Improvemsants
in the mathods of homogenisatisn, fractionation sné#
purifrication of particulate frecotions sre necessary
before the perticulate or soludble nature of the snsymes

oan finally be determinsd,

It 48 interesting o note that in at lesst one
other investigation of cereai seed, u~smyleps hes heen
logalised in @ hesvy particulets fraetion {Novellis,
1960},
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4.4 Hormonsl control: the lysosome hypothesis

As suggested in seation 2.9, the OA-~Iinduoced
engynes of the cereal sleurone layer are analsgous
in many ways %o the lysosomal ensymes of snimsl oells.
The electron miorogrsphe of aleurone tissue indioated
that dirferent kinds of particulate structures asppeared
88 2 result of G4 trestment. It iz s$1ll atiractive
to specalate that these particles may contaiz the
synthesized ensymes. However,; the results of the
sttempin made during the present investigation to
logalixe the engymes in such pariicuiste frsotiona were

inconcluzive,

Thus 4% is not yet possiple t9 determine whether
the mechanism involved in the initiation and produetion
of the G4i-induced engymesn of the aleurone layer is
gimilesr to thet postulatsd for the conirol of animel

lysosomes.

5« CONCLUSIONS
1} The techanigoe developed for the isolation
of large guantities of vheat sleurocne tissue
is quite satizfectory in thei 1% is repid,

reprodueible, a2nd produces a viable tissue.



11} 'The rasponse of this wheat sleurone tissue
is gqualitatively similar %9 that of hand=-
peelsd harliey cleurons.

111} The sentrifugetion technigus umed for
frastionation of the ssboellular psmrticies
provides ouly heterogeneous fractions,

iy} o-pmylasse cceurs 1n substantial smounts in

perticulste fraetions,

v, Little evidence of Rli-gss ond meid
phosphatase was found in fragtionz other

then the superasisnd.
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ELECTROPHORESIS ¢

The wheat mill bran of section 3.14 did not respond
to GA by producling a-amylase. However, other proteins
may be affected by GA as is the case for barley aleurone.
Therefore, using electrophoresis, the effect of GA on
wheat mill bran was compared with its effect on barley
aleurone tissue with respect to changes 1In protein and
enzyme spectrum. In addition, protein secretion and
c-amylase production were measured to check whether the

tissue was responding to GA.

A1. Preparation of the tissue

wheat mill bran from the veriety, Wollongong, was
isolated as descrlhed in section 3.11. Barley aleurone
tissue from the varieties, Neked Washington Trail (NWT)
and Naked Blanco Mariout (NBi), was 1solated by hand-
peeling as desoribed for wheat in section 3.12 except

that the imbibition period was 72 instead of 16 hours.

A2, a—Agxlaae response

As noted above, the whest mill bren d1d not

produce c-amylase in response to GA (see also section 3.11).



A2,

Barley aleurone, on the other hand, did respond

to GA in this way.

51X lots of 20 aleurone layers were isolated
from each of the two varieties (NBM and NWT)., For each
variety, three lots were incubated with 5 ml of water and
three with 5 ml of GA (100 ug/ml) in 100 ml erlenmeyer
flasks in a shaking water bath at 30°C. After 24 hours
the ambient solutions were decanted, diluted with an equal
volume of 10™2M oalcium acetate and heated to 70%8 for 20
minutes, The o-amylase activity of the heated solutions
was measured as descoribed in section 3.11. The percent
initisl OD at 600 nm of the starch~iocdine complex is
plotted against time in Figures A2-1 and -2 for the two
varieties, In the presence of GA the optiocal density
of the staroh~iodine solutione decreased to about 2% of
the initlal value within 18 hours. In the ebsence of
GA the optical density also decreased but only to about
85% of the initial value after 18 hours. Thus, the
aleurone tissue of both varietlies responded to GA by
producing o-amylase, and very little of the enzyme was

produced by the water controls.



LIOURE A22l

Froduction of c-amylese by hande-peeled bariey alourone
tiveue, Variety: Hexed Eashingion Trail. Inevbation
medium: water or a (100 up/mi}. Tomparature: 3@"8..
Time: &4 hours. itesulia:r percent IXKI - atarch absorbance

at zcro time piotted ageiagt time of ssmpling during sssay.

A O V water sonirels;

X 0 t GA Sroatments.
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Produation of a~smylage by hasdensclied barisy slieurone tissue,
Yariety: YFeked Blanco Mariout, Inoubation medium: water
e & (100 wp/ml). Temperature: 3&?‘3"‘!:L Time: 24 hours.
Results: pergent IXI - starch sbsorbance st gers time

plotted sgpminst time of sampling during assey.

A O, 7 weter conirols;

« o .+ GA treatments,
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A3. iProtein zegreiion

The protein szeoreied hy wheat #ill brean or barley
sleurcne tissue sfier incubgiion Tor verious Limes with
GhA or water was neasured by the mesthod of Lowry gt 2l.

{195%) using Bovine Zerum Albumin az s standerd.

whest mill bren waa incubeted se dessribed in
section %.14. Rarley sleurone was incobated ss descoribed
abova for c-sanylase determinations. Trhe resulte are

shown in Yeble A3-1,

TABLE A3=1

Segretion of protein by wheat mill bran anéd berley aleurone
tissue. Verieties: whest, Wollongonpg; bLarley, Naked
seshington Teail end Ysked Blanco Mariout. Incubation
medium: water or GA (100 up/ml}., Tempersture: 30°%,
Frotein: ug protein nitrogen.

o4 G 728 b 215 189  2uL4k
L3 572 828 403  LO4 as 477



Al o

There was little coneistency in the effect of 04
an the proteins secreted by the wheat mill bran. However,
berley sleuronsz tissue slwsys seoreted more protein in the

pressnce of 54 than in ite sbsence,

Lisotrophoresis was carried out An horizontal
starch gelis ssoording o the metnod of Gmithies (4955).
Ths sterch {{yérolysed Zterch i'rom Connsught Laboratories,
Toronto, ras asie up at a concentration of 1% 1in Tpis-
gitrate buffer (0,076 ®H, pH 3.0) containing 5 mM EDTa,
The moving phase was sciigm borsate buifer {(0.3%), pE 2.0,
Fpotein solutione were sppiled 1o the gels by sbsorbing
aiiguots onio pieces of {iliter paper onéd then inserting
thess into slots previocusly =ade in the gels, If the
solution wee dilute, more tha: one picce of filter psper
gonls be used %o mpply & lurger volume of protein salufion,
The bormis Buffer wss plaged in slectrode vessels 8f saoh
end of the gel ond gonnected %o ihe gel by means of
fhastman 7o, 1 filter paper wieka, i gonstant current
of 35 mu wae applisé for %two %o Shree hours sntil the
#oving Tront reaghed & predeterminsed end paint, The
gel #83 cooled before zopplication of the sampls ang,
during eleatrophoresiu, wae placed in & refrigerator at

sbout 57°C with a container of i¢e resting on tep of 1t.



At the end of & run the gel was esliced in half
&n deueribed by Smithies (1955) end stelinel for protein
and peroxidase. Amylose wan located by observing
hydrolysis of the stersh gel in situ.

Gemples of whest mill bran or barleyr slsurone
Sissue were incubeted with Ga (100 .g/ml) or water Tfor
24 or UE hours as described for s-smylzse determinations.
ambient solutions were concentrated to amall volomes by
{8) freeze ¢rying snd resuspendins in o small volume, or
{b} by 4ielysis apainst earhowax 20¢ {polyethylene glyecl,
Wl ?&x*&é). Tisaues vere ground with sand and 4ry i0s
with » mortar snd pestle and extraoted with Tris-cisrate
buffer, pE 8.5 (0.076%). The resvits are shown in
Figures iliet, «2, =3 and <4,

Figures ii~1 and =2 are representaiive of severnl
attempis %0 separste protaine and enzymes of the mmbient
solutions of wheat mill bran by zleetrophoresis. The
only econsistent effeet of GA was what sppeered %o be
elther s reduced smount or & lowered mobility of f-emylase,
The peroxldase selivity wes lower in the Gi-treated
seople but this effest of 0A was verisble from one
experimeat to snother. Extracte of tience were gimilar
and yielded very few protein bands other than peamylase.
This geamylass is probably s contaminsnt from sub-

eleurone tissuve.



dtarah gel electrophoresis of ambiest solutions
from wheat mill Bren, Veriely: ¥ollongong,
Ineubstion medium: water or GA (100 ug/mi).
Temperature: 30%C., Time: 2h hourn. Left:
stained for peroxidese sctivity with hyirogen
peroxidée and pyrogellol; left-hand sample:
water genirel, righi-hand sssple, Di-trsatmens.
Aight: stained with smido black; Ileft-hend
sample:r G4 treatmens, right hond sample: water

control.
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FPIGURE Alje

stares gel eleotrsphoresis of ambient solutions
from vheat m»ill bren. TVeristy: %#Hollengong.
Iucubation medium: water or GA (100 pa/Bl).
Temperature: 30°C, Time: U8 hours. Lef§:
stained for peroxidesse; from ieft to righi:
water control, a4 treatmeni, water control,

G4 trestment., Kighd: stained with emido
black; from left to right: CA trestment,

water sontrol, GA trestmeat, wster control.






AD .

Plpures Ab=3 snd -4 sumwarine the effects of
i on prodeins of both smbient solutions and extrsctis

of harlev aleurone tizsue,

Ambient solotiona

At 24 hours there was only one Tast-moving
protein pean? in the mbient sclutions from the water
control tissue. Onm Lhs oiher hand, there were st lsast
thires proteim bande inp the szbieni solutions from Ga-
treated tissue; two of these were swylases and ran very

close to the origin toward the nnede.

4%t LS nours ithore were several proiein bands in
arhisat solutions from hoth sontrol and trested tissse.
These bands were the se®ms in soth samples exeept for iwo
reiatively fast moving ones which wars missing from the
fNA-treated samples. There =ere three aress of peroxiisse
setivity in both sanmples: two with the sase mobility,
apd one with differsnt mobility.

Exiraets of unireated iissue contained four feast-
moeing and two slow-moviag protein bands. These lsiier
two bsnds exhibited snmylese motivity. Eziractis of water
control tissue were slmost icentical with thoee of the

gntreated tissue sxgept that the faster moving of the %wo



URE Alje

Gtareh gel eleetraphoreais of sabient solulions
end oxtrscts from handepesled barley sleurone
tissue. Verieiy: Naked Blsnco ¥ariout.
Incubstion medium: water or A (100 ug/=l},
Tempersture: 3000. Tizer 24 hours. Siain:
anido blaek or hydrogen peroxide snd pyrogallel.
20lid black bands represent either cmido hlaek
ataining bende or peroxidsse bands; cross-
hatehed bonds represent sreaz of the starch-

gel which have been depraisd by anylsse sativity.



INCUBATION 24 HOURS

SAMPLE Ambient Extract Extract
STAIN Amido Black Amido Black Peroxidase

TREATMENT | H20 | GA |NONE HzO GA | NONE Hzo GA

R ER

ORIGIN - o o

-9y



Stareh gel eleeiruophoresis »f ambieat solutions
and extracis from hand-peslied bsrley sieurone
tissuve, Variety: Naked Blaneco ¥arious,
Inoubation medium: water or CA (100 wp/ml).
Temperatvres 5693. Time: LB hourws. 2%ain:
amido black or hydrogen peroxide and pyrogalloel.
Golild black bands represent elther smido blaek
staining bands or peroxidase hsnds; orosse
hatened bands represent areas of the starche

gel which have been degreded by amylass aotiviiy.



SAMPLE
STAIN
TREATMENT

ORIGIN

INCUBATION 48 HOURS

Armbient Solutions Extracts
Amido Black | Peroxidase Amido Black Peroxidase
Ho0 | GA | Hp0 | GA NONE | H20 | GA [NONE | H20 | GA
= -
iy _ 2L i “
L S d

a-9v



axylese bende waz mssing &t 48 hovrs., Extrasots of Oi-
treated tissue lached the four fasiti-moving and coniained
only thrze slow-moving bands, iwo of which were amylassgss,

at ootk 24 end LE hours.

The untreated iissus contained one peroxidaes
band at 24 hours ond two at 4T hours. The waler conirols
contained thess same hands with sn additional one of
intermediste mobility ia the L& hour experiment. The
Ga-treated Limeue €12 anot contain any peroxijsse setivity

at either 24 or 4& hours.

Ad. LDiscugsion

GA affected meny proteins both in ambient
zolotione &né in exiraets of bariey sleurone tissnc.
1% hed virtually no offect on the proieins of whead mill
brarn. It seems likely thet the wheat mill hran was too

seyerely damaged o responé to ike hormono,

Brigge (1968) sbeerved that damaging the sleurone
iayure of berliey hali-geed by ﬁriiling small holes or
burnicg smell areas resuited in s omch greater reduction
in the gmopat of Ga-induoed s~amylese thsn sould bde
azooounted Yar by the nusber of ¢ells durmaged. A
goncluded thet the aleurone laysr Tunctions zs 8 single

unit, Althnoagh thie sonciusion may not be wslid, 1%



Al g

soed sppear that even slight damage to the barley
aleurone Lissue reduces its reaponse to G4, The same

seeme to be trus Tor the vheat zleurone layer.,



bovine serum slbumin

dry weight

sthylens diamine tetrmcetic acid
spdoplasmic reticulum
fresh welght

gibherellic acid

iodine poiessium iodide
nolar

molesnlar welight

Fakzed Blaugs Sarlout

dsked washington Trail
opiical dsneity
risonuclieic said
messenger ribonucleie seld
ribosomal rizonuelsie seld
iransfer ribonuciels scld
ribonunciesse

sulphydryl

trichloroesetio acid

AT
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