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ABSTRACT

..Duriné the atudy of two near—isogenic 11nea‘of.whegt .
(Triticﬁm aestivum, ver. "Tripie Dirk") it wés fouad -
that endosperm a-amylase levels increased significantly
- more quickly in the apring line, TD(D}-(Triple Dirk npw)
then in the winter line, ®D(C) (Triple Dirk "gn), - T
during imbibition of the Beeds at 25° C ~However, after
imbibition of the seeds for six weeks at 29 C., no i
signifidgnt‘difference could be.defeoted bétweén the Co ;
ratee'of qramylase production by the t#o lines at \
25°% ¢ rAgarose gel electrophoresis in phosphate buffer
‘ (pH 7/3, g 0 02) resulted in the separation of seven

e Weasbwha #e

badﬁes of a-amylase activity. No differences could be
de%ected between the &~amylése cpecies found in the'

eQdosperm portions of the spring line and those found ';////,
in the portions of the winter line,

Gibberellin—glycosides were extracted. in methanol
from the dry seeds of & wheat (T. aestivum, vaﬁ. l
-"Marquis") and dissolved. in phosphate buffer (pH §).
The aqueous phése wes vashed with petroleum ether,
acidified'(pﬂ 3) an&'any free gibb?rellins were re-
moved with ethyl acetate The glycosides were part-

: 1tioéed into 1-butanol and resolved by thin layer T
chromatoé}aphylinto fivé spots. 140-1abe11ed'gibberg- .
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llin—glycosidea wefe ‘prepared. by 1ncubati+g embryo

' aggj?ndoaperm preparationa ot TD(D) for 24 houra with

" exogenous gibberellic acid (GA3) and UDP—glucose—r
(U- 14C), and extracting eac? preparation as above.

These glycosyl-conjugates were shown to be detoxi-

-

fied forms of the hormone, since acid hydrolysis- was

found to increase the levéls of gibberellin-like
aCtivify in the endospefmmhalf'hio—aasay. However,
'endosperm—halves of TD(C) end TD(D) showed no changes

—6;

in «-amylage production in response to 107 M, GA3

when‘exogénoue ﬁDP¥glucos§ wag included.ih the bio-
agsay médium, even to & concentration of 10'2M UDP-
‘ glucose. Thus, the differences in u—amylase produc-“
tion in the spring‘and -winter lines of Triple Dirk
jﬁuring thelir imbib?tion_at 25% C, can be explained
neither by différences in their respénse to the hor-
mone, nor by & higher rate of~§etﬁxificgtion of the
,hormone.by glucosyltrahaferéaes in the wintqf-line,

™(c), at 25° C
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chez 1la variété hivernale,‘Triple'Dirk "C"(TD(C)),

Pendant. 1'étude de deux variétés *presqua-iso-

géniqueéﬁ.dé b18 (Triticum aestivum, cult. "Triple

_ Dirk"}, nous avons trouvés que les niveaux d'«~-amylase

en 1'endoaperme augmentaient plus rapidement chez la

variété printaniére, Triple Dirk "D" (Tp(D)), que

durant 1'imbibition des graines 8 25° ¢, Mais apres.

l'imbibition des graines pour six semaines a 2° ¢,

‘aucune difference a été remarqué en pxoduction d'u-

.amylase & 25° C. entre les deux. L' élpctrophorese en

gel d'agarb&e en tampon phosphatique (pH 7.3, ﬁ 0.02)
a resolu sept band\F d'activite d'u-amylase. Les deux
variétes montrirent 1e m€me type de bandes.

Des glucosides de. gibberellines ont été extraits

en méthanol des graines seches d'un 14 (T. aestivum, -
'cﬁlt "Marquis“) et dissolus en tampon phOSphatique
"(pH 8). La phase aqueux a éte lavee avec de 1'éther (;:\ﬁ

$ -
de pétrole, et acidiriée 2 pH 3, Des gibberellines g

libres 8 6té enlevées: en acetate éthylique et les \\
glueosides a eté déplaces en l—butanol et resoluu en

cinq taches par la chromatographie en. couche-mince..

Des glucosides radio-actifs (140) de gibberellines

'qnt été faits par l'incubation des preparationa de

-



(v)
' germea et d'endospermea de TD(DY aveo de l'acide’ .
7gibbére111que (GA,)\ et de 1'UDP-gluooae (v-14c) pendant
_.24 heures, Les glucosides a 6te extraits comme ci-
'desaua. PR '

Cea'glucopiﬁes 6taiant‘dea formes détoxif@éee des
_hdrmoﬁea, & cause de l'augmentatidn dé’leur acfivitéai
'gibbérelliques aprés 1'hydrolyse acidique. Mais, les
demi-andoapermes de TD(C) et de TD(D), couvée avec
. 10"6M. GA3, se montraient’ aucune diminution en pro-

- duction dﬂx-amylase avec 1'UDP~glucoee ajoute, ni a
un niveau de 10‘2n. UDP-glucose, Donc, on ne peut pas
expliquer les différences en production d'u-amylase _
chez les deux va:fgtqs_du:ant 1*imbibition & 25° C,
‘ni & céuse‘d'un aiftérence inoée eﬁf;eur'rﬁéc@ion aux
hofmpnes, ni & cause'd'ﬁn détoxificgtion des;hofﬁqnes ’
unique 3 1e variétd hivernales |
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Introduction




1.1 Vernalization E

Qe;naliiation (ﬁaépvisaﬁién)ié a term coined by T.D.

Lysenkeo in 1931 toadesﬁribe the.acceleration of the’ )
flowering of winterzqeréals'witﬂ a périod of iow témp-

_eratdre tfeatment (o?c. to lOOC,) of thé.égrminéting

seéd or of the veget;?ive plant (Piéaré, 1968i. Spring.‘ B
ce;eéls have no cold %équirément and, under long-day’
conditi§n§ (le-18 hr;;gf illumination pér day), will

flqwer at approximateiy tﬁé 7-leaf stage of development.

Winte; cereals have vérying'cpld requirements depending

upon the. variety usedgand the growth stage at which
:vernalization is bégub. it is the usual practice toi

apply the treaﬁment E% the germinating seed.- Fully‘
ve:nalized'wihtef ceﬁeals-deveﬁop as éo the spring ' i
varieties, floral ini&iationoccurriﬁg at the 7—ieaf_

stage ﬁnder lohg day %opditions. Under shbrt—day
conditions (18 hr. or%less of illumination per day),

‘ : ' P, , ) -
initiation in spring and in vernalized winter forms

of "Petkus" rye did.nbt occur until the l2-lepf stage.
Y [ - .

.In the;same study, un?ernalized "Petkus" winter ryé
déveloped.to.the 24-12af stage before floral initiation
underleither short—da} or long-day conditiéns (Gott,
Gregory.and-Purvis,_IBSS). Purvis and others have
‘studied.the.effects'bf various temperatures on the

n

vernalization process. They have found that vernalization
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occurs.bétweeh o%c. and ldoc.,'with an optimumrragée

of Oop. to 766., and.that,deVernalizatign o&curg at
gemperaturés above lSdé. The ﬁeutral range 'etween |
lbOCt and lSOC.Ais without effect, ho@eﬁe; Xposure e
these temperatures serves to stablllse the plant agélnst
devernallzat16; by subsequent exposure to higher temp-
eratures. The plant also becomes less susceptible

to devernallzatlon as vernallzatlon proceeds (Frlend and
Purvis, 1963; Trlone and Metzger 1970).

The low—te@perature phySfbiogy of cereals has been
widely sﬁudied. It has been well established that
vernallzatlon is strlctly an aerobic process (Purv1s
196l; Picard, 1968 Challakhyan 1968) Ccld hardenlng
" (the increase in frost tolexance) of ce{eals exposed
to ;ow temperatures results-ln an 1ncrease'1n,total-
cafbohydrates with a decrease inAfeducing sugar. 1In
genéral, f;ost tolerance seems to be correlated to
levels of bligosacchariaes, in particular sucrose,
which seéems to<hayé a cﬁyoprotective funétion in thé
:plant(Kneen and Blish, 1941; Rybakova, 1963; Levitt, 1966;
Paulsen, 1968; Greén? 1972). ;

Pﬁrvis h;é shown that vernglization of excised
winter rye embryos coulé not také piace unless they
g '

were given an.exogénous source of carbohydrates and that

better response and growth occurred in the presence of
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O
sucrose than in'the presencqxof‘ény of the oﬁher sugars
testqu(Purvis, 1961} . 'Using'ééri;g varieties as a_low;
tempera;ﬁre cbntrol; it Hés'begn established that the
rhcreasés in totél'carbohydrétes are significantiy
higher in vernalization Fﬁan in cbld-hardéning (Devay,
1962; Trione, 1966). Several Qbrkers haﬁ&ﬂgtudiedlevels
of free amino acids dﬁiiﬁg coi§~hardenfﬁéﬁéﬁé aégzﬁg :
vernalization, and have estéblished that glutamate, -
asparﬁate and their amides as Qeil as serine and pro-
-line are particularily aéfected by vernalization (Trione,
Young and Yamamoto, 1967; Ste. Marie.and Weinberger, 1970;
Jones -and Weinbergef, l970;_Srivastavé and Fowden, . 1972).
‘In 1953;-Purvis and Grggory succeeded in hasteniné

the flowering of uﬁvefnalized winter rye,embry§atusingg

‘g chloroform eﬁtréct'of vernalized embryos (Eurvis_and
Gregory, 1953). This Stihglated much work concerning

the hormoﬁal intérrelationships during vernalization,
particularily gibbefellins, since these have been showﬁ

to be able to induce floweriﬂg in a number of systems ¥
(Paleg and Wést, 1972}., This,howgéer, is not the case .
for cereals (Pﬁrvis, 1960). Nevertheless, several wofkers
have shown that levels qf endogenous gibberelliné are
increased in gereals'after vernalization (Suge and QOsada,

1966; Chailkhfan, 1968) and that the two are very closely .
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linked in £ ﬂction (Suge énd Osada, 1966:; ﬁolduq, Chgrr&
land-Blair; 1976i. Recentiy; Tomita has succeeded in
isoiating anlactivé principie from aqueous extracts
of‘vernalized winter wheat or winter radish, which is
not found in non-vernalized plants and‘ﬁhich'is capébie
of hastening'the f10wefing of uhvernalized winter whe;t
plants (Tomita, 1963: Tomita,.1964). This principle
appéars to be ideAtical with 3'-uridylié acid (Tomita;
1968; Tomita, ;973). Mgch basic work‘remains to be done
. concerning the vernalization pr0cesé, and éhe closest
we may be to a mqlecular‘explanatioqrmqy}ha in Témita‘s
stud;e;: However, Trione and Metzgér; usigg mixed

isomers of uridylic acid, have beén unable to reproduce

Tomita's work (Tribné and Metzger,¥1971).
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1.2 Gibberellins

Since the description by SaWaaa in 1912 of the'stimuia#ion_
of the growth of Oryza which had "Bakanag" disease‘reéulting
from its infectiog withlthe fungus, Fusarium mopiliforme
(sheldon) dibberellé fugikuroi (Saw.) ﬁr. , studies on
gibberellins have been carried out, in many laboratories.
The work of‘KﬁrOSawa, Yabuta and Hayashi culminated_in
the isolation ffom the fuhgus of a relatively pure,
non;crystaliné substance by.Yaﬁuta, in 1935, which he
called "Gibberellin": This was resolved iﬁto two‘
. éfystalline components by‘Yabuté and Sumiki in 1938,
N
gibberellins A and B. The first studies of gibberellins
outside of Japan 5egaﬁ in 1956 in the Unitedsgatesand
in Britadn, and, by 1960, the structures of eight i i
\grbberellmns were kpoWny five of. whhch had..been shown
to have blologlcal act1v1ty (Stowe et al, -1959; Phinney

and West, 1960). In 1965, Paleg described 13 naturally

occuring gibberellins and stated that gibberellin~like

substances have been found inléerealrgrains and in some:
highe¥ plants (Paieg; 1965), and Paleg and West have
described 24 (Paleg and West, 1972). MacMillan'describés
“gibbegellins 1 through 29 as of April.lé?O, and states
;tﬁat gibberellins and gibbérellin-like substances have

been found in over 100 dicots, over 30 monocots, and in
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several éonifets (MacMillanf l97l;1'.Iﬁ-197l, MacMillan‘
described gibberellins 30 through 36 dﬂpéﬁillan, 1972).
It‘isheqsily seen that the field'of’g;ﬁberellih

ghemistry is advancing:very rapidly at present, however
the study of the physiological roles of gibbe:éllins

is a sldw brécess. Gibberellin action hés beeﬁ implicated
in various.aépects of reproductive growth, in the'delay
of leaf scenescence, in tﬁe breaking of seed and bud
dormancy, in the feinfordgment of apical_dqmingnce, in
thé pfomotion of stem elongaéion th?oUghtbofh'increaéed
cell division and cell elongation, and;in the prqmotion.
of root gréwth; Roots havé-aisﬁ_been‘implicated as a
majdf site of gibberellin synthesis in the mature plant?
(Paleg and West, 1972). However, the'appliqation of
exogenbus'gibberellins to many plants rSfPlts in.inbreases
in endogenous auxin ievels of up té two orders of magni-
tude (Paleg, 1965) and many of the above effects maght

be eXpla%ned on this basis.

Gibberellic acid (GA3) has béen fqund to replace
the light requirement in the germination of Grand Rapids
lettuce,rand,‘while the synthes£§\gf RNA is necessar
to ghis response,.DNA synth?sié is ﬁ;; (Khan{ 1967);
Johrijand Varner found that -there Qas an enhancement
of RNA synthesis,bassayed'in vitro, in nuclei which had

been isolated in the presence of GA, from the shoot of

13.

L



acid phbéphatases-(Jones;‘1969),-proteé%es, endo—fS—

=15«
5

“a dwarf variety of pea, ahd‘thaf‘the RNA thus synthe-

sized had a differeht nearéstnneighbour frequency than

that from nuclei isoclated without GA -They found,

-
howevér, thatjﬁNA synthesis was not enhanced if GA3

were added only after the isolation of the nuclei,

which seems to implicate a éytOplasmic component, poss-

ibly a gibberellin receptor, necessary to this system

(Johri and Vérnér} 1968) . The application of GA, to

isoléted barley aleurone layers has been shown to result

in increases in levels of.endogeﬁous 3!,5"'-cyclic~-AMP

(Poliard, 1970),7and it:has been dempnstrétéd tha£ GA3

can enhance, and abscisitc acid can inhibit, the trans-

lation of preue;isting mRNA in the early gerﬁination of
.

wheat embryos, before RNA synthesis occurs (Chen and

Osborne, 1970)._ In the cereal aleurcne, which is the

- best studied of the gibberellin-dependent systems,

the application of GA3

induces the secgék{?n of several
) P

hydrolytic enzymes, including «-amylases (Varner, 1964), .

glucaﬁaseé, pentesanases, and ribonucleases (Yormo and
Iinuma, 1964 ). De novo synthesis has been demonstrated
in the case of «-amylase and enzyme release has been

correlated with polyribosome formation in barley aleurone

layers. Abscisic acid, which inhi?}ts this enzyme’
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release, inhibits'pelyribosome formation (Varner ang
Johri, 1968; Evins and Varner,-1972)."

Radley has shown that barleyscuéella secrate
~GAl during.the fifst 48 hours of germin?tion, and that
this secretioﬁ,'sinée it is not stimulaﬁéd by exogenous .\“
mevaionate; is of a stored form. After three days,
GAj‘synthesized in the embryonic\axis becomes éhé pre-
dominant form. Both secretions were inhibited by cce
‘ “ﬁ-chloroethyltrimethylammoﬁium chlorfdg)(Radiey,
11967) whichrinﬁibits the final cyclization of copalyl'
'pyrothSPhate to ent;kaurene (Shechter and West, 1969).

Thus, the initial secretion of GA is probably due to

1
its synthesis from a stored precursor, sﬁph as copalyl
pyrophospﬁate. Cohen and faleg have suggestéd that the
initial secretion of QAB (?) by germinating barley
embryos is due to éhe release of “bound" gibberellins,

hoWevgr their results support those of Radley (Cohen

and Paleg, 1967).
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1.3 Triple Dirk

In the past, reseerch into the wvernalization ppéné-"
menon, as well as respensés ef plants to othef ee-
vironmental influences such as water stress, photo-
‘period, .etc, has|been'oriented either toward basic
physiologieal studies, or tpwérd.applied geeetic
studies. The bh&siologist ﬁas-accepted the Jspring~.
winter" clessification of cereals with little or no'
understand%ng of the genefic backgfeunds.of ﬁis,study
maﬁerials;.and tﬂe plant breeder has been hempered
through a lack of;understandiné of the physiqlogical.
reasons for a plant's xeéponse to low temperature. Df.
Pugsley envisages a cler;ficaeion of thisgproblem
-through a cenordinated genetic and, physiolegical re—
'tsearcﬁ.Program (Pugsley, 1968), and has developed the
ngriple Dlrk cultivars to this end, He classifies these B
-strains as "near-isogenic” meaning that they are_rigii}y
defined as fo "yrn® geﬁgtype and tﬁat every precaution
lAhas been taken to maintain a minimum variability in
their genetic background.
Dirk wheat, developed by E.&. Breakwell from the
crosé Ford X Dundee in the l§30's, was selected in the

.
early 1940's as a recurrent parent in an extensive back-

crossing pfogram, due to its outstanding yield and quality

t -

?
=
L
-
-
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charactefistics,;in order to add resistance to several
majdf wheatdiseaselx The result of this program was
the developmént, in 1958-59, of a crossbred with the

7/

three Kenya stem rust resistance genes Sr Sr.. and

61 9b
SrIlf des;gnated PTrip;g Dirk" (Pugsley{'1970).

' Tribie dirk is a daylength insensitive whéét and
thereby better suited to Australian conditions than
m&st northern vérieties,‘which are very sensitive to
shortfays. -Howeﬁer, it is of full spring habit and
 ext;edély-sen;itive to stem frosting, fhus, iﬁ 1959,
a backcressing program was begun with the cross Triple
. Dir£ X Win?gr Minflor to isolate strains.with re-
sistanQE‘to stem frodting as well as some flexibility
as to sowing time. The dogor Triple Dirk was found.to
have two dominant genes inhibiting the expression of
Qintgr ba?it (?rﬁl, Vrnz); and thrge lines were seg-

regated. Triple Dirk (C) possessed the reeessive

vrn.,) and was of full

alleles: af both genes_(vrnl, 5

‘ Qintér habit. Triple Dirk (B} was responsive to
vernalization and Triplg Dirk (D) was not, each possessirg
a single dominant allele (Pugsley, 1965,.l970, 1971).

' A third locus (VinB) has‘beeg identified and placed in

a'friplé Dirk béckground.(Pugsley, 1972). Studies

carried on in our own laboratory by N. de Silva have

\

T
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confirmed thét'Triple Dirk (C) has a full vernalization -

requiremeht (E weeks at 2°c.) while Triple Dirk (D) is

not responsive to. vernalization (de Silva, 1974).

Cultivar | ‘Géhotﬁpe - Response to
: g vernalization,
friplé'Dirk-_ vrn,, Vrn,, vrn, nil
Tfiple Dirk fB)- vrn,, Vrn,, vrnj positive
Triple Dirk (C) vIn,, VIn,, vrn, i pqéitiﬁe
Triple Dirk (D) Vrnlf vrnz;'vrh3 ‘ .nil
Tripl?‘Dirk (Ej vrnl,‘vrﬁz, anﬁ : positive.

The objective of the work presented herein was
to sﬁﬁdy the aleurcne respoﬂse of f;iple Dirk (C)
and Trip;e Dirk'(Dﬂ in an e#amination of work pre-
viouslﬁ.dkﬁmﬁ on gibberellin‘igvels in winter wheat
(Suge and Osadé, 1966} Chailakhyan, 1968) and to
extend thesé studies in lighf of what is now known
:

concerning aleurone physiology and gibberellin bio-

chfmistry {cf. sec. 1.2). : ’

A
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2.) Grain
Two near-isoggniq lines of wheat (Triticum aestivum,'
var. JT;iple Dirk")';ere ﬁsed in'tﬁe preseanStudy: a f
. épriné line (TD(D)) . and a winter 1iné (TD(C)). These
were_graéiousiy supplied by Df.IA.T. Pugsley of tﬁe

. New South Wales Department of Agriculture.

2.2 Chemicals
All chemicals were used as-supplied.
CHEMICAL . SUPPLIER

Bovine serum albumin Sigma

Amylose . Sigma
Maltose hydrate ' Sigma
R . ' , ~.
UDP-glucose’ ‘ Sigma - €
. Neocuproine HC1 : Sigma
9 : .
~ Sodium. borohydride Sigma
' Chloramphenicol | Empire Laboratories
3,5-dinitrosalicylic
acid Eastman
‘Gibberellic acid (GA3) Eastmanx
Indubdose A-45 I.B. France
"2 N. Folin-Ciocalteau
phenol reagent Fisher Scientific Co.

UDnglucose—(U—l4C) New England Nuclear
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2.3.1 Method of lowry et al::

N

2.3.1.1

:Reagent A: 2% sodium carbonate in 0.1 N.

2.3.1.2

sodium hydroxide.
Reagent B: 0.5% cupric sulfate pentahydrate
in 1% sodium potassium tartarate.

Reagent C: 1 ml. of reagent A in 50 ml. of

reagent B prepared fresh.

Reagent D: 1.0 N, Foiin:Ciocalteaﬁ phenol
reagené.

To 1.0 ml. of a protein sampie were added
5.0 ml. of reagent C. After 16 min. at

room temperature, 0.5 ml. of reagent D

was added and the reaction was allowed

to proceed for 30 min. at room temperature.

A standard curve wag prepared over the

range between 0 and 200 pg. of bovine
serum albumin and treated simultaneously,
as above. AbsorbaﬁceS'were read at

550 nm. (Lowry et al, 1951).

2.3.2 Method of Hartree:

2.3.2.1 Reagent A: 2 g. of 5S5odium potassiuﬁ tart-

arate and 100 g. of sodium carbonate were

dissolved in 500 ml. of 1 N. sodium hyd-
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rqxide, then diluted to l'liter Qith

water.

Reagent B: 2 g. of sddium potassium'taf-

tarate and 1 g. of pfic sulfate penta-

hydrate were dissolved in 90 ml. of waﬁer
and 10 ml. of 1 N..sodium hydroxide were

added.- .

Reagent C: 1 volume of 2 N. Folin-Ciocal-

teau phenol reagent was diluted with 15

volumes. of water immediately before use.

0.9 ml. of reagent A was added to 1.0 ml.’

of a protein sample. After the tubes
were heated for 10 min. at 50°C., then

cooled, 0.1 ml. of reagent B‘was added

“and the reaction was allowed to proceed

at ZSOC. for at least 15 min. 3.0 ml. of

- Feagent ¢ were then forcibly added with

a syringe apd, after 10 mimg at SQQC.,'the
mixture was cooled and its optical density
determined at 650 nm. A standard curve
was prebared'using bovine serum‘albumin
over the range between 0 and 100 pg. and

identically treated (Hartree, 1972).

il
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2.4 Methods of reducing sugar determination

2.4.1 Modified dinitrosalizylate method:

-

2.4.1.1 Dinitrosalicylate reagent: 5.0 g. of

3,5-dinitrosalicylic acid were dissolved,

with warming, in 100 . ml. of 2 N. sodium

hydroxide. 150 g. of sodium potassium

.tartarafe were dissolved, with warming,

in 250 ml. of water. These two solutions

were mixed, made up to 500 ml. with
water, ana gravi£y~filtered through
' Whatman.#l filter papér.
2.4.1.2 2.0 ﬁl; of dinitrosalicylate reagent_‘
énd 0.1 ml. of 5.0 mM. ma;tose were
éddea to 2.0 ml. of sample. The same
additions were made to a standard curve
‘prepafea wiﬁh maltose over the range'of
.0 to. 2.0 pﬁolgs. The tubes were heated.
in a.Qater bath ap'BSOC. for 30 min?,

. , . o
then cooled and diluted with 2.0 ml. of

water. Absorbances were determined at
540 nm. (Bernfeld, 1955).

2.4.2 Alkaline copper method (Dygert method) :

2.4.2.1 Reagent A: 40 g. of anhydrous sodium

carbonate (dibasic) and 16'9. of glycine
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solution was made up to 1 liter.

f——ffzs- o
; L

were dissolved in 600 l. of water.

450 mg. of cupric sulfate, dissolved in

.a minimum of water, were added and the

Reagent B: 120 mg. of neocuproine hydro-

chloride were dissolved in 100 mi._of
water and stored in a brown bottle.
Solution:was discarded if a brown dis— -
coloration developed.

5.0 ml. of réagent A and 5.0 ml. of
reagent B were addeé to 2.0 ml. of sample.*

A standard curve over the range between

_ O aad 500 nmoles of maltose was 51m11-

Larily prepared. The tubes were heated

for 15 min. in a boiling wFfer bath, then .
)

cooled, and the gontents pere diluted to

25 ml. with water.‘ Absofbances were deter-

mined at 450 nm. (Dygert et.al, 1965).
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2.5 Methods of énzyme pfeba:ation'

2.5.1

Initiél'studies:tsingle seeds of comparable

initial air—dfy weiéht (40 + 10 mg.) were. each
placed in a 9 cm; petri dish lined with thrée
1éye£s of Whatman # 1 filter paper, ana imﬁibed

at 25°C. with 8.5 ml. of distilled water. After
varidus periods of imbibiﬁion (cf. “Reéults and
Discussion’ sec. 3.3) fresh weights wére determined,

and the seeds were de-embryonated. The endosperm

~ portions were each homogenized for 90 sec. in

- 2.0'ml. of cold (2°¢.) 1.0 mM..acetate buffer

(pH 4.8) (Varner, 1964) using a motor-driven

}

glass hohOgenizerf The homogenate was transferred

2.5.2

to a centrifuge tube using 3 x 2.0 ml. of additional

buffer, and mixed on a vortex mixer for 30 sec.

The suspension was centrifuged at 3 x 104.9. for
20 min. at'ZOC. and the supernatant was quanti-

volumetric

!

tatively transferpdd: toc.a. 25.0 ml.
flask and made up to volume using additional
buffer.

Studies with intact seeds: 5 seed lots d{approx-

imately 180 mg. per lot) were imbibied in the
dark at either 2°C. or 25°C. as the experiment

required (cf. "Results and Discussion", sec 3.5) ~
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in 50 ml. screw-top erlenmeyer flasks containing

‘5.0 ml. of 20mM. succinate buffer (pH 5.3) saturated

with calcium sulfate. After their required'period

of incubation, the seeds were de-embryonated and

the endosperms were homogenized in their imbibition

medium then qentrifuged at 3 X 104 g. for 15 min..\
at. 2°¢. The pellets wgre,each resuspéhded in

5 x,3.5 ml. of 20 mM. succinate buffer (pH 5.3)
saturated with calcium sulfate, each time centri-
fuging as above. The combined supernatants were
médelup to 25.0 ml. with additional buffer.

Studies with endosperm halves: 5-seed lots were

weighed, steriliied for'20'min;-in 1% "Javex",

then imbibed in distilled ;ater. After 6 ﬁours the
séeds were split lqngitudinallyrand deeembryohated,
and the.endospérm halves were incubated for 3 days

-6 U X o _
a4 250CJ in 10 M. gibbkberellic acid (GA3) in

“ 20 mM. succinate buffer (pH'S.B) saturated with

calcium sulfate with several concentrations of
UDP-glucose. The incubation hedium had been
previously filter-sterilized through a 0.20 Pm.'
membrane. |

Following this incubation, the centents of

each flask were homqgenizéd anékﬁbntrifuged.
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The pellets were extracted with 5 x 3 ml. of

additional succinate buffer, centrifuging'eaéh
time. The combined supernatants were jmade up to
25.0 ml.

Purification of a-amylase:

2.5.4.1 Method of Schwimmer and Bails: 50 g. of
éry seeds of thé win£er.whea£, Triticu@r
aestivum (var. "Ridsau"), were imﬁibéd
N .
with 100 ml. of 20 mM. succiﬁafe buffer-'
. .(pH 5.3), saturatgd with calciﬁ$ sulﬁate,
| for 4 days at 30°C. on a shakg;, then
hémogenized for 1 min. using a Sor*ai
“Omnimixef"'at'tob speed. . The suspension
-was centrifuged at 5 x’lO3 g. for 30 min.
atlzbé., and the pellet was resuspended
in 2 x 100 ml. of additional buffer, each
time centrifuging‘aé ébové. The combined
superﬁatants‘were heatéﬁ, with continuous
gentle stirring, to 70°c. for 15 min.,
then cooléd and cengrifuged (5 x 103 g.
for 60 min. at 2°%c.).
The Supérnatant was adjusted to 0.5

saturation with solid ammonium sulfate

and to pﬁ 6.0 with 4% ammonzaom huydrpxide.
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The suspension was allowed to-stand,'ﬁ'
withloccasiqnal égitatidn, for 3 hours:.at
room temperature then centrifuged at

104 g.‘for 10 min. at ZOC. The pellet
was washéd with 30 ml. of 15 mM, caicium
chloride, 0.33.satura£ed.with am&oniu@
sulfaté (pH 6.0) then centrifuged as

above. AIl further operations were

performed between o%c. and 2%c.

The pellet was dissolved in 50 ml. of

cold 15-mM. calcium chioriée (pH 5.3)
and 50 ml. of cold 5% calc;um éhloride
in 80% ethanol wére added. After 30 miﬁ.
the mixture was centrifuged and the super-
Hnatant.wasvstirred magneticallf'with 5 g.
cf purified potato sfarch for 90 min.,

. then centrifﬁged._ The pellet was washed
with 2 x 10 ml. of 2.5% calcium chloride
in 40% éthanol, centrifuging each time.
The combined supérnatants wére stirred.
for 90 min. with an-additional 5 g. of

starch and centrifuged. The pellet was

wsshed with 10 ml. of 2.5% calcium chloride

in 40% ethanol, - and the enzyme was eluted

LIPIENA - o

v
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from tﬁercombined starch fractions with
sevéral sméll volumes'bf 20 mM. -succinate
buffer (pH 5.3) saturated'with'calcium-
sulfate (Schwimmer and Balls, 1949).

Method of Greenwood and MacGregor:

60 g. of dry seeds of the spring wheat,
Triticum aestivum' {var. "Marquis"), were
imbibed with 100 ml. of 20 mM. succinéte

buffer (pH 5.3), saturated with calcium

sulfate, at 25°C. for 4 days on a shaker,’

then homogenized for 1' min. using a Sorvall

MOmnimixer" at top speed. The suspension

was centrifuged at 5 x lO3 g. for 10 min.
at 200., and the pellet was resuspended

in 2 x 50 .ml. of Buffer, each time centri-

fuging as above. The combined super-

natants were heated, with contirnmus gentle

stirring, to 70°%¢C. for 15 min., then cooled

and centrifuged at 8 x 103.9.-for 20 min.

at 2q6. Te the cold supernatant was added
freezer-cooled acetone (-20°C.) to 35%
(v/v}). The suspension was centrifuged at

8 x 10> g. for 20 min. at 2°C., and the

pellet discarded. AaAdditional freezer-
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k]

codled acetone was added to the super-—

]
! v

natant to 40% (v/v) and the suspensidn.
- " i ) q

was centrifuged at 8 x lO3 g. for 40 min.

at '2°c. The pellet was dissolved in 40
- . ml. of succinate buffer and centrifuged’
7 ) 4 . ‘ A 0 . .
at 3 x 10 g. for 10 min. at 2°C. The
supernatant was made up tQ'50.0,T1. (Green-
wood and MacGregor, 1965; Greenwood, Milne

‘and Ross, 1968; Greenwood and Milne, 1968,

a and b).

2.5ﬁ5Pﬁrifi¢aﬁion of B—amYlase: 60 g. of dry seeds of
spring wheat, £;iticﬁm aestivﬁm;(var. "Marquis"),
were homogenized in 75 ml. of Qater, using a -
Sorval."Omhimixer" at top speed fqQr 1 min., and
transferred'to-g'i liter erlenmeyer flask wi£h
an additiponal 225 ml. of waéer. Tﬁé mixture
was left'dvernight at 30°C. on a sﬁaker,;then
centrifuged at 5 x 103 g..for 30 min. at éOC.
The supernatant was adjuséed'to pH 3;7 with 5 N.
aéetic acid and left between 0°C. énd 29%¢. for
one week. The §H of:fhe mixture wa; adjusted to
5.3 with 4%.ammoniuﬁ hydroxide, and 2 volumes of

" saturated ammonium sulfate {pH 5.3) were added.

The mixture was centrifuged at 7 x 103 g. for
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30_min.:at 2OC.rand the pellet'was-diSPeréed in
'100 ml. of cold water. ‘After 5 hours between 0°C.
and 2°c., the éuspension was centrifuged and the .
subérnataht was diluted to 160 ml. and adjusted
“to pﬁ 5.5 with 4% ammonium hydroxide. 43 'ml. of
saturated ammonium sulfate (pH 5.5) were added
ov§f 26 min., and the suspension was centrifugéd
at 7 x 103‘9. for 10 min. at 2°C. 183 ml. of
saturated ammonium sulfate (pH 5.5) were added
tc the supernatant and'thé suspension.was centri-
fuged at 8 x 10° g. for 20 min. at 2°%c.
The peilet was dispersed in 21 ml. of Qgter
and left 6vefnight at 0%c. to 2°c. The solution
was then diluted to 45 ml. and adipsted to pH

5.3 with 5 N, acgtiir acid. 17 ml. of saturated

@mmonium sulfate (pH 5.3) were added over 20 min.

and_the suspension was centrifuged at 5 x lO3 g.-
for 20 ﬁiﬁ. at 2°c. 63 ml. of saturéted ammonium
sulfate (pH 5.3) were addedlto the supefnatant
" and the sugp#nsicon was centrifuged at 8 x 163 g.
for 10 min. ét 2°C.  The pel;et was dissoivéd in
a minimﬁm‘of 20 mM. succinate buffer (pH 5.3)
saturated with calcium sulfate and transferred.

)

to a dialysis sack. Dialysis was parried out,

t‘\
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with continuous gentle stirring,lagéinst 3 q;ily
chanhges of 1 liter of'tﬁe saﬁé‘buffer-at‘ZOC.
The‘retentate was centrifuéed at 2 x 10% g. for
30 min. at 2oC. and thé‘supérnatant was made up
to 50.0 ml. (Piguet and Fischer, 1952; Meyer,

Spahr and’ Fischex, 1953). <
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2.6.1 Preparation of Substrate:

2.6.i.l Preparation of 1.3% amylosé: 6.50 g. of

2.6

.2

amylose were dispersed in 500 ml. of 0.016

~

M. acetate buffer (pH 4.8) and the mixture

was constantly stirred with gentle heating
‘ , .

until the amylose had dissolved. The’

solution was cooled, and dispensed equally

among 15650 ml. scréw—top erlenmeyer

flasks, and autoclaved at 115°C. for 10 min.

Preparation of 1% reduced amylose:

Stock,solﬁtion: 2.50 g. of amylose were

dissolved in 40 ml. of w;ter with_gentle.
heating,'then cocled to 20Cf 75 mg. of
sodium borohydride in 5 ml. of.cold_(ZOC;)
water was added carefully with cohtinuous
stirring, then incubatéd at 25°c. for 1
hour. The mixture was made up to 50.0 ml.
and stored for 48 hours at ZOC. before
use.

Substrate solution: 10.0 ml. of the stock

solutionwere placed in a 50 ml. volumetric
flask, and excess sodium borohydride was

destroyed with 0.2 ml. of redistilled
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. : |
'acetone.'.For the determination'ofitotal
amylolytic ‘activities, the'suhatra#e was

' ;

made up to volume with 20 mM. succinate

buffer saturated with calcium sulf£te

L

(pH 5.3). For the determination of’
I ' :

of-amylase, 5.6 ml. of 5 x 10_5 M. mercuric
o = J
chloride in buffer were added, and!the

' substrate was made up to volume with addi-
tional buffer (Strumever, 1967).

2.6.2 Assay of amylolytic activities: One unit of amylolytic

activity is that amount of enzyme which will
hydrolyze oné nanomole of glycosidié bénds in
amylose in one minute under standard conditions,
the increase in reducing power being determined
4

against maltose.

2.6.2,.1 Initial studies: Individual flasks of 1.3%

aﬁylbse (cf. sec. 2.6.1;1) were equilibrated
at 25°c. 1.0 ml. aligquots of an enzyme
éreparation were eguilibrated for 5 min. in g
water bath at the same temperature, and the
reéctions'were started with thé addition

of 1.0 ml. 6f starch substrate. After

5.0 min., the reactions were-stpppeé with
the addition of é.o ml. of dinifrosélicylate
reégént, followed by 20 sec. of viggurous‘

' |
!

|
|
!



~were prepared by adding the dinitrosali--
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mixing on a vortex mixer. Enzyme blanks

cylate reagent béfore the starch substrate.

Reducing sugar was determined by the

modified dinitrosalicylate methiofk (sec.

!

- J
2.3.1.2).

Standard_method:Reacﬁions were started

2.6.2.3

with the addition of 25 pl. of enzyme

preparatlon to 2.0 ml. of the approprlate

1% reduced ahylose‘éubétratq previously
equiiibratéd at 2500{}.(cf. sec. 2.6;1.2)
and were stopped at theJrequired time (R0
min. for d—amyiase; 3 or 5 mih othérwise)
‘with iﬁe addition of‘Dygeft "A"—reagent:
‘Enzyme.blanké were prépared with the
addition bf "A"-~-reagent prior to the :
addition of enzyme. All assays(andA
blanks-wére detérmined in dyplicate.
Reducing sugar was determined by the

alkaline copper method (sec. 2.4.2.2).

Amyloclastlc method: This method was used

to check the pattern of the hydrolysis of

L)

amylose by the purified o«- and p—amylases

(cf. sec. 2.5.4 and 2.5.2). Enzyme was

LIrIIN L
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added to- tubes containiné 20 ﬁl. of 1%
reduced amyiose at 25°C. (éec. 2.6,1.2)
with the merc?rié'chloride omitted.

Réducing sugér was determined upon42.0

‘ml. aliquots, which were removed at 0,5,

10,20, and 30 min., by the method of

Dygert et al (sections 2.4.2.2 and 2.6.2.2).

1.0 ml. aliduoté withdrawn at the same
__times were added_to a 500 ml. flask con-
tainingl406'ml. of water, 5 mleSY 1 N.
sulfuric acid énd 1l ml. of 0.3% igdine in
3% potassium jodide. The mix£ureé were
hade up to volume, and absorbances were
'determiﬁed at 620 nm. against distilled

water (Smith and Roe, 1949).

Wiy

ARSIV Fe
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2.7 -Agrose gel électroPhoresis of amylase isozymes

2.7.1 Buffers: Phosphate buffer was prepared as a coh—_.

_ac.entrat_e by d:..s'sol-w.ng 4.14 g. of NaHZPO4 _HZQ

and i2.?8 g; éf K2HPO4 3H20 in distilled water -I.

to a final volume of 100 ml. A 1:100 dilution

of this gonéeﬁtrate gives. an ionic strength of

Bp = 0.02 gnd a pH of 7.3. |
__Sugcinate buffer for the substrate slides is the
1standafd éO mM. -succinate (pH 5.3) saturated-with

calcium sulfate used in previous work. -

2.7.2 Preparation of slides: Electrophoresis slides

were prepared by disscolving 0.5 g. of immuno-

R

electhphofesis grade agarose (I.B. France,

Indubiose A-45) in 100 ml. of phosphate buffer

LIrdrwi -

(pH 7.3, R o.¢2)-at 10060.. Standard 75 mm. x 25

mm. glass miéroécopefslides were spread with 2 ml.
P of this solution, forming'aidmn. thick agarose

layer, and were allowed to cool. The sliées were

stored in a élosed box at ZOCj for 24 hours

before use. Substrate slides were prepared in a
similar ﬁénner using 1% microbiologicél gfade-agar
with 0.5% soluble starch in succinate buffer, and
wefe stored at 2°C. untii.required. An'elect;o—

2

'phoresis chamber capable of holdfng 10 slides and

o
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‘with a buffer capacity of one liter was used

l(figure l[.

Electrophoresis: Immediately beforé the expt,.,

4

a 1 cm. square of Whatman #1 filter paper was

inserted in the electrophoresis gel at the

line of erigin and was allowed.tdAsoak up buf-

fer until éompletely moist; This reﬁoves %pprox—‘-
imately 10 pl. of buffer from the slide, which
is feplaced with a similar amount of sample )
injected into'the weii fhus forméd_usihg é 10 pl;
syringe. Slidés'thus prepared were placed in

the electrophoresis chamber, with their origins |

" towards the cathode, and connections with the

electrode compaftméntsﬁereachieved usihg'doubié

thicknesses of buffgr-soaked Whatman #1 filter

paper. Fresh phosphate buffér was used in the
éléctrode‘compartments'for each run.. A current

of 3 mA. per slide was obtaiﬁed from a Heath _'
model IP-17 regulated high-voltage power supply. T§

Electrophoresis was continued for 2 hours at

L3

4°c.

After the completion of the electrophor-
esis, the sample slides were placed face-down -

on substrate slides, and were thué incubated
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for_i hour ét_37°C. Both Eﬂe'saﬁple slides
andlthe'éubstrate.sliges were dipped in Iz:KI
and rinsed with distiiled water. A record‘was
maintained by pﬂotographiﬁg the siideé in red
Iighé, using a Wratten R2 filter, on Kodak

Panatomic X film, as the original clarity of

the bands- is rapidly lost upon dfying.

Lrprivs: o



Figure 1:
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Electrophoresis'chamber used for the

separation of bands of amylolytic

activity on agérose gel.

Standard 25 mm. X 75 mm. glass slide

coated with agarose gel.

" Filter paper wick.

Buffer.
Platinum electrode.

Condensation panel in top.

[l PR
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2.8 Gibbéréllin-glycosides'

. 2.8.1 Preparation:

i

2.8.1.1 Preparatibnrof un-labelled gibberellin-

~glycosides: ' 140 g. of dry grains of
the spring wheat, Triticum aestiVuh-(var.
' "Marquis"), were homogenized in 150 'ml.

- of petroleum ether using a Sorvall

"Omnimixer" at top speed for 3 min.,
and the solvent was removed by vacuum

filtration. The powder was extracted

" with 2 X 150 ml. of methanol, each ex-

traction takiﬁ§.24 hours at'2OC. The
methénal was collected by vécuum fil-
tration, apd.the combiﬁed éxtracts were
concentréted-to dryness in vacuo.'iThé
residue was diséersed in 100 ml. of
0.04 M. potassium phoséhate buffer

(pH B.6) and waéhed with 2 X 50 ml. of
éetroleum ether, which was discarded.
The aqueoﬁs phase was‘acidified_to pH 3

with 1 N. hydrochloric acid and washed

‘with 60 ml. of ethYl‘acetate (which was

discarded), then extracted with<*5 X 10
ml. of l-butanol. The combined butan-

olic extracts were concentrated tp dry-
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ness in vacuo, taken up in a minimum

of methanol, and dried under nitrogen

in a previously tared tube, yielding’

79 mg. of a yellow oil. This sample

was'dissolved in 2,0 ml. of methanol

and stored at -20°¢.
Separation of components was a-

chieved by thin layer chromatography

(T.L.C.) on-250 pm. layers of silica .

gel H, activated at 11006. for 60 min. .

and developed with chloroform: methan-

ol: acetic acid: water (40:15:3:2).

The spots were initially‘visualized

under ultraviolet light after spraying
the plateé with sulfuric acid: water
(7:3), and heating to 100°c. for 5 min.

Glycosides were subsequently detected

“by spraying with 0.05% a-naphthol in

.méthanol: water (1l:1) and heating to

100%¢. to develop the blue colour

(Tamura et al, 1968; Yokota et al, 1969;

Ny
Harada and Yokota, 1970).

Preparation of gibberellin-glycosides

labelled with glucose—U-14C: 50 seeds

IR
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(1.44519,) of seeds of TD(b) wEre'dié-
infected with 1% "Javex" for 15 min.
and imbibed with excess distilled wateh
on a shaker at 25°C: for 2 days. The
seeds wéfe dissecteé snd germs "and éndo—
sperms were ﬁlaced iﬁ 2—125 ml.‘screg-
.t0p flasks cohtaiﬁing 90 mg. (250 pmoles)
| of ‘gibberellic acid (GA3) each'iﬁ 20 ml.
and 30,mli,-respeptively; of 20 mM. |
succinate buffer ;aturafed with calcium
sulfate and containinglz mg;% of chlor-
amphenicol and 0.20 pc./ml. of uridine*.

l4C

5i—diphosphogluCOse—(U- ). The flasks

were inpubated on a shaker (80 cpm) at

25°c. After 24 hours the preparations
‘were lyophylized, then homogenized in
10 ml. of petroleum ether, and centri-

fuged. The pellets were extracted with

3 X 15 ml. of methanol,-eéch extractioﬁ | .
.requiring'24 hours at 2°C. The combined

methanolic exgracts_wegs.concentraped ‘

to dryness in vacuo, resuspended in a

minimum of 0.04 M. potassium phose?ate

puffer (pH 8.6) and washed with 3 X 2

ml. of petroleum ether. The aqueous -

L)

o
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phase was acidified to pH 3 with 5 N.

sulfuric acid and washed with 3 X 2-ml.

P S .
of ethyl acetate, then extracted with

6 X 2 ml. of'l-butanol. The combined
butanolic extracts were concentrated to

dryness in vacuo, dissoly

of methanol and stored &
(Eichenberger and Newman, 1968),
Radio-activit? was determined by

liquid scintillation counting in 10 ml.

-

_of 0.3% PPO and 0.01% POPQQ in toluene:

Triton X-100 (7:3) using a two-channel
. o/ '
Beckman LS-232 (Turner, Amersham:Searle
. (
bulletin). Standard preset discrimin-

ator "wiéndows" for -H and 3

H+l4c wbré
used and gquenching was correctedlfor by
the channels ratio method (Bush, 1963;
Rogers énd'Mbran, 19g6;_Blanchard,
Wagner and Takahaéhi, 1968). Samples‘
of each preparation were spotted on a

5 cm. XIZO ;m. plate, and separated in
chloroférm; methanol: acetic acid: water
(40:15:3:2). Glycosides wetre dééetted

using «-naphthol  spray, scraped from the

plates and counted.
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Flow-chart for the isolatibn of

gibberellin~glycosides.
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2.8.2 Bioassay: | o l
| |

2.8.2.1 Bdpassay of un-labelled glbberellln-

<glyc051des: Approx1mately 10 pl. of N

|
samgle was applied across 3 cm.Lof‘the
origin of a 5 cm. x 20 ‘cm. plategand%

dgveloped in chloroform: methanol: acetic

acid: water (40:15:3:2) . The plétéégwere
then @ivided into 3 zones (fig. il) ahd
half of ;ach zone was subjected'tE.IGE
hours of hydrolysis in 5 ml. of l.N.
sulfuric acid at‘lOOoC.j ﬁhen extfactg&
R

once with 5 ml. of ethyl.acetate.ﬂ The
-solvents were removed from the samples in
.25 ml. screw-top flasks and the samples

were dispersed in 5.0 ml. of 20 mMi
'.succiﬁate buffer (pH 5.3) satﬁrated with
calcium sulfate.

Sihglé seeds (apb#oximately 26‘mg.5
of TD(D) were weighed, then disinfec;ed”
with l% "Javex" for 15 min. and imbibed
in distilled water for 6 hours. The '
seedé were split Iongitudinally, de-

embryonated and the endosperm halves

were placed in their respective pre-
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pared. flasks and incubated for 3 days

. o} . . :
at:25°C. After incubation, the contents

of each flask were‘homogeniéed, and

~centrifuged. The supernatants were -assayed

for «-amylase content according to' the -
standard method. (cf. sec. 2.6.2.2)

Biocassay of resolved 14C~labelled gibber-

ellin-glycosides: 1.0 ml. of the embryo

preparation and 0.4 ml. of the endqsperﬁ
prgparéﬁion were app&iﬁgfacroés the Qrigins
of 2-20 cm. x 20 cmw plates coated .with -
500 p of Siiica gel H and acfivated for

1 héur at llO?C. Components>were resolved
in"chloéoform: methanol: acetic acid: water
(40:15;332), and the glycosides were éluted
from tﬁe gel with methanol using 75 mm.
funpels plugged with glass wool; likewise,
the femainder of the surface &€ the pla;es
wa%ﬁeluted. The methanol was removed from
each sample under nitrogén and.reblacéd.
with 5.0 ml. of additional methanol.

2.0 ml. of each sample was placed in

a sérew—top test tube and, after the removal

of the solvent, each was hydrolyzed in

-
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2.0 ml. of 1 N. sulfuric acid at 100°C.
:for‘lB hours. }The hydrolysates were
ext£aé£ed with 3 x 1.5 ml. of ethyl ace-
tate. The oréanic phases were evaporafed

to dryness and each residue Was.téken up

in 2.0 ml. of methanoll The solvent was
removed from 0.5 ml. qliquots of each of

the hydfolyzed and unfhydrolyzéd p;eparations
in screw-top test tubes and the residues

were disSolvéﬁ in 1.0 ml. portions of

12d‘mM. succinate buffer (pH 5.3) ‘saturated
with calcium sulfate. Individual seedé

of TD(D) were weighed and sterilized in

1% "Javex" for 30 min.l Afterle hours of
.imbibitioniin distilled water, the seeds

- were split longitudinallﬁ, de-embryonated,
and the endosperm halves were incubated

at 25°C. in theﬂ?ureSPective,bioasséy ' E

tubes. After 3 days, the contents of each

tube were homogenized with an additional

4.0 ml. of succinate buffer, then centri-
fuged. The supernatants were assayed for
d-amylase by the standard method (cf. sec.

2-6-2.2) .
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3. Results and Discussion

-
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3.1 Comparision of methods of protein determination

Two methods of protein Qeterminétion,.;hat‘of Lowry -

et ‘al (1951) (sec. 2;3.1) and that of Hartrée (1952)
(sec. 2.3.2)'we;e compared._lFor comparison, both .

were read at 550 nm., thé.Harﬁree determina£ion being
read at 650 nm. aé well. These data aré shown in table .
lland graphiéally in fiéure_j.‘ Colour development was
fouhﬁ to be ﬁore inteﬁse'with‘the method of Hartree
than with that of Lowry et ai. fér this réason,_tﬁe:
method of Hartree was found to be a more preéiée and
reliable for use with>low level; of protein {20 to 50

pg.) and was used throughout these studies (sec. 2.3.2).

!
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Figure 3:
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Comparison of the methods of Lowry et
al (1951) and of Hartree (1972) for the

determination of protein (Data from

table 1).

-~
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3.2 Develppment of the modified dinitrosalicylate method

i(sec..2.4.l) bue‘to'thgvlow amounts of reducing power
being dgtected‘inlthe asséys of amylolytic activitieé,
éérnfeld:s (1955) method was first modified by a re-
duction of the volume of‘water addéd in the final
dilﬁtioh from lé.ml. to.; ml., sucﬁ that a higher change
of absorbance .would be dbtained per.ﬁicromgleﬁredgcihg
sugar. ‘Also: due to the la3 nuﬁber of tubes in each
_.assay series, a larée-waterrzjkﬁ—with a maximum stable e
tempprature of 85°c. had to be used for the heating
step, a!sufficientiy large boiling water bath being :t
unavailable'. | | |
Under these conditioné, the techniqﬁe séemed to
‘be unable to.detect‘a residual level of relucing sugar
of between 0.2 and 6.4‘micr6moles as shown in curve A
of figure 4, Fbr,this re;éon, the method was further
modified to include the.addition of 0.10 ml. of 5.0
mM..mgltose to all tubes éripr to the heating Step, : Q!‘
which addition seems to eliminaté the blanking problem,

as in curve B in figure 4.
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Development of the modified dinitro-

salicylate method for the determination

of reduciﬁgxgugar'(Data‘from table 2).

Without addition of maltose. -

With maltose‘addition.'



MicrorTles of maltose

o
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3.3 Initial. Studies

Method ' Sec.

'l“Preparation of enzyme. 2.5.1
2. Method of assay . 2.6.2.1

The amylolytic activities of the endosperms of seeds. 6£
TD{(C) and,TD(D)ﬁduringithe first twengy-four hours of
Ambibition were studied in an attempt tb lodél;ze the
imitial stages of dmamylase'synthesis. waevér, as
shown in figure 5, the activities did not‘appear fo
chanée significantly during this pe;iod.

As the activities weré assayed after as idttle
as six hours of imbibition, it became apparent that .
ﬂ-amylése was reSpongible, and that any increases
in a—amylaselwould probably be masked by 'the high .
background levels‘of.ﬁLactivity..‘Thus an improved . o :

.method of assay was sought (sec. 3.4).
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Amylolytic activities found in the endo-

sperms of seeds of TD{C) and TD(D)} during

the early stages of imbibition (sec. 3.3)

Intervals shown are the standard error

+

of the mean.



. | Arnylcse-adivify : _ —
Units per pg. protein : Units per mg. igitial dry wt.

Bd 1

° TD(C)l
a TD(D)

WT
i
Days at 25°C.

e TD(C)
s TD(D)

[S1,

]. .
Days at 25°C.

[ L

-

>
-
~
ol




-59.

3.4 Development of the standard method for the aésay of

o-amylase’
Method ' : Section

" 1l. Purification of oa-amylase 2.5.4

.1

2, Purification of ﬂwamylase 2.5.5

3. Methods of assay . 2.6.2.2

Preparation:

Although the method of Schwimmer and Balls is"
used by a number of laboratories’ for the routine
preparation oﬁ a-amylase from barley, the method
:(sec. 2.5.4.1) does not appear to be suitable
for the isolation of thé_yheat enzyme, Its use
resulted in a continuous ;e&yétion in specific
activity, -as shown in table g%- The dest?qction
of a-amylase by ethanol has been observed by
others {Fischer and Haselbach, 1951; Ayrapaa
and Nihlén, 1954)f thus aﬁother‘meﬁhod,that
of Greenwood and MacGregor, was finally used
J(Séq 2.5.4.2). This methed gave good yield, with
a 13-fold pufification of d-amylase on the basis
of specific activi}y, with a single fractionation
(table 4). The f-amylase isolation (sec; 2;5;5)

resulted in a doubling of the specific activity

[
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(table 5). The patterns of hydrolysis of amylose

- substrates,. as determined with the amyloclastic

methody(see. 2.6.2.3), were used to verify the

identity of the enzymes. 'As shown in table 6

i .

and figure 6, a decrease in the absorbance of the
starch-iodine complex'was obserﬁgd in the .case

of a—amyiase} whexeas no such change was observed
for the ﬂ—prepération, even though a much higher
level‘of‘ﬂ;activify was used in the determinations,
As the‘intenéity of.the absorbance of the starch-
iodine complex at 620‘nm. depends direétlylupqn
tﬁe length of. the amylose chain, these results

are consistent with those expected for a- and

(B-amylase, respectively.

Inhibition studies: Since our studies are mainly
concerned with the aleurone response of wheat, it
would be desirable to be able to measure &-amylase

.activity without interference from ﬁ-amylase.

Roy and Underkofler showed that‘ﬂéamylase was
inh;bite? by d{l% cyaniée (Roy and Underkofler,
1950): They noted that some rgsiduél’ﬂ—activity
épééarea to remain if q—aﬁylase were present,

however it has been démonstrated that «-amylase

will show definite saccharogenic acﬁivity‘with
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Figure 6 : Degradation of amylose by a-amylase'

(sec.s 3.4.1)
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the agséyimethod used iKneen and Sandstedt, 1941;-
- Reed. and Thorn, 1971). The difficulties of this
study are (1) that no analysis.of the effects of
cyanide on a-amylasé was undertaken, and 42) that
" the cyanidé was in a high enough coﬁéentration to
répaer the reaction mixture extremely alkaline.
- However, this led-ﬁs tq look for a method to select~
ively inéctivate ﬁ—amylase-ﬁhraugh a chemical
modificationlof the moleéule.-.Thefon}y other
reasonable course would be the use of a specific
supstiéte, such as B-limit dextrinf Howéver,
d—amylélytic degradation éf-sﬁch a substrate
yields_ﬁ—substratg§1ﬁhich could introduce sub-
stantial error iﬁto the determination (Marshall
" and Whelan, 1971; Bilderback 1973). |

Thiol.groups havé been implicated in tﬁe
endogenous control of ﬂ—amylase actiyity (Thoma
‘et a};'lgss; Spradlin and Thoma, 1970: Thoma,
:lSpraAlin and Dygert, 1971). The chemical mod-
ificatign of these sulfhyaryl groups leads thq
loss of ﬂ—activity.lip-hmylases have been shown
to -be sensitiveito‘heaVy metals (Cu, Hg), and thé
usual sulfhydryl reagents (eg. PCMB, NEM, iodo-

acetamide) . (ibid; French, 1960; Riordan and Valee,
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.1972{. " Although the activity of é—amylase is not
reguiated tﬁréugh freesmlfhyﬁfyﬂ groupsg it haé
been repdrted to_bé sepsitive not only to heavy
metals,;such as mercury and copper, but also to
PCMB (Fischer and Stein, 1960; Greenwood_aﬁd Mac-
Gregor, 1965; Greenwood and Milne, 1968; Niku-

. ‘
Paavola and Nummi, 1971; Thoma, Spradlin and

Dygert, 1971),.
T

'In our own studies, pre—iﬁcubation of a- and
ﬂ—amylaées with various concéntratidns.of cuprié
or mercuricisms resulted in the inhibiti;n of both
enzymes . (table 7). 'Hbﬁever, it became apparent
that in all inhibition studies seen, the enzyme
ﬁad been incubated Qith the inhibitor‘prior.to
being assayed. Since many enzymes are stabilized
by the presence of substrate, it was decided o
include the inhibitor, ﬁercuric chloride, in the
substrate duriné its preparation (sec. 2{6.1.2).
'it was found that ﬂ;amylase activity was virtually
‘eliminated,with 5 x 10“6M. mercufic chloride;
which concentration had no éﬁfeqt upon d—amylase,
even after a totel exposure'cf 30 min. at ESOC,A
(tables 8 and 9). Thus this'conceﬁtratidnAof

mercuric chloride was routinely used.in the sub-

strate for the determination of a-amylase levels.
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3.5 Developmé’E\of ad—-amylase levels in the endosperms of

seedswf TD (L) and TD(D) durlng imbibition at 2°c. and

at 25°%c.

Metho \. \ . - Section

1. Prepaf?tion of.enzymé 2.5.2

2. Method of assay - 2.6.2.2
The development of d-amylase levels i:\EQeendosperma
of seeds of TD(C) and TD(D) was stuaied at 256C., at

o o, :
2°C. and at 25 C. after various exposures to 2%¢c.,

&>

"

It was found that a-amylase levels in TD(D) increased
more rapidly (P> 0.975).than those in TD(C) at 25°¢C.

(tables 10 and 11; figure 7; cf. tables 12 and 13). At

ZOC.,-there appeared to be no significant difference

between the deveiopment of a—a@ylase levels in TD(C) and

-
ol

that in TD(D) in'any period Qp to 6 weeks. The levels
after 6 weeks at 2°C. were roughly equivalent to those
found after 3 days at ééoc.‘ Thﬁs, for further studyf
2 weeks of exposure to ZOé. was considered to be the

equivalent of 1 day of exposure to'2SOC.‘(table 14,

figure 8; cf. tables 15 qnd l6).
3

¥

After full vernalization (ie. 6 weeks of exposure

to 2°C.) there appeared to be no significant difference
) : . .

between the develé%ment of d~amylése levels in TD(C) and

-

that in TD(D) at 25°cC. Indeed, if anything, the levels
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in Tb(c) deveIOp:mucﬁ moré guickly than‘those in TD(D).
whicﬁ would be a complete féversélléf the situatio;
in non-vernalized seeds (table 17, figures 8.a$d 9).
A comparison of the development of déémylase lévels in
'the endosperms of seeds of TD(C).and TD (D) Qitﬁ and

'without 6 weeks of exposure to 20C. reveals that cold

exposure accelerétes the increase of A—anylaSeilevels
~in TP(C), but has no significant effect upon those in
TD(D), essuming that, 2 weeks at 2°C. is'thé equivalent
of 1 day a£ ZSOC. (figure 9).

A temperature shift study was undertaken to illus-
tréte the shift in a-aﬁflase éevelopment in TD(C) with
respect to TQ(D).”After 0, 2, 4, and 6 weeks dﬁ exposure
to_ZQC., the seeds were incubated for 5 (nominaibfﬂﬁw 3,

-and 2 (nominal) days at 250C., respectively. o-Bmylase

ievels in TD(C) and in TD(D})- and tﬁeir differences,
TD(D)-TD(C), were determined (tables 18 and 19; figuré
10; cf. tableé 20 and 21). The study showed thaﬁ the
differences between TD(C) and TD (D) were ﬁignifiéanEly
decreased (P> 0.995) dhé go the exéosure of the seeds
.to low ﬁemperatufe.

Since gibberelliné }ndpce a-amylase synthesis by
cereal asleurone layeég {(Varner, 1964) and since this

e specific for this type of hormone

r.,-:-“"“"\\‘

response appears to
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{Carr aﬁd Goodwin, 1970), it.follows that, at 250Ct,

the ievéls of endogenous gibberellin-like activity are
lower in the winter variety then in the spring variety,
and that this difference in hormoﬁe le&éls is eliminated
aftet~vérnaliza£ion. The cold exéésure seems to in-
crease the le?eis in the winter variety only, having
little or no éffeCt upon the levels in the spring
variety..

At first glance, this would seem to support the
views of other workers (Suge and Osada, i966; Chaila-
khyan, 1968), howevér, the weakness in these:studies
is that gibberellins are determined by bicassay techm
niéues, and de£oxifiea forms of the hormoneé:scould not
be satisfactorily éetected. Considering the present ’f
view that:gibberellins‘act through a meqhanism.similar‘

to that of stercid hoEmones in animals "(Carlson, 1972),

' | ™~
and the observation of gibberellin conjugates in a T
number of plant systems (MacMillan, 1970), this possi- , ‘
bility must be investigated.

P
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Figﬁre 7 s
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TD (D) imbibed at 25°C. (Data from table 10).
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.

The development of w-amylase levels in

the endosperms of seeds of TD(C) and

.
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Figure 8 : : The development of o-amylase levdls: in '
the endosperms of seeds of TDR(C E%.
TD (D) during six weeks of imbibitlo  at
2%, a.nd diring subsequent ihbibition\"

at 250C. (Data from tablés 14 and 17).
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Figure 9 : The superimposition of figures 7 and 8
on the basis of'the agsumﬁtigg that 2
weeks at ZOC.-ig-the equivalent of 1

day at 250C;
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.Figﬁre 10

Changes of x-amylase levels in TD(C)

with respect to TD(D) at 25°C. after var-

‘ijous exposures to 2%c. (Data from table

N
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Agrose gel electrophoresis

'The original method (Sick and .Nielsen, 1964; Sick, -

1965; Frydenberg and Niélsen, 1965) for the separation

of barley aﬁylases used 1% purified agar. Although

.

the electrophoresis was performed at pH 7.3, which is

on the alkaline side of the isoelectric pbints of these

enzymes,'their migration wa%,gathodic due to the high -

endo-osmotic flow in agar. Tgis was confirmed for the

-

enzymes from Triple Dirk, however electrophoféﬁic

- -

“mobilities were low and a maximum of three bands were -+

obt%ined, wiﬁh poor: resolution. It was noted that the

, N

agarlused had §oor mechanlqal stgbility, even at a
conéentraﬁidn of 1%, . and that numerous mihute imsoluable
particles were present. By contraét, the'agarosé used

had a-high degree'of mechénical stability, gven 'a 0.5%

concentration, and was readily soluable. Migration of

" the wheat amylases in the.agarose was anodic and reso-

lution was good (7 bands, figufe 11).

Elec;rophgretic mobllities were eveﬁ lower in agarose
than:in agér. 'An increése inlpH to é.O resultéd in the
amylases' migration as a single band, Fnd a further
increase to pH 8.7 caused thé destruction of any amylo-
lytic.activfty after.iS to 30 min. of electrophoresis.

Increasing the agarose concentration from 0.5% to
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1% resﬁ%&ﬁﬁNin an overall decrease in mobility, but did

not affect the*;elative_mbbilities of the bands. An
. N

increase of current from d mA, to 5 mA, per slide gave
hlgher mobilities with a loss of resélutlon. Endo—
osmotic flow was sharply incregsed with a swelling -
of the gel layer‘to a thickness.of 1.5 mm. to 2umm. If
this current was maintaingd-éor 1 hour (Eﬁﬁﬁ offen.l
mu'chﬁearlier) , the gg.l bedian t% buékle, lthen -teér.. Thus
‘l%the method was gtandaf@ized to pH 7.3, p 0;02 in 0.5% .
lagrése with a curfgn£ of 3 mA. per slide for 2 hours
“at 4°C. This resulted in consistently cleaf fesolution
of seven bands with better than 95% reprodu01b111ty.

It was found that the eldé%rode buffer could only
be used once. Repeated use resulted in high electro-
phoretic'mobilities;and a léck of resolution, even 1if
.the eleCtrbdes were reversed or if thé buffer from £he
electrode compartments was completely mixed before the
seconrd rum. This éspéxplainhﬁ by aﬁ overall increaée
in buffer pH during the run. After a .single 2 hour run

with 10 slides at 30 mA., the pH oé the mixed electrode
buffers had gone from 7.3 to 7.6. |

All seven bands found appear tc be o-amylases.

. -~

No bandg'displaying the characteristic red-staining of

ﬁ#iimit dextrin with iodine were found. The staining of




.Figure 11

-

-94~

The separation of éones.of amylolytic act-
ivity on 059% agarose gel (pH 7.3, u 0.02)
by electrophoresis at 3 mA. for 2 hours.
The seven bandé are designated A to G

from the origin towards the anode.

Subétrate slide

Electrophozesis slide
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these seven bands varied only in the intesity of blue 7
| ' v

colour.

Heatiné of the enzymes tb 70°c. for 15 min. before /,f
electrophoresis had no effecf upon the'separation pattern.
Similér treaéwent after electrophoresis destroyed all

'hamylolytié‘acéivity (Frydenberg and Nielsen, 1965).
The incorpo;ation of 5 x“lO__6 M. mercuric chloride in
the substrate slide had no effecﬁ upon the enzyme -act
;ivities. At 5 x 10—5 M., mercuric chloride,fnoticable
inhibition oftall‘bands'occured'(sec. 3.4.2).

?he appearance of the bands for Tb(c) and for TD(D)
is relatéd only to the levels of o -amylase activity,

and no varietal differences could be foundl Imbibition

at ZOQ. did not appear'to alter the pattern (table 22).
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3.7 Investigations involving gibberellip-glycosides

" Section

arg£ion of glycosidés ' 2.9.1
2. Bioassa& of gibbe?éllin-
like aétivity - : 2.8,2
. As stated above (sec..3.5), acetyl and glucopyrano-
syl conjugates of several glbberelllns have been
identified in plants (Machllan,'1970) Although .
', the conjugation of a plant hormone does not.necéss—
arilj decrease‘its bioiogical poteﬁcy (Fox et al,
1973), preliminary results with gibﬁerellin—gluco-
éides seem to indicate that pheir potency is dfas—
tically decreased (Sembdner et al, 1970; Yamane et
él, 1973). Thére is also evidence.to'suggest that 2
glucosyl conjugates of phytohormones function in *
storage, perhaps by protectxng the’ hormone from de-

gradation, and\may also serve in hormone transloc-

ation (MacMillan, 1972;-F0x_et al, 1973).
In our own preliminary studies, a modification

p——
of the method of Yokota was used (figure 2; sec.

.2.8.1.1)(Tamura et al, lQﬁi;kiiifta et al, 1969;
Harada and Yokota; 1970) t6Isolate any gibberellin-
glycosides present in dry grains of the spring wheat,

_Triticum aestivum, var. ?Marquisf.ﬁ The product of
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this procedure gave only five spots on T.L.C. plates,
all of which were positive to «-naphthol spray, indi-
cating probable carbohydrate moieties associatéd with

these 5pots‘(figuré 12). Using the endosPérﬁrhalf \\ﬁhh
bicassay, gibﬁerellin-like bompbunégﬁwere detected on ,
the plates, and levels 6f detectable giﬁbéré%liﬁrlike
compounds increased drasticélly following p liminaﬁy(:
écid hydrélysis (table 23). Thus_gibberelufn;conjﬁ-
gates were present in tﬁe dry seed.

quw6rk has been;@one fegarding ;he donor of the
glucosyl moiety to tﬁg"”ibbefeilin—gluqosides, how-
ever ﬁridine=5'—diphosPhoglucose (UDP;glucose) has|
been shown to be the donor to steryl—giugosides in
planté (Eichenberger énd Newman,. 1968; Lavintman and
Cardini, 1970, 1971 and 1972). Using‘a-méthoa patt-
erned after theirs for the‘labelling of-stéryl*gluco—
-sides, label was succésSfully introduced from UDP-
glucose;kU;l4C) into ginereliin-glycosides'during
the imbibition stages of TD(D) demonstrating that |
béth the germ‘and enaosperm fractions are capable of
synthesizing gibberéllin—gIYCOSides during éerminat;on
ftables 24 and 25; figures 13 and 14). A toﬁal of

_ eight glycosides were labelled by the endosperm pre-

paration, only four of which were labelled by the
. ‘a




=00

eﬁﬁry;.prepératibﬁ (table 25). The pétterns o} la-
belling shown in thé histograms éggﬁébviously ve
differeﬁﬁ (figure 14)}. Again, éibberéllin;like com-
pounds.were deﬁpnstratgd'in the gpots‘by bicassay,
and preliminary acid hydrolysis of the sémpies sig-
nificantlyiﬂcréased (P§-0.§9) the levels of detect-

able gibberellin-like activity (table 26, figure 15).




Figure 12-:

-100-

The separation of un-labelled gibberellin-

" ‘glycosides on Silica gel H using chloroform:

methanol: acetic acid: water (40:15:3:2).
Spots are numbéred according to théifi
chromatographic correspondence to those-
fﬁund in the'labelléd preparations-(cf.

figure‘b3).
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Figure 13 :
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i

The separation of 14 1abelled gibberellin-

glycosides from the embryo’ and éndosperm

preparations of TD(D) on Silica gel H

' using-éhlorbform; methanol: acetic acid:

water (40:15:3:2).
Embryo preparation

Endosperm preparation
L]
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Figure 14 : ) Histogram showing the distribution of
| radio—activity'in the gibberéll;n—
glycosideé from the embryo and endo-
sperm preparations (Data from.table 25).

R = "Remainder of plate”
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Figure 15 :
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Histogram showing the distribution of
"gibberellin—like“ activity (as «-amylase
units induced in an endosperm—haif bio- |
assay) in the embryo-and endosperm pfe«
parafions‘before and afte; hydrolysis
(Data from table 26).

R = "Remainder of platé"
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R+

3.8 The effect of UDP-Glusose on glbberelllc acid 1nduced

d-Amylase productlon.

Method ) Section

1. Preparation of eﬁzyme - 2.5.3
2. Determination of enzyme"
activity | - 2.6,2.2

As statedeabOVE (sec. 3.5),_thé iowef production
of d—amylasé in TD(C),;with respect to TD(D), at 25°¢.
.may be due to the detoxification of endoéenous gibber-
elllns, poss;bly by a specific glucosyltransferase. |
It has been shown that thls wheat is capable of 1ncorr
porating glucose:from UDP—glucose into-gibberellin—
conjugaﬁes and that these conjugates have higher gibber-
éllin—like activit& after acid hydrolysis (sec. 3.7).‘

Therefore, endosperm halves of TD(C) and TD (D)

were incubated in 107% m. gibberellic acid (GAj) with

\
UD?-gluCOse from 0 M. to 10-2 (table 27). However,
no difference between the a-amylase levels found in
TD(C) and those found in TD(D) could be detected, nor -

did UDP¥glucose appear to have ény effect upon thase

levels.
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4. Summary and Conclusions




4.6

‘been described (sec. 3.4).

A novel methodology for the‘défermination of a~amylase

activity in the presence off3—amylases‘in*wheat“ﬁas

It was found that «-amylase levels in the endosperm

of the winter variety, TD{C), increased significaptly‘
more slowly than did the levels in the endqépgrm of the
spring variety,_TDfD), d;ring imbibition of thg seeds
at 2SOC, (sec. 3.5, figure 7, tables 10 and 1l).
Exposure to cold (2°c.) for six weeks‘appeérs to accel-

*

erate the production of a~amylase in TD(C), eliminating

. the differences in enzyme'levéls between the spring and

winter vérietieé (fables lé and 17, figures 8 and 9).
This acceleration of «-amylase development in TD(C) by
cold exposure éccu;s towards the end of the fuli vern-
alization treatment (tables 18 and-19, figure 10).
There are no-discernable yarietal differences'in the’

electrophoretic patterns between the o«-amylases from

" the two varieties.

Suspected gibbe;ellin—glucosides have been isclated’
from dry gzéiqs (sec. 3.7;jtable 23, figure 12) and the
synthesis of ‘2Celabelled gibberellin-like conjugates,
incorpo;ating label from UDP—Qlucosé;(U—l4C), has been -
observed (tables 24_and.25,.figure 13).

These susbected gibberellin-glucosides are a detoxified




lb
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form, as acid hydrolysis significantly increases the

gibberellin-like acﬁivities, as determined by the

endosperm-half bibaSSay (£ables 23 and.26,"figdre 15) .
No evidence could be foun@ to indicate that tﬂe de-
toxifiéaﬁion‘of gibberellins through the action of a
glucosyltransferase was respon;;Sieaior'the differences
observed in.tﬁe deveioPment of x-amylase levels in the

. . ‘ (o)
two varieties at 25 C.
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