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SUIUYIARY

The r¡lheat aleurone system ulas used to examine the possibilit,y of a

membrane-based site of gibberellic acid (GA3) action. Effect of loul

temperature on the GA3-sensitivity of aLeurone tissue from Rht-

containing genotypes and non-Rht-containinq genotypes has been examined.

Sensitivity of the aleurone tissue de-embryonated seed to GA¡ uras

monitored by determining the amount ofo -amylase produced as a lesult of

24 h¡s incubation at, 30oC, ulith different concentrations of exogenous

GA¡. Essentially, a 20 hr pre-incubation at SoC' as compared ulith 30oC,

of de-embryonated seed/aleurone tissue of Rht-containing genotypes

brought about dramatic increases in GA3-sensitivities. No such lor¡

temperature-induced increases uere detected in the case of non-Rht-

containing genotypes.

Concomitant r¡ith the manifestation of this loul temperature-induced

Íncrease in GA3-sensitivity the phosphol-ipid and sterol composition of

the aleurone tissue containing either the Rht2 or Rht3 drrlarfing gene'

ùJas monitored to determine r¡hether any gross or specific changes taking

place in the membranes of the tissue uere synchronized r¡ith the increase

in GA3-sensitivity.

bJhile lou temperature exposure had no effect on the sterol

composition of Kite çnntZ) aleurone tissue, a 20 hr pre-incubation at

SoC resulted in significant changes in the content of lipids, especially

phospholipids. Significant lor¡ temperature-induced changes in both the

head group and acyl contents of tr¡o phospholipids' PC and PE, uJere

detected. More importantlyr these changes displayed a very close

temporat relationship r¡¡ith the lor¡ temperature-induced increase in GA3-
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sensitivity. Further, this' relationship ulas paralleled by a high1y

significant correlation betueen the changes in the phospholipids and the

changes in a-amylase production.

Experiments ulith Rht3/rht3 F6 isogenic lines obtained from a cross

betuleen Minist,er Dr¡arf x Cappelle Desprez ¡evealed that F6 Rht3 (CA¡-

insensitive) grain can be induced to produce similar amounts of c-

amylase to that produced by the F6 rht3 (sensitive) grain as a resutt of

the l-our temperature treatment, referred to above. t/hile this Ìoul

temperature treatment had a profound effect on the phospholipid

composition of the F6 Rht3 aleurone tissue, an effect quite similar to

that evident in the case of aleurone tissue of Kite' it, had no effect on

either the phospholipids of F6 rht3 aleurone tissue or its GA¡-

sensitivity. In fact, as a result of the lorrr temperature-induced changes

the phosphotipid profile of the aleurone tissue from the tuo l-ines

became quite similar. Once again, there uJas a significant correlation

betuleen the loul temperature-induced changes in the phosphol-ipids and c-

amylase production. Results from the experiments uith inhibitors of

tipid biosynthesis also support, albeit r¡ith certain qualifications' the

concept of a link betueen'phospholipid augmentation and subsequent

development, of GA3-sensitivity. No effect of the lorrl temperature could

be detected on the sterol composition of aleurone tissue of either of

the tr¡o lines.



vffi

ACKNIIh'I-EDGEMENTS

My sincerest appreciation and thanks are due to my supervisor,

Professor L.G. Paleg for his constant encouragementr able guidance and

appreciable positive criticism throughout the course of this r¡ork.

f am also grateful for the help and support of Drs. Peter Nicholls

and Don Aspinall and other members of the Department of, Plant

Physiology. Thanks a¡e also expressed to Richard Miles and Russel Starr

for their inval-uable assistance in photography of figures.

f trlould especially like to thank my family for their continuous

encouragement and particularly fYlargaret Singh¡ r¡hose patÍent

understanding and cheerful countenance helped make this thesis possible.

Financíal support provided by the University of Adelaide Research

Grant is also gratefully acknorrlledged.



1x

Statement

This thesis has not been previously submitted for a degree at this

oD any other University, and is the original r,lork of the r¡lriter except

uhere due reference is made in the text

(sur



Â

BASF 1 3-338

oc

DEGS

Diclofop-MethyI

Ea

Er

16:0

18:0

18:1

1822

18:3

GA¡

Gammexane

GLC

IAA

m9

min

ml

mlYl

PI

PG

PC

PE

LPC

DPG

u

x

List of Abb¡eviations

Angstrom (= 16-10t¡

4-chloro-5 ( dimethylamino ) -2-phenyl-3 ( ZH ) -pyridazinone

Degree Celsius

Diethylene glycol succinate

Methyl 2-[4-(2,,4r-dichlorophenoxy) phenoxy] pro-
panate)

Arrhenius activation energy

Endoplasmic reticulum

Palmitic acid

Stearic acÍd

Oleic acid

Linoleic acid

Linolenic acid

Gibberellic acid

Gamma-hexachlorocycloh exane

Gas-liquid chromatogiaphy

fndole acetic acid

fvlilligram

Minute

fvlillilitre

üillimolar

Phosphatidyl inositol

Phosphatidyl glycerol

Phosphatidyl choline

Phosphatidyl ethanol amine

Lyso phosphatidyl choline

Diphosphatidyl glycerol

lYlicro



xi

Rht

SK & F-799743

TLC

Reduced height gene

Tris- ( Z-Oietnylaminoethyl ) phosphate hydrochloride

Thin-layer chromatography



xil-

Figure
No.

10

11

12

List of Fiqures

Time course of o-amylase production by isolated
aleurone layers of Kite (nntZ) pre-incubat,ed for 20 hrs
at SoC or 30oC.

Effect of pre-incubation temperature and time on c-
amylase production by de-embryonated seed of CAP x MD
(nnt¡, duarf) selection in the absence of GA3.

Effect of pre-incubation temperature and time on cr-
amylase production by de-embryonated seed of CAP x wID

(nnt¡, dr¡rarf ) selection in response. to 0.01 ug/ml GA3.

Effect, of pre-incubation temperature and time on o-
amylase production by de-embryonated seed of CAP x fvlD

(nnt¡, dr¡arf ) selection in response to 0.1 u g,/ml GA3.

Page

2

2

1 Chemical ring structures and numbering system for the
ent-gibberellane skeleton' GA1 r GA2t GA3 and GA4.

Effect of 20 hrs pre-incubation at SoC or 30oC on c! -
amylase production by de-embryonated seed of Rht3
containing uheat varieties, Tom Thumb and Tordo.

3 Comparison of o -amylase produced by tissues of Rht3
containing uheat variety lvlinister Dularf pre-incubated
for 20 hrs at diffe¡ent temperatures.

4 Effect of 20 hrs pre-incubation at SoC or 30oC on o -
amylase production by de-embryonated seed of Rhtl
containing urheat variety Aroona.

5 Comparison of a -amylase produced by tissues of the Rht2
- containing r¡heat variety Kite, pre-Íncubated for 20
hrs at different temperatures.

Effect of pre-incubation temperature and t,ime on o-
amylase production by isolated aleurone layers of Kite
(nntZ) in trre absence of GA3

Effect of pre-incubation t,emperature and time on c-
amylase production by isolated aleurone layers of Kite
(nntZ) in response to 0.01 y g/mJ- GA3.

Effect of pre-incubation temperature and time on cr-
amylase production by isolated aleurone layers of Kite
(nntZ) in response to 0.1 u g/ml GA3.

Effect of pre-incubatiorí temperature and time on s-
amylase production by isolated aleurone layers of Kite
(nntZ) in response to 1.0 u g/ml GA3.

6

55

57

58

59

61

62

63

64

66

68

70

?

B

I

13

7L



xifi

14

15

16

17

18

1s

20

21

22

Effect of pre-incubation temperature and time on o -
amylase production by de-embryonated seed of CAP x fvlD

(nnt¡, dr¡arf) selection in response to 1.0 ug/ml GA3.

Effect, of 2O hrs pre-incubation at SoC or 30oC on o -
amylase production by isolat,ed aleurone layers of CAP x
fYlD (Rht,3, dr,rarf) selection.

Effect of pre-incubation temperaLure and time on cr -
amylase production by de-embryonated seed of CAP x fYlD

(rht3, taII) select,ion in the absence of GA3.

Effect of pre-incubation temperature and time on cú -
amylase production by de-embryonated seed of CAP x lvlD

(rht3r taII) selection i-n response to 0.01 ug/ml GA3.

Effect of pre-in:ubation temperature and time on q -
amylase product,ion by de-embryonated seed of CAP x ttlD

(rht3, taff) selection in response to 0.1 ug/ml GA3.

Effect of pre-incubation temperature and time on c -
amylase production by de-embryonated seed of CAP x fvlD

(rht3, talt) sel-ection in response to 1.0 ug/ml GA3.

Time course of a-amylase production by de-embryonated
seed of CAP x fID (Rht3, dr¡arf) selection, pre-incubated
for 20 hrs at SoC or 30oC.

Time course of o-amylase production by de-embryonated
seed of CAP x MD (rht3, tall) selection, pre-incubated
for 20 hrs at 5oC or 30oC.

Effect of imbibÍtion and pre-incubation temperature and
time on the total phospholipid content of aleurone
tissue of Rht2 -containing urheat variety Kite.

23 Effect of imbibition and pre-incubation temperature and
time on the total sterol content of aleurone tissue of
Rht2 - containing urheat variety Kite.

Effect of imbÍbition and pre-incubati-on temperature and
time on the total phospholipid content of aleurone
tissue of CAP x fID (Rht3, duarf) selection.

Page

72

74

75

76

77

78

79

81

88

ro4

II4

130

151

24

25 Effect of Ímbibit,ion and pre-incubation temperature and
time on the total sterol content of al-eurone tissue of
CAP x fvlD (Rht3, durarf) selection.

26 Effect of imbibition and pre-incubation t,emperatu¡e and
time on the total phospholipid content of aleurone
tissue of CAP x MD (rht3, tall) selection.

27 Effect of imbibition and pre-incubation temperature and
time on the total sterol content of aleurone tissue of
CAP x f{D (rht3, taff) selection. 163



Itly

Page
28 Effect of SK&F

or incubation
fiD (rht3, taII

-?997-43 included in the pre-incubation
eriods, on o-amylase production by CAP x
de-embryonated seed.

p

)

Effect of Gammexane included in the pre-incubation or
incubation periodsr oh the o-amylase production by CAP

x HD (rht3r tall) de-embryonated seed.

Diclofop-fvlethyl included
incubation periodsr orl
CAP x fTD (rht3, tall)

29

1,75

176

L77

30 Effect of
incubation
production
seed.

o1
by

in the pre-
the a-amylase
de-embryonated



xv

TabIe
No.

List of Tables

Effect of lor¡ temperature pre-incubation on
sensitivity of r¡heat grain tuith various
backgrounds.

Page

B2

90

91

93

94

95

98

99

100

ro2

105

L06

r07

1 the GA¡-
genetic

2

3

4

5

6

Phospholipid composit,ion of isolated aleurone tissue of
Kite pre-incubated at 30oC for various lengths of time.

Phospholipid composition of isolat,ed aleurone tissue of
Kite pre-incubated at 5oC for various lengths of time.

Fatty acid profiles of phospholipids of aleurone tissue
from Kite dry seed.

Fatty acid profiles of phospholipids
aleurone tissue of Kite pre-incubated
various lengths of time.

phospholipids
pre-incubated

isolated
30oC for

isolated
soC for

of
at

Fatty acid profiles of
a.l-eurone tissue of Kite
various lengths of time.

of
at

?

I

g

Effect of pre-incubation time and temperature on the
fatty acid percentage composition of various
phospholipids of the isolated aleurone tissue of Kite.

Fatty acid percentage composition of phospholip.i.ds of
isolated aleurone tissue of Kite pre-incubated at soC
for various J.engths of time

Fatty acid percentaqe composition of phosphoì-ipids of
isolated aleurone tissue of Kite pre-incubated at 30oC
for various lengths of time.

10 Correlation coefficients of e-amy
aleurone tissue of Kite against (

acids of individual phospholipids,
phospholipid or fatty acid totals.

11

12

13

Lase production by
A) comp

or (e)
onent fatt,y

individual

Steryl glycoside composition of isolated aleurone
tissue of Kite pre-incubated at 30oC or SoC for various
lengths of time.

Steryl ester composition of isolated aleurone tissue of
Kite pre-incubated at 30oC o¡ SoC for various lengths
of time.

Free sterol composition of isolated aleurone tissue of
Kite pre-incubated at 30oC or SoC for various lengths
of time.

Phospholipid composition of aleu¡one tissue of CAP x MD
(nntS, dularf) de-embryonated seed pre-incubated at 30oC
for various lengths of time.

14

l- 16



¡(vi

15 Phospholipid composition of aleurone tissue of CAP x MD

(nntS, durarf) de-embryonated seed pre-incubated at soC
for various lengths of time.

1 6 Fatty acid profiles of phospholipids of aleurone tissue
from CAP x fvlD (Rht3, duarf) dry seed.

17 Fatt,y acid profiles of phospholipids of aleurone tissue
of CAP x fvlD (Rht3, dr¡arf) de-embryonated seed pre-
incubat,ed at 30oC for various lengths of time.

18 Fatty acid profiles of phospholipids of aleurone tissue
of CAP x fID (Rht3, duarf) de-embryonated seed pre-
incubated at SoC for various lengths of time.

Effect of pre-incubation time and temperature on the
fatty acid peicentage composition of va¡ious
phospholipids of aleurone tissue of CAP x fv|D (nntt,
dr¡arf ) de-embryonated seed.

1g

by
(n)
(e)

Page

TT7

119

r20

t2L

r24

r25

L26

r28

1.32

133

r34

136

20

21

22

Fatty acid percentage composition of phospholipids of
aleurone tissue of CAP x wID ( nnt¡, durarf ) de-
embryonated seed pre-incubated at soC for various
Iengths of time.

Fatt,y acid percentage composition of phospholipids
of aleurone tissue of CAP x fYlD (nnt¡, duarf) de-
embryonated seed pre-incubated at 30oC for various
lengths of time.

Correlation coefficients of cr-amylase production
aleurone tissue of CAP x fïD (Rht3, duarf) against,
component fatty acids of individual phospholipids'
Índividual phospholipids or fatt,y acid totals.

23

24

25

26

27

Stery1 glycoside composition of aleurone tissue of CAP

x fID (Rht3, dura¡f) de-embryonated seed pre-incubated at
30oC or SoC for various lengths of time.

Steryl ester composition of aleurone tissue of CAP x fvlD

(Rht3, duarf) de-embryonated seed pre-incubated at 30oC
or 5oC for va¡ious lengths of time.

Free sterol composition of aleurone tissue of CAP x MD

(Rht3, dularf) de-embryonated seed pre-incubated at 30oC
or SoC for various lengths of time.

Phospholipid composition of isolated aleurone tissue of
CAP x fv|D (Rht3, duarf) seed pre-incubated at 30oC or
SoC for I or 20 hours.

Fatty acid profiles of phospholipids of isolated
aleurone tissue of CAP x fvlD (Rht3, duarf) seed pre-
incubated at 30oC for I or 20 hours. r37



xvil

28 Fatty acíd profiles of phospholipids of isolated
aleurone tissue of CAP x tID (Rht3, dr¡arf) seed pre-
incubated at SoC for B or 20 hours.

29 Fatty acid percentage composition of.phospholipids of
isolâted aleurone tiãsue of CAP x fvlD (Rht3, du¡arf) seed
pre-incubated at 5oC for B or 20 hours.

30 Fatty acid percentage composition of.phospholipids of
isolãted al-eurone tiãsue of CAP x mo (Rnt3, dua¡f) seed
pre-incubated at 30oC for I or 20 houts.

31 Steryl glycoside composition of isolated aleurone
tissue of CAP x fTD (RhL3, dtlarf) seed pre-incubated at
30oC or SoC for I or'20 hours.

32 Steryt ester composition of ísolated aleurone ti-ssue of
CAP x fvlD (Rht3, dr¡arf) seed pre-incubated at 30oC or
SoC for I or 20 hours.

33 Free steroL composition of isolated aleurone tissue of
CAP x fID (Rht3' dr¡arf) seed pre-incubated at 30oC or
5oC for I or 20 hours. '

34 Phospholipid composition of aLeurone' tissue of cAP x fvlD

(rht3, taII) de-embryonated seed pre-incubated at 30oC

for various lengths of time.

35 Phospholipid composition of aleurone tissue of cAP x fTD

(rht3, tall) de'embryonated seed pre-incubated at soC

for various lengths of time.

36 .Fatty acid profiles of phospholipids of aleurone tissue
from CAP x fïD (rht3, tafl) dry seed.

37 Fatty acid profiles of phospholipids of aleurone tissue
of CAP x MD (rht3, tafl) de-embryonated seed pre-
incubated at 30oC for various lengths of time.

38 Fatty acid profiles of phospholipids of aleurone tissue
of CAP x fvlD (rht3, taII) de-embryonated seed pre-
incubated at, SoC for various lengths of time.

on the
various
(rht3,

Page

138

r40

r4].

L43

r44

745

153

l5/+

155

L57

158

159

160

39

40

Effect of pre-Íncubation time and temperature
fatty acid percentage composition of
phospholipids of aleurone tissue of CAP x fvlD

talf) de-embryonated seed.

Fatty acid percentage composition of phospholipids of
aleurone tissue of CAP x fYlD (rht3, tall) de-embryonated
seed pre-incubated at SoC for various lengths of time.

Fatty acid percentage composition of phospholipids of
aleurone tissue of CAP x MD (rht3, tafl) de-embryonated
seed pre-incubated at 30oC for various lengths of time.

41

161



xviif

Page
42

43

44

45

46

47

Steryl glycoside composition of aleurone tissue of CAP

x fïD (rht3, taII) de-embryonated seed pre-incubated at
30oC on 5oC for various lengths of t,ime.

Steryl ester composition of aleurone tissue of CAP x fID
(rht3, tall) de-embryonated seed pre-incubated at, 30oC
or SoC for various lengths of time.

Free sterol composition of aleurone tissue of CAP x IID
(rht3, taII) de-embryonated seed pre-incubated at 30oC
or SoC for various lengths of time.

Effect of BASF 1 3-338 included in the pre-incubation or
incubation periods' on cr-amylase production by CAP x MD

(rht3, tall) de-embryonated seed.

Effect of Chlorpromazi.ne included in the pre-in.;ubation
or incubation periods, on c-amylase production by CAP x
fïD(rht3, tall) de-embryonated seed.

r64

165

L67

T7L

t72

173

179

181

L82

]-84

Effect of
incubation
production
seed.

Trifluoperazine included
or incubation periods,

by CAP x MD (rht,3, taII)

in the pre-
on a-amylase
de-embryonated

pre-

the pre-
aleurone

4B

49

Effect of various inhibitors included in the
incr-rbation period on the phospholipids of CAP x
(rht3, tall) aLeutone tissue.

MD

e-
he

pr
t

Effect of various inhibitors included in the
incubation period on the free fatty acids of
aleurone tissue of CAp x fylD (rht3, tafl) seeö

50 Effect of various inhibit,ors included in the pre-
incubation period on the derivative sterols (steryl
glycosides and esters) of aleurone tissue of CAP x fYlD

(rht3, tall) seed.

51 Effect of various inhibitors included in
incubation period on t,he free sterols of the
tissue of CAP x fID (rht3, taII) seed.



PREFACE

A portion of the subject, matter of this thesis has been published

under the titles mentioned belor¡:

1 The lour temperature induction of hormonal sensitivity in
genotypically gibbereLlic acid-insensitive aleurone tissue.
S.P. Singh and L.G. Paleg. Plant Physiol. 742 437-438.

2.

3.

Loul temperature induced GA3-sensitivity of r¡heat. I.
Characterization of the loul temperature effect on isolated aleurone
of Kite.
S.P. Singh and L.G. Paleg. Plant Physiol. (in press).

Lou temperature induced GA3-sensit,ivity of uheat. II. Changes in
lipids associated urith the lor¡ temperature induced GA3-sensitivity
of isolated aleurone of Kite.
S.P. Singh and L.G. Paleg. Plant Physiol. (in press).



WAITF II.ISTIi(JTE

ilBR/¡ñ,y 1

I. INTRODUCTION

1 Gibberetlin and the aleurone system

Gibbereltin is the generic name for a class of naturally-occuring

diterpenoid compounds possessing an ent-gibberellane skeleton (Figure

1). Although evidence of.their occurence has been cited in gymnosperms'

ferns, fungi, algae and bacteria (Xato et al., 1962 i

Katznelson, 1965 ; lYlouat, 1963 ; Schraudolf , 1966), qibberellins are

found primarily in angiosperms (Rateg and l.llest, 1972).

Initial evidence suqgesting a hormonal nature of gibberellins came

from the response of dularf plants to exogenous gibberellins. Dularf peas

(p)¿* ¿a-ütun) elongated to 5 times their length in a feur days on

application of microgram quantities of pure GA3 (Brian, et, aI., 1954 i

Brian and Hemming, 1955) and the grorLrth rate uas equal to those of

related tall varieties. In dularf maize (Zzo-aA¿), GA3 restored groulth of

four single-gene mutants to that of the normal phenotype' but tulo other

mutants urere unresponsive (Pninney, 1956). In each instance the applied

gibberellin substituted for a natural but unknoun grorrrth promoting

substance. The absence of marked abnormalities concomitant r¡ith the

grouth induction indicated that the prime effect of qibberellins might

be to accentuate metabolism, rather than to cause a gross re-orientation

of cellular activity. Endogenous gibberellin, therefore, uras recognized

as an important groulth-promoting phytohormone.
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Fiqure 1: Chemical ring structures and numbering system for the

ent-gibberel-Lane skeleton, GA1, GA2, GA3 and GA4.
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gne of the primary problems encountered in elucidating the

action/mechanism of a hormone is determining uhich events ar.e the

primary effects and ulhich are the secondary effects. In other ulords' the

initial event concerninq the rmechanismr and the latter series of events

representing the rmodet of hormone action (paleg, '1965). Compounding the

problem is the lack of specificity in the phytohormone responses. Unlike

animal systems in uhich a hormone exerts its effect almost exclusively

on a target organ ulhich is responsive only to that hormone, most

hormonal responses in plants are under-the control of turo or more of the

knoun phytohormones: auxins, gibberellins, cytokinins, abscisic acid or

ethylene. Hence, a given developmental process oI area of metabolism

often is a result of the inte¡action of any of several hormones. There

are, houever, certain developmental periods and grouth processes rrlhich

are considerably more responsive to a specific ho¡mone.

For gibberellinsr the physiological effects are most pronounced in

floral induction in rosette plants (Lang, 1956), parthenocarpic f¡uit

induction (Crane, 1964), stem elongation in rosette plants and genetic

durarfs (Lang,1956; PhinneY,1956; Brain,1959) and the breaking of

both seed dormancy in monocotyledonous seeds (Paleg, 1961 ; Cohen and

Paleg, 196?) and apical bud dormancy (Bukovak and lLJittuer, 1961 ).

An additional problem in elucidating the mechanisms and mode of

action of gibberellins is the increasingly large arlay of

physiologically active structural configurations and the considerable

specificity of the individual gibberellins in the bio-assay systems

(Reeve and Crozierr 1 974).
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For elucidation of the mode of actions of GA3, the aleurone layer

of cereal grains has classically been the system of choice. The GA¡-

induced initiation and control of hydrolytic enzyme activity in the

cereal aleurone tissue, first reported in 1960 (Rateg, Yomo) is ulell

established nou;. The attractiveness of cereal aleurone layers as the

system for study of the biochemical basis of GA3 action derives from

several unique features of aleurone tissue: 1 ) Gibberellins are the

natural trigger of enzyme production in uiuo (Pateg, 1965 ; Briggs,

1g?J) , 2) its response is confined to this one hormone class (Coombe

et a1.,196?; Clutterback and Briqgs,19?3) ; 3) the target tissue is

anatomically and physioloqically homogenous (Buttrose' 1963 ; Jones,

1968; Yomo and Varner,1g7l; Stevens, lg?3) ;4) it is a non-grouing,

non-photosynthetic, non-dividinq tissue {Yomo and Varner, 1971 ; Jones,

1g?3) ; S) the cells can be isolated free of other tissues and still

respond to GA (pa1eg,1964; Varnerr 1964) and, O) tne response of the

isolated aleurone tissue is independent of the addition of substrates

(eriggs, 19?3 ; Jones, 19?3). Furthermore, auxin in particular is

r¡it,hout effect (Briggs, 1965 ; Cleland and [YlcComb, 1965 ; Coombe

et aI., 196?) thereby circumventing the potential problem of uhether GA

is acting via auxin or acting independently.

gne of the easiest measureable responses of aleurone tissue to GA3

is the synthesis and secretion of o-amylase and because of this cr-

amylase is uidely used as a reference enzyme uhen studying the

biochemical events follorrling GAS application. Hou.lever, apart from

amylases ot,her acid hydrolases are also secreted from this tissue in

response to GA3r including proteases (Yomo, 1961 ; Briggs, 1965 i

Jacobsen and Varnerr 196?i Sundblom and fYlikola, 1972) ribonucleases
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(Chrispeels and Varner, 196? ; Bennett and Chrispeels, 19?1), glucanases

(Macleod and fvlillar, 1962 ; Tai,z and Jones, 19?0 ; Jones, 19?1 ),

hexosidases (Poltard, 1969) and nucleosidases (Shust,er and

Gifford,1962).

The synthesis and ¡elease of o -amylase foll-ouing GA3 application to

aleurone layers generally occurs after a characteristic lag period of

4-B hours in both barley and r¡heat (Chrispeels and Varner, 1967 i

Gooduin and Carr t 19'72a; Gibson and Paleg, 1982). As a-amylase is a

hydrolase, and because of the initiatory action of GA3, it uas earlier

suggested that the enzyme might either be a proenzyme (Paleq, 1960) or a

pre-formed enzyme located in membrane-bound lysosomes (t{acleod and

Millar, 1962). Inhibition of' the synthesis of c-amylase both by

anaerobiosis and protein synthesis inhibitors (Briggs,1965 ;

Varner' 1964 ; Macleod, 1963 ; Paleg, 1964 i Varner and

Schidlovsky, 1963) led to the suggestion that the enzyme may arise by

de novo synthesis. fnco¡poration studies using 14C-aIgaI protein

hydrolysates (Ariqqs,1963) and 1-phenyJ-alanine-14C (Varner and

Ramchandra, 1964) indicated that much of the protein secreted from GA¡-

treated aleurone tissue arose by protein synthesis. Purification of

c -amyJ-ase from tissue treated rrrit,h GA3 and radioactive amino acids on

DEAE-cellulose, and subsequent tryptic digestion of the radioactive

o amylase peak, indicated that al-I but tuo of the resulting peptides

urere radioactive, thus giving firm support to the idea of de novo

synthesis of GA3-induced c-amylase (Varner and Ramchandra, 1964). fYlore

evidence to support this vier,l comes from experiments using the density

Iabelling technique (Filner and Varner, 196?). The ci-amylase produced in

tissue treated trlith GA3 , 1âC-Lysine and H2160 rrras highty purified and
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used as a marker. Crude o-amylase obtained from aleurone tissue treat,ed

ulith GA¡ and H2180 uas mixed r¡ith a trace of the 14C* amylase and

subjected to isopycnic cent,rifugation in a cesium chloride density

gradient. Filner and Varner concluded that virtually all of the enzyme

uas synthesized de novo.

2. Mechanism of action of gibberellins

The GA3-induced initiation and control of cr -amylase synthesis in

the cereal aleurone tissue, and the diversity of other responses to GA3

shouln by plant tissues, sparked an era of intense research activity

di¡ected tor¡ards elucidating the mechanism of action of GA3. Naturall-yr

due to reasons mentioned above, the aleurone syétem uas the one most

extensiveJ-y employed. Several theories of GA3 action have emerged as a

result. This section of the introduction, t,hus, is an assessment of

these theories of GA3 action and it is þrobably a fair summary to say

that our knorrrledge of the primary events invol-ved in GA 3 action is still

very sJ-ight (Kende and Gardner, 19?6).

2.1 GAg effect on the cell r¡all

Hormones, like auxins oI gibberellins, u¡hich enhance cell

enlargement, must either directly or indirectly affect ceII

extensibility. This effect prompted the.suggestion that perhaps the cell

r¡all ulas the primary site of GA3 action. Cleland et al., (1968) found

that GA3 caused cell elongation uithout inducing cell r¡all plasticiza-
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tion. They suggested that GA3 promoted grorrrth by causing an increase in

the osmotic concentration of cells in the grouinq region' Houevet,

increases in osmolarity ulere shourn not to induce grorrrth in Auerta stem

segments. (Adams et aI., 1g?3). Furthermore, treatment of Auena stem

segments ulith GAS greatly increased internodal ptasticit'yr but had

virtuall-y no effect on internodal elasticity (Adams et al., 19?5)'

There are no measurable differences in the composition or structure

of ceII tualLs during grourth of the internodes ulith or r¡ithout GA¡

(Albersheim et al. , 1977). Similarly, there are no significant

differences betueen cell r¡alls that are grouing rapidly in response to

GA3, and ones that are grouinq sì-otrly (Albersheim et al. , 19??) ' AII

that is required for ceII expansion to take p1ace, is synthesis of neu

cell uall material and its incorporation into the uaII. This involves

breaking and reforming of bonds in order to insert the neui material Ínto

the ulall. It seems unlikely that a single hydrolase u¡ould be the r¡all

loosening factor. For example, cellulase ulas able to increase urall

extensibility, but did not cause any uall extension i,n Aueno coleoptile

sections (Ua¿a et a1., 1968 ; Ruesiuk, 1969). Also, cellulase in pea

epicotyls is concentrated in regions of celt division rather than ceII

elongation (tïaclachlan et, aI., 1g?0). Iaiz and Jones (tSZO) have

demonstrated an enhanced release of ß -1 r3-glucanase from barley aleurone

Iayers in response to GA3 treatment. They suggested that glucanase

produced by aleurone cells uras responsible for the observed cell r¡all

digestion. GA¡ uras also shoun to stimulate activities of

endo4 -1 r4-xylanase, Ê -xytopyranosidase and a -arabinofuranosidase, but

had no effect on cellulase activity (Taiz and Honigmanr 19?6). Thus, it

Ís very likely that several hydrolases are involved in the process of
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ùJaII loosening, and these may vary from tissue to tissue. Other studies

uith GA¡ action in lettuce hypocotyl sections, ulhere the response ís

entirely confined to cell elongation, have indicated that an increase in

ceII extensibility occurred on exposure to GA3 (Sift and Jones' 1975 t

Stuart and Jones , 1977 ; Stuart et al- ., 197?), but the nature of the

r¡a1l-softening process uas not determined. Hotr;ever, the distribution of

3H-GA, amongst sub-cellul-ar fraction from lettuce hypocotyl sections uas

examined by different,ial centrifugation (Stoddart, 1g?g). MaLerial-

pelleting at 2000q (ZXp) accounted for 2-5% of the total tissue

radioactivity and no other significant interactions ulere detected. The

2Kp fraction uras found to consist mainly of ceLl-ulall material

(Stoodart, 1 9?9).

gverallr if the process of ceII r¡aII-Ioosening constitutes the

mechanism of action of GA3, then it urill have to be confined to systems

ulhe¡e the ultimate response to GA3 appears to be reLated to r¡aÌl-

softening.

2.2 Transcriptional Control : Analogies r¡lith anirnal steroid hormones

Gibberellins, plant sterols and animal steroid hormones have close

structural relationships and al-I are products of the terpenoid pathuay

(Heftmann, 1963). The structural similarities have prompted suqgest,ions

that the gibberellins may have a mode of action r¡hich resembles that, of

animal steroid hormones. fn order to examine this possibitity it is

necessary t,o outl-ine briefly current vieus on steroid hormone action.
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2.2.1 Steroid hormones

Specific receptors are the key elements in the mechanisms of action

of animal steroid hormones. The recept,ors are soluble cytoplasmic

proteins u¡ith a sedimentation coefficient of approximately 45 (Ca 90'000

molecular ueight) and are recoverable as an BS dimeric complex in cell

extracts (GoreII et aI. , 1972 ; Sica et at., 19?3). These receptors,

complex r¡ith the hormone and migrate to and across the nuclear membrane.

lJithin the nucleus, the hormone/receptor complex becomes associated uith

the chromosome by means of a tr¡o-point attachment to chromatin and non-

histone protein. This association results in the expression of neuJ

genet,ic information. Receptor protein is present in all somatic cells

but the level is greatly enhanced in target tissues. Radioactive hormone

can be recovered in both the cytosol (hormone/receptor complex) and

nuclear (chromatin/receptor complex) fractions, (0ffvlalley and Means,

1974).

2.2.2 Gibberellins

To r¡lhat extent can the steroid system, or elements of itt be

applied to the action of gibberellins on plant tissues. There is really

no firm evidence from plants u¡hich r¡ould al-Ioul any sort of meaningful

overal-I conclusion on this question

Firstlyr the existence of specific receptor proteins for

gibberellins in the plant ceII cytoplasm has been investigated. The

search for such receptors uJas made possible by the synthesis of
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gibberellins r¡ith high specific radioactivity. For example , (1 rZ-3H)-CAt

at 40-50 Ci/mmol ulas used to probe the existence of specific receptor

proteins in dark-groun pea epicotyls. Epicotyl sections, fed ulith

Iabelled GAt or GA5, concentrated radioactivity in the grouring hook

region of the epicotyl and irradiation uit,h red light, ulhich decreases

sensitivity to exogenous GA, greatly reduces the extent of accumulation

(pitef and Vining, 19?0 ; Nadeau and Rappaport, 19?4 ; fYlusgrave

et al.r 1969). Stoddard et, al., (tSZ4) det,ected associations betureen GA1

and soluble macromolecular components in extracts of the epicotyl hook.

Using similar methods, Konjevic et al., (tSZO) have reported bindinq of

1 C-GA¡ to epicotyl extract components excluded by Sephadex G-10.

Are such associations significant? Cell fractionation after

feeding ulith labelted GA usually results in the recovery of significant

amounts of radioactivity in al-I the major particulate fractions, and

thÍs binding is saturable only at high GA levels (Kende and Gardner,

19?6). Animal- hormones act at extremely loul concentrat,ions uhere as GA

gives an increasing grorrlth response over an extended concentration

range; perhaps as much as five orders of magnitude of molarity. Thus' as

Kende and Gardner (1SZO) have suggested, it may be more realistic to

Iook for sub-celIular interactions r¡hich have the capacity to accept GA

over a similar span. A further difficulty is raised by the failure to

demonstrate binding effects in uiltzo using equilibrium dialysis in a

manner analogous to that employed in animal receptor studies (Stoddart,

1 s?s).

lYlany studies have demonstrated the influence of gibbeirellins on the

rate of transcription. A ctearly defined GA3-induced change in aleurone
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¡¡RNA in a cell-free syst,em from u¡heat embryos uJas shoun to occu1.

(Higqins et a1., 19?6). The amount of translatable mRNA for amylase

began to increase betuleen 2-3 hours aft,er GA3 treatment, and over the

first 1 2 hours Lhe level of mRNA correlated uell r¡ith the in uiuo rate

of amylase synthesis. This rise in mRNA could, houlevet' occu¡ as a

result of enhanced synthesis, activation of some pre-existinq form of

RNA, or a decrease in the rate of mRNA breakdouln and more than one of

these possibilities may be involved. For example, GA3 may be involved in

the rcappingt of mRNA ulhich has been stored in an tuncappedr form.

rCappingt of mRNA has been observed in plants (Kennedy and Laner lg?5),

and may be necessary to activate the mRNA for translation.

Much of the evidence for involvement of specific mRNA synthesis in

GÁ3-induced responses rests on results obtained using metabolic

inhibitors. Varner and Chandra (1964) used inhibitors of RNA and protein

synthesis and concluded that GA3 caused production of specific mRNArs,

thereby controlling the synthesis of c -amylase.

Houlever, many of these inhibitors may be non-specific in their

effects (Honig and Rabinovitz' 1965 ; Laszlo et a1.' 1966 ; Ellis and

MacDonald, 19?0). This necessitates extreme caution in the

interpretation of such results and may ulell lead to false conclusion.

Thompson and Cleland (lglZ), using DNA/RNA hybridization techniques,

shoured that GA¡ ulas able to induce stem grouth in dularf pea Pi.sutn

¿af)uun rrlithout causing detectable changes in hybridizable RNA. Jones

and Chen (1g?6) have applied immunohistochemical techniques to sections

of barley aleurone layers and have shor¡n that a -amylase-specific

Ímmunofluorescence is localized in the perinuclear region. They have
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al-so noted t,hat GA-stimulated proliferation of ER tends to be similarly

concentrated. These data, houever, give support to the case of GA-

stimulated a -amylase synthesis being dependent upon RNA export from the

nucleus, but provide no evidence that this is a primary l.esponse of the

tissue to the hormone.

Overallr thereforer it

mechanism exists in Plants.

present and there is Iittle evidence for accumulation of hormone in the

nucleus.

2.3 Post-transcriptional site of GA action : Translation

The possibility of translational control of protein synthesis by

GA3 has also been studied. In barley al.eurone tissue, the formation of

polysomes uras ¡epolted after a lag period of 3-4 hours (Evins ' 1971 t

Evins and Varner, 1972). ABA inhibited GA3-induced polysome formation

and a -amylase synthesis, suggesting that polysome formation could be a

pre-requisite for the synthesis of hydrolyzing enzymes (Evins and

varner, 1g?2). In r¡heat embryos, also, GA3 control of protein synthesis

appeared to be at the translational leveL (Cnen and gsborne, 19?0).

Houever, Iater r¡ork on ulheat (Varty and Laidman, 197?) and barJ-ey

(Jacobsen and Zuar, 1974) aleurone tissue demonstrated littte oD no

stimulation of rRNA synthesis and no stimulat,ion of total RNA content in

response to GA3 treatment. Furthermore, rRNA and |RNA synthesis is

unnecessary for normal amylase induction (Jacobsen and Zular, 1g?4) '

is conjectural uhether a steroid type of

Cytosol receptors maY, or may not, be
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For all GA3 responses RNA synthesis is probably required for the

continued expression of the response in the medium to long term'

Atthough much informat,ion has accumul-ated regarding hormone-induced

changes in RNA metabolism the crucial question, as to r¡lhether RNA

metabolism is involved in the initiation or the perpetuation of the

response, remains unansr¡ered. A good example to ill-ustrate this point is

the finding that in Auena stem segments, protein synthesis is required

for GA3-promoted grorrlth and invertase activity (Kaufman et al', 1968)'

Houlever, GA3-enhanced groulth occurs before invertase activit'y increases

(Kaufman et al., 19?3), suggesting that the intial effect of GA3 is not

on enzyme synthesisr but rather enzyme synthesis is required for

continued grourth of the segment. This problem of cause and effect exists

r¡hether studying DNA synthesis, RNA synthesis, or enzyme synthesis in

response to treatment ulith GA3.

2.4 Flembranes : Site of GA3 action

The physical intervention of membrane systems betueen the origin of

hormonal signals and cellular responses to these signals has prompted

speculation that membranes may be the primary targets for hormone-

initÍated events. Evidence linking phytohormones urith membranes has been

obtained from hormone-bindinq studies ulith particulate cell fractions

(venis, 1977 ; Lambr 19?B ; Hertel-, 1979) and from studies of their

effects on the physical properties of natural and model membranes (Kende

and Garderner, 19?6 ; Treuavas, 1976). fYlembrane-hormone interactions

have also been inferred from studies of ion fluxes across membranes

(Nelles, 19?3 ; fYlarre, 1977 , Higgins and Jacobsenr 19?8), and various



theories for hormone action based on an initial alteration ot

more membrane properties have been proposed (fvlorre and Chepy,

Marrer 19?9 ; Treulavas, 19?9).

I4

one o1

1976 t

Membrane composition displays an almost infinite variability from

tissue to tissue, betueen organelles¡ betueen species and at different

ages of the tissue. Further, it has the potential of being modulat'ed by

environmental conditions. Not only is there possibility for variation in

the proportions of the main components of membranes to one another (i"'

phospholipid:sterol:protein), but there is also scope for diversi.ty

ulithin the phospholipid fraction depending on the natu¡e and amounts of

fatty acids and the nature of the polar head groups. These properties of

the membrane components offer adequate scope to encompass the required

degrees of specificity to distinguish betueen one molecular species of

hormone and another, and even betr¡een different hormones of the same

general structural configuration (LJood and Paleg, 1974 ; Pauls et aI. '

1s82).

In vier¡ of the diversity of responses of plant tissues to GA3' as

detailed abover the question needs to be asked; is the site of hormone

action for these many and varied responses the same in each case? The

ansurer to this question is not, clear yet, but, certainly if this r.rlere the

case, one could probably require a receptor ulhich r,las flexible enough to

be altered in configuration by environmental conditions, stage of

development of the plant oI cell, other hormones and regulating

compounds, and any other factors r¡hich influenced the activity of GA3 in

a particular situation. Alsor the receptor site must achieve and
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maintain a high degree of specificit,y uhen in its receptive state. As ue

have already seetìr membranes are likely candidates for this role.

Further, since hormones are synt,hesized at a point remote from their

site of action, it seems inescapable that in reaching a site of action,

membranes uould be traversed. At the targetr the hormone uould penetrate

the membrane either passively or actively, or it may bind to a portion

of the membrane, hence, initiating its response. Thus, a membrane

hypothesis r¡ould also be feasible in terms of t'he timing of the

response.

There ale several- possible uays in uhich GA3 could act on a

membrane in order to bring about a physiological response. Broadly

speaking, the hormone may alter the membrane compÇsition o¡ the membrane

structurer or both. Compositional alteraLion may be brought about by

changing the ratios of phospholipid:sterol:proteinr oI by chanqing

individual phospholipids, sterols and proteins into ner¡ or diffe¡ent

species ("g. by changing the fatty acid profiles of phospholipids).

llembrane structure could thus be changed, altering fluidity oI

permeability by the presence of GA3 Ín the lipid matrix.

GA3-induced changes in membrane composition2.4.1

Evidence indicating that the primary events after GA3 treatment are

to do uith the synthesis of neul membrane components¡ emanates mainly

from studies u¡ith the barley aleurone layer. In barley aleurone cellst

GA3 treatment initiated an increased rate of ER synthesis as measured by

14c-"holin" incorportion into phospholipids (Evins and Varner, 1g?1).
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This increase began about 4 hours after treatment, and after 10 hours

GA3 enhancement uas 4-B times that of cont,rol. A similar GA3 effect uas

found for total cellular phospholipids r,rhen 32Pi t'las employed as a more

general tag for phospholipid labellinq (Koehler and Varnet, 19?3).

Johnson and Kende (tSZt ) and Ben-Tal and Varnet (tSZa) pursued this

idea by examining the effects of GA3 on three enzymes of a phospholipid-

synthesizing pathrrlay. The first enZlrIìE¡ choline kinase¡ ulãs unaffected

by the treatment, but the other two, phosphorylcholine-cytidyl

transferase and phosphorylcholine-glyceride transfetase, increased

markedly in the presence of GA3. After 2 hours of hormone treatment,

both enzyme activities uere tSg9( of controls. Houever, as evidence for

the GA¡ stimutation of phospholipid synthesis has been derived from

subcellular fractionation experiments t¡here in ui-l-no enzyme actions

could influence resultsr and since the phospholipid extraction

procedures used uJere tiabte to yield contaminat'ed samples, the

conclusion de¡ived from these experiments on barlgY are suspect'

Furthermore, the evidence for a GA3 stimulation of phosphoryl choline-

glyceride transferase activity in membrane fractions from barley is also

very tenuous because the 1 t 2-di-gLyceride substrate in the assay is

itsetf derived from the membrane. The concentration of the substrate

uJas, consequently¡ not under experimental control. Indeedt GA¡

stimulation of 1, 2-diglyceride synthesis has been reported uliLh both

barley (firn and Kende, 1974) and urheat (Varty, 19?5) aleurone tissue

and this r¡ould profoundly influence the phosphorylcholine-glyceride

transferase assay.

More recently, studies on r¡heat aleurone tissue failed to shoul any

control of phospholipid synthesis or ER formation by GA3 (mirbahar and
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Laidman, 1982 ; varty and Laidmanr 19?6 ; Laidman et al., 19?4)'

Furthermore, varty and Laidman (tszo) demonstrated that phospholipid

synthesis in uheat aleurone tissue uas induced by imbibition and the

rate of synthesis r¡as unaffected by GA3. Ultrastructural studies carried

out on the r¡heat al-eurone tissue also failed to shoun any role of GA3 on

ER formation (Laidman @.r 1974, Colborne et al.' 19?6). Considering

the results t¡ith both r¡heat and barley tissue it seems reasonable to

conclude that the involvement of GA3 in phospholipid synthesis in

aleurone tissue remains to be clarified. Further evidence contrary to

the vier¡ that GA3 might be manifesting its action via an alteration in

membrane composition comes from the recent r'lork of Jusaitis et aI.'

(tSetU, 1gB2). They used stem segments isolated from Auena ¿aLiuo plants

to explore the mechanism and mode of action of GA3. Although prolonged

treatment of oat plants rrlith GA3 produced marked changes in phospholipid

and sterol composition of stem segments, these changes did not alrriays

accompany the GA3-induced groulth response of the segments. Treatment of

stem segments u:ith GA3 for only 20 hours produced a significant grorrlth

response r¡lith little or no effect on lipid composition, suggestinq that

neither the mechanism nor the mode (at least in the short term) of

hormone action in thÍs system involves an alteration of lipid (membrane)

composition.

The suggestion that GAS might be affecting thè other major

component of membranes viz ; sterols is also not ulell supported'

Treatment of so!øun xantÁ.ocuzFum tissue cultures r¡ith a mixture of

kinetin and GA3 caused no appleciable change in the steroidal content

(HeUte et a1., 1971). Free sterols of peanut (nn""lri¿ hgpogaza) uJere

altered by treatment uith an auxin or GAs (ttate .Ül.. , 197?) ' The
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concentration (uq/*q lipid) of free sterol decreased in the stems'

increased in roots and pods, and remained unchanged in the leaves'

changes in sterol concentration ulere greater for GA3 than for auxin-

treated plants. AIt of these effects could have been the result of

effects of the hormones on translocation, differential hydrolysis of

stored substrates, or on synthesis. In additionr extractions uJere

performed 5 days after treatment r¡as initiated, and it is probable that

the initial action of the hormone rrlould have taken place r¡ell before

this time.

2.4.2 GA3-induced changes in membrane structure/properties

The possibility that the biological effects of GA3 may be t'he

consequence of an interaction of GA3 t¡ith membrane components and

subsequent modulation of the physical properties of t'he lipid bilayer

has also been suggested.

2.4.2.1 Effects of GA3 on artificial membrane systems

Interaction of GA3 rrlith plant memb¡ane components has been directly

investigated by ldood and Paleg (SlZ, 1974)¡ usinq artificial membrane

micelles derived from crude soya bean lecithin (phospholipid). ffre model

uas based upon the ability of phospholipids to become arranged in self-

ordered concentric membrane st¡uctures (tiposomes) r¡hen dispersed in

aqueous media (Bangham et al.r 1965). Some of the permeability

properties of these aqueous suspensions of phospholipids are similar to
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some of the important permeabilit,y properties of biological membranes-

(Sessa and geissman, 1968). The liposomes, thus represent an a¡tificial

or model membrane.

ùJood and Paleq (lSlZ) demonstrated that, GA¡ influenced the

permeability of model membranes composed of plant constituents- The

hormone increased permeability of liposomes to glucose and chromate ions

(üJood É_4. , 1972) and the alterations in permeability induced by GA¡

u.rere not mediated by enzymes, did not involve carrier systems, and did

not depend on the presence of charges on the permeating molecules (LJood

and Palegr 1972). The specificity of this particular system ulas lour,

since diet,hylstilbestrol, GAB and IAA urere also able to affect the

Iiposomes. .

Furt,her, it uras shoun that crude lecithin liposomes ulere more

responsive to the GA3-induced increa'se in permeability than the

liposomes prepared from purified phospholipid fractions. It is thus

possible that the GA3 response of the crude lecit,hin liposomes related

to some unidentified component not present in the purified phospholipid

preparations; an explanation r¡¡hich UJood and Paleg (lSlZ) fint r¡ithithe

observation that such liposomes have high initial leakage rates r¡hich

may mask or preclude a subsequent hormonal response. The possibility

that a non-phospholipid impurity may be responsible fo¡ the observed

effects on permeability can, hotr;evet, be dismissed on the grounds that

steroids also elicit a similar leakage response. Ef.fects on permeabilit'y

elicited by steroid hormones in similar preparations have been described

by Bangham gqa,!., (1SOS) and lJeissman et al., (tsos). In animal systems
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pharmacologically active steroids have been shourn to affect the

membranes of lysosomes, erythrocytes, and mitochondtia, causing visible

disruption of the organelle surface in many instances. These effects

urere distinguished from those caused by Triton X-1 00 and digitonin by

electron microscope studies which indicated that the surfactants caused

complete disruption of the liposome micelles uhilst the steroids did not

( DeDuve and ùJattiaux, 1 966 ; Blecher and l/hite , 1 960 ) . lYludd and

Kleinschmidt (tSZO) have. shourn that t,he 3S-carbon poJ.yene antibiotic,

filipinr isolated from SttzzpLonUce-s gn)zeu's, greatly enhances the efflux

of betacyanin from discs of red beet and that, this process occurred

ulithout any apparent, ultrastructurat change in either the tonoplasL or

plasmal-emma.

There is evidence, therefore, that GA3 and other compounds can

affect the permeabiJ-ity of liposomal membranes uithout necessarily

causing the type of totaL disruption characteristic of deterqents. ttJhat

are the possible molecular bases for such an action.

Phospholipid/cholesterol- structures tend to have a highly ordered

apangement based upon the regularity of bonding or charge interactions

betr¡een arrays of similar molecules (Singer, 1974). uillme¡ (tSOt) has

suggested that the insertion of dissimilar molecules (such as steroids

or gibberellins) into such a matrix would result in discontinuities.

These could have effects on the permeability properties of the membrane.

Such changes in membrane fluidity, and its attendant alterations of

membrane - associated processes, provide an attractive possibility as to

hor¡ GA¡ is able to invoke an ampJ-ified response at characteristically

loul concentrations. t/ood et al., (tgZA) found a significant perturbation

of phosphotipid bilayers uhen treated r¡ith a maximum moLe ratio of GAS
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to lipid of 1:100. Each molecule undergoing a change in fluidity affects

those molecules in its immediate neighbourhood due to the phenomena of

conformational cooperativity (Rothman, 19?3), and a single molecule may

thus influence a domain of 20 molecules or an area of ¿rOO ñ2 of membrane

(Ujood et aI. , 1974).

Kende and Gardner (tSZO) have draun attention to the parallels

betueen plant responses to GA3 and the olfactory lesponse in animals. In

both instances the effect I is evident ovel' several orders of

concentrations and also diverges from fvlichael-is-Menten saturation

kinetics at the higher end of the range. The olfactory plocess is

explained in terms of the stimulating compound partitioning into an

epithelial membrane (fvlozell, 19?0 ; fvlozell and Jagodouricz, 1973) and the

response occuping uhen a molecule desorbs from the membrane leaving a

rrholerr or ionophore through r¡hich ions can pass to initiate nervous

impulses. There is, thus, the possibtitity of a clear parallel r¡ith the

changes in solute flor¡ observed in the lecithin liposome/GA3 system

described by UJood and Paleg (gzZ, 19?4)-

llhat is the nature of the association of GA3 urith the liposomal

membrane? ùJood et aI.' (tSZa) have studied this problem using proton

magnet,ic tesonance spectroscopy. Solutions of phosphàtidyt choline

(Iecithin) in deuterochloroformr shor¡ed identifiable resonances for the

NrNrN-trimethylamino group and olefinic portions. Complex envelops of

signals associated r¡ith -(CHZ)¡-and-CH-0-protons urere also obsenved. In

the presence of GA3 there uras a proportional shift of t,he trimethylamino

group resonance tor¡ards higher magnetic field. The authors interpreted



these changes as being a consequence of an electrostatic

betueen the cationic t,rimethylamine gloup of lecithin and the

group of GA3:

22

at,traction

carboxyl

Lecit,hin + GA3 + Complex

As the observed shifts occurred in a deuterochloroform environment

the conclusions cannot be extrapolated to the aqueous state. They alet

nevertheless, suggestive of an association of GA3 rrrith a basic membrane

component in the liposome.

Furthe¡ evidence demonstrating that gibberellins can influence

membrane behaviour by modulatinq its physical properties, comes from a

recent uork of Pauls et aI., (tSgZ). Differential scanninq calorimetry

and electron spin resonance uere used to characterize the association of

a GA4 and GA7 mixture rrlit,h phospholipid membranes. The GA4/GA7 mixture

louered the temperature and reduced the co-operativity of the main phase

transition of liposomes prepared from dipalmitoyl phosphatidylcholine

(OppC), distearyl phosphatidytcholine (OSpC) dipalmitoyl phosphatidyl

glycerol (OppC), and eliminated the pretransition. The reduction in co-

operativity of the main transition uras not accompanied by a reduction in

transition enthalpy, indicating that the gibbere.l-lins simply perturb the

bilayer rather than complex r¡ith the phospholipid molecules. The

negatively charged DPPG u¡as less susceptible to perturbation than t'he

Zr¡itterionic phosphatidylcholines. fYlore importantly' perturbations by
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GA a physiologically ine¡t gibberellin, uas virtually imperceptible.
8'

Electron spin resonance of CAO/GA, - treated liposomes of

choline and phosphatidyl glycerol confirmed the results

differential scanning calorimetery.

phosphat,idyl

obtained by

2.4.2.2 Effects of GAa on natural membranes

GA¡ - induced changes in membrane properties have been reported in

natural systems. Gibson and Pa1eg (tSZ0) purified lysosomes from urheat

aleurone cells treated urith GA-, and observed an altered permeability of

the lysosomal membranes (Gibson and Paleg , 197?). Temperature-dependent

leakage of lysosomal enzyme uas a function of the GAa concentration used

to treat, the tissue. Althouqh it uas not tl"u" if this uras a result of a

physical or compositional change in the lysosomal membrane, the altered

thermal behaviour suggested that membranes produced in aleurone tissue

treated uith high GAa concentration uiere more flexible and more fluid at

any given temperature than membranes formed in response to louer GA¡

concentrations (CiUson and Paleg, 1977).

Further evidence for a direct action of GA- at the membrane uras

found by NelÌes (lglZa) uho demonstrated that the plasma membrane

permeabilit,y ratio of sodium:potassium of dr¡arf corn coleoptile cells is

decreased by GAa during the first 15 minutes after application. The

membrane potent,ial difference uras increased r¡ithin a feu minutes of GA¡

applicat,ion (NeDes, 19??b). A direct action of GA= on the membranes uras

also suggested by the r¡ork of Neumann and Janossy (1g??arU). In an

electron microprobe study they found that GA- could influence ion ratios

in plastids, cytoplasm and vacuol-es of duarf maize r¡ith no appreciable

lag-time. Broulning and Saunders (lTll) demonstrated tr¡o fractions of
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extractable gibberellins located r¡ithin uheat chloroplast membranesr one

released from the membranes by methanol, the other by Triton. They

suggested that the T¡iton-extractable gibberellins urere intimately

associated r¡ith non-polar proteins or other molecules located r¡ithin

rather than on the periphery of the membrane.

overall, the idea that GAa action is concerned ulith membrane

properties and t,hat the primary action site is also membrane-located has

many attractions. It fits r¡eII uith the kinetic data for lesponse'

provides possible explanations for the diversit,y of type and timing of

response, sugçests r,Jhy intensive efforts to isolate soluble receptor

proteins may have faited, and maintains a reasonable analogy uith

aspects of steroid hormone action in anirnal systems.

3. Lorrl temperature : A useful tool to modulate membrane lipid

composition, structure and function

Studies on the relation betureen lipid structure and membrane

function have depended on the correlation betueen a measured enzyme or

physiological function and the molecular ordering or ftuidity of

membtane lipids in response to changes induced by some external

variable. The most uidely used variables altering membrane lipid

fluidity are lipid composition and temperature. The lipid composition of

bacteria and animals may be changed by diet' or by altering groutþ

temperature. uith plants it is more difficult to alter membtane lipid

composition by diet. Thus, changing temperatures¡ in particular lou¡

temperature, is by far the most common variable used to alter plant

membrane lipids.
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It has been pointed out above that there is a possibility of the

biological effects of GA- being a consequence of interaction of GAa trlith

membrane components and the consequent modulat,ion of the physical

properties of the lipid bilayer. Therefore' any changes in the membrane

components could also be reflected as an altered physiological response

of the syt,em to GA-. In fact such a situation has been shoun to exist in

Aueno stem segments (Jusaitis et aI., 1982), uhere alterations in the

membrane phospholipids and sterols, brought about by lotl temperaturet

changed the GA= response of the tissue.

The next part of the introduction thus deals r¡ith the chanqes in

membrane composition, structure and function induced by lou tempetature.

The interaction of lor¡ temperature and GAa responses of natural systems

ulill also be discussed.

3.1 Lotrr temperature effects on membrane composition

The membrane can be divided into three major constituents ; acyl

lipids (predominantly phospholipids and galactolipids)¡ proteins and

sterols. The effect of lor¡ temperatures on each of these components r¡ill

be discussed in turn.

3.1 .1 Acyl Lipids

A large body of evidence suggests that in the membrane systems of

many plants and ectothermic organisms, the degree of unsaturation of

fatty acids is in some manner controlled by the environmental

temperature. De La Roche et al. , (ISZZ) demonstrated that rrlheat

seedlings grouJn at a louer temperature synthesize much larger amounts of
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phospholipids than those grourn aL 24oC. Seedlings grourn at 2oC exhibited

a higher degree of unsaturation of membrane phospholipids than those at

ZAoC and the increase could be accounted for principalJ-y by an increase

in linolenic acid (te:¡) (Oe La Roche et aI., 1975 i ÙJillemotr 19?5'

19??). A simila¡ increase in 1B:3, accompanied by a decrease in the

Ievel of linoleic acid (lg¡Z) r¡as found in nine species of ulheat and one

of rye (Se.ea-!.¿ c-etzp.a^te) (Farkas 9! .I., 19?5) aften lou temperature

treatment. Similar trends have been observed in other cereal- grasses

(Redshar¡ and Zal-ik, 1968).

U1ilson and Crau¡ford (19?4) examined t,he effects of lor¡ temperature

on the fatty acid composition of the polar lipids of Ço's'sgpium l>i.n-¿u.t-¿u¿

and Pha¿e.olu.t uulgatzi-s. They 'observed an increase in the degree of

unsaturation of fatty acids associated r.,lith the phospholipid fraction'

uhile no effect on the fatty acid composition of the glycolipids u,as

observed. This increase in unsaturation of fatty acids during

acclimation to chilling temperatures has been observed in a broad range

of plants, including alfalfa (l\edicago .sa-t)::o) (Gerloff et aI., 1966 t

Grenier and LJillemotr 1g?4), Bna¿¿ica no/zu'; (Appelquist, 19?1 ) , I)num

Åpp,t ltø!)anÍlu't 'spp. (Canvin, 1965), Af-ntplex lznülo,zniz (Percy and

Strouse , 1974), Ç-taünz nax (Rivera and Penner, 1977), Anacystis

nidulans (Hotton et al., 1964) , Cgani-d)un ca(da'zum (Kleinschmidt and

fYlcMahon, 1970). The phenomenon is not restricted to higher plants but

has also been observed in microorganisms such as P¿etd.onona¿ lLrcn¿¿cz.n¿

(Cullen et aI., 19?1 ), Bctú-!-/u¿ ¿Le.attothe'zmoph)Aus (mcElhaney and

Souzar 19?6) , Clo¿l¡ü.d.u)m lufg'zicun (Khuller and Goldfine, 1974),

Teinohgnzno pgrL¿lonn¿'5 (U/underlich and Ronai, 1 g?5 ; Fukushima

et al.r 19?6), and non-plant systems such as crustacean plankton (Farkas

and Herodek, 1964), and Goldfish (Johnston and Roots, 1964 ; Caldu¡ell
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and Vernberg, 1970). It seems the exposure to a chronically cold

environment is invariably associat,ed ulith an increased degree of

unsaturation of the fatt,y acid chains of phospholipids andr in some

cases of galactolipids in photosynthetic membranes (Chapman

et at., lgBJ), and in a r¡ide variety of species at all levels of

biological organization. A lour temperature-induced stimulation of

phospholipid levels uithout, alterations in the degree of unsaturation of

thein fatty acids has also been. observed in some plant cases

(uittemot, 19?5 ; Horvath et aI., 1981).

3.1 .2 Sterols

Although sterols are important components of membranes (Demel- and

Dekruyff, 19?6 ; Grunuald, 19?0 ; Heftmannr 1g?1), there is a marked

paucity of literature shouing an effect of lotr.r temperature on sterol

biosynthesis and incorporation into membranes.

Trzi-t)cu¡n ap¿Liuun plants shifted from 10oC to 1oD experienced a general

decrease in sitostero.l-, stigmasterol and campesterol in shoot tissue,

ulith no significant change in cholesterol (DavÍs and Finkner, 1g?3). In

yeast cells, sterol synthesis is influenced by temperature (Hunter and

Rose, 1972)r the maximal rat,e of synthesis coinciding urith the optimal

temperature for grorrlth (Starr and Parks, 1962). DelaRoche (t SZg)

demonstrated a significant increase in the ratio of sitosterol to

stigmasterol in a total membrane f¡action of tuinter r¡heat seedlings

groun at 1oC. Jusaitis et aI., (1981a) reported that in Auena stem

segments, stigmast,erol decreased markedly urith temperature, ulhile the

sitosterol/stigmasterol ratio increased significant,ly.
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3.1.3 Proteins

Although considerabl-e r¡ork has been published on the effects of

freezing treatments on membrane-bound proteins (eq. Gusta and l/eiserr

19?2; Siminovitch et aI.,1968; Vigue and Oslund,19?4), vely little

has been done using chilling temperatures (i". temperatures above

freezing). Pomeroy et al., (tSZS) found no appreciable changes in the

levels of mitochondrial protein in uheat and rye seedlings grourn aL zoC

uhen compared ulith those grourn at 24oC. Huner and MacDor¡all (1SZO),

using the same pì-ants, demonstrated that no drastic changes in

chloroplast membrane polypept,ides occurred during grouth at lor¡

temperatures. Yamaki and Uritani (tg?3, 19?4a,b) in a series of papers

discussing the mechanism of chiltíng injury in suleet potato (IPonoea

haLatctt), suggested that, the protein moiety of rnitochondrial membranes

underu¡ent a reversible conformational- change in the early stage of

chitling treatment, urhich became irreversible r¡ith prolonged chilling.

They proposed that t,he membrane protein uas bound to tlre phospholipid by

hydrophobic bonds, and that these bonds urere broken by chilling

treatment¡ resulting in I cold-desaturation I r¡hich uras initially

reversible, but eventualJ-y became irreversible. A similar reduction of

hydrophobic forces uas suggested to occur during lorl temperature

vernalization of bolting-resistant plants (Lexander, 1975). Recently,

lor¡ temperature induced increases in lipid to protein ratios of pea

thalakoid membranes have been detected (Chapman et aI., 1983). This

increase has been postulated as one of the major factors r¡hich

contribute to regulation of fluidity in this particular membtane.

Indi¡ect changes in membrane-bound protein (enzyme) structure

activity brought about by l-ot¡r temperature-induced alterations

and

of
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membrane composition uill be discussed later in this revieu

(Introduction 3 Ã.2).

3.2 Changes in lipid structure at lor,l temperatures

ùJhat are the effects of lor¡ t,emperature-induced alterations in

memb¡ane composition upon the membrane lipid structure? Fluidity ulithin

the lipid bi]ayer is a central feature of the mosaic model of a

biological membrane, and maintaining this fluidity is essential for life

processes (Sinqer and Nicholson, 1g?2). The efl=ect of lou-temperature-

induced membrane alteration appears to be the maintenance of a

favourable fLuidity of the membrane in order to achieve optimal membrane

stability and function, regardless of the temperature. fYlembrane fluidity

is a function of many variables', including the nature of membrane lipids

(type of phospholipids, fatty acid chain length and degree of

unsaturation, head group and sterol type and content), temperature,

ulater content, presence of ions (especiatly divalent cations), and the

t,ota1 effects of protein-lipid interact,ions.

That the melting point of a particular fatty acid of specified

chain lengths is inversely propo¡tional to the degree of unsaturation is

a firmly established fact (Raison, 1980). In mixtures of palmitic and

linoleic o¡ linolenic acidsr ât-l increase of only SÍ in tne degree of

unsaturation reduces the melting point of the mixture by as much as 1 SoC

(Lyons and Asmundson, 1965 i Raison, 19?3). Small- increases in the

degree of unsaturation in membrane lipids of cold-treated organisms

could thus convert the membrane to a more ilfluidrr state. The increase in

fluidity results from the fact that unsaturated acyl chains have greater

kinetic motion and, thus, undergo co-operative motion and occupy a

greater area of the biì-ayer (enittips et aI., 19?0).
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An increase in the level of unsaturated fatty acids of membrane

Iipids has been observed in many plants exposed to lou.r temperatures, and

this ulas thought to be related to frost hardening and to be part of the

mechanism of avoiding freezing injury (Levitt, 1972). It trlas generally

assumed that such increases in lipid unsaturation r¡ould increase

memb¡ane fluidit,y, louer the temperature of order-disorder transitions

and allou physiotogical processes dependent upon a fluid lipid structure

to be maintained at louer temperatures. Houever, the uorks of

Siminovitch et aI., (1SZS) and Yoshida and Sakai (tSZ¡) gave rise to the

hypothesis that major changes in membrane lipid structure could also

arise from alterations in the position of esterification of unsaturated

fatty acids on the glycerol moiety of complex lipids. This ulould result

in a variation in inte¡- and intra-moLecuLar mixing of the acyl chains

r.¡lhich r¡ould alter the membrane f luidity (ptritf ips et aI . , 1 9?0 ) .

Recently, fTurata (tSe¡) demonstrated that this hypothesis might be true.

He found that the molecular composition of phosphatidyl glyceroLs from

chilling - sensitive and chilling - resistant plants exposed to loul

temperature uras responsible for imparting variable fluid characteristics

to the membranes in uhich they occurred.

Further, as lor¡ temperat,ure has also been shoun earlier to

stimulate synthesis of certain phospholipids in plants r¡ithout aJ.tering

their fatty acids the architectural differences betr¡een the polar head

groups of phosphatidyl cholines and phosphatidyL ethanolamines assume

significant roles in the development, of more fluid memb¡anes. (pnitti.ps

et al., 1972; Michaelson et a1.r 1974; Horvath et' aI., 1981).
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3.3 [Tlembrane functions affected by low temperature-induced changes in

membrane structure

3.3.1 Changes in membrane permeability

Alterations in tipid bilayer structure, of the sort discussed

above, can affect, bot,h passive diffusion and the active transport of

compounds through membranes.

3.3.1 .1 Passive diffusion

The permeability of liposomes prepared from synthetic lecit'hin has

provided useful data uhich help to explain functional changes in

membranes in terms of an alteration in bilayer structure. Rates of

permeation of electrolytes and non-electrolytes ulere found to be maximum

atr or near, the temperature of the transition ulhere fluid - and solid-

phase lipids co-exist, and decreased in both the gel and fluid phases

belou and above this temperature (gfok et aI.,19?6). Since the order -

disorder transition of tipids is accompanied by a decrease in the area

per moelcule, it ulas postulated that pores developed in the bilayer at

the transition temperature and the number and lifetime of these pores

u,as dependent upon the fatty acid chain lenqth of the lipids (gfot

et a1., 1 9?6) o .

llurata and Fork (tSZZ) demonstrated that the diffusion of ions

through thylakoid membranes is affected by the physical state of the

membtane lipids, and that this can be varied by altering the groulth

temperature of the plant. Nobel (lSZ4) found that the reflection

coefficientr a measure of the osmotic response of a solute compared to
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sucrose, for erythritol and glycerol uras temperature - dependent,

increasing t'lit,h decreasing temperature, ie. membranes becoming more

impermeabler for chilling - resisl,ant plants. For chloroplasts of

chilling - sensitive plants, houevet, the reflection coefficient

decreased greatly at the temperature of the order - disorder transition

of the membrane, about 12oC. Belou 12oC membrane of the chillinq

sensitive plant,s uere more permeable than those of chilling - resistant

plants (ruobet, 1974). The sr,lelling of chloroplasts of chilling

sensitive plantsr uhen plants are maintained in -.he liqht at lCoC

(Taylor and Craig, 19?1), is alsc consistent ulith an alteration in the

permeability propert,ies at tenperature near that of the order - disorder

transition. Thus, it is clear that lou temperature - induced changes in

membrane lipids can influence the pärmeability passive diffusion

properties of the cell membranes.

3.3.1 .2 Active transport

In assessing changes in the functionaL aspects of active transport

processes linked to st¡uct,ural changes in membtane lipids it is

necessary to distinguish betr¡een changes in the actual- mechanism of

transport and apparent changes in the rat,e because of an alteration in

the rate of ATP production. For example, Arrheni-us - type plots of the

rate of rubidium uptake and of respiration of excised corn roots shot¡

increases in slope belor¡ 10oC. In this case t,he change in Ea of

transport might be a reflection of a change in the Ea of respiration

(Carrey and Berry, 1g?8). In contrast, excised roots of barley (a

chitling-tolerant plant) shor¡ no increase in the Ea of respiration at

lor¡ temperatures, but t,he Ea for rubidium uptake increases belor¡ about

12oC (Carey and Berryr 19?B). Since the membrane lipids of chilling
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tolerant plants do not undergo any order - disorder transition in the

range of [oC - ¡OoC (Raison et al ,, 197?), the results sugqest that

temperature has a direct effect on the transport enzyme and that the

change in the Ea observed in both plants is not mediated by a change in

membrane lipid structure.

3.3.2 Changes in membrane-bound enzyme properties

In addit,ion to deterrnining barrier and permeab.rlit,y properties of

cells, membranes also provide an appropriate matrix for many membrane -

bound enzyme systems. Many enzymes have been shor¡n to have a specific

lipid requirement for optimal activity (Charnock et al., 1973 ; Eytan

and Racket, 1977 ; Farias 994., 1g?5)'and some require the membrane

to be in a fluid state (Kimelberg and Papahadjopoulos, 1972).

Phospholipids have been directly implicated both in supporting t'he

activity of enzymes and in restoring their maximum activit,ies

(Ha[inan, 1974 ; fïclYlurchie et aI., 1983).

Arrhenius plots of the activity of many membrane - bound enzymes

are usually bÍphasic, exhibiting one or more discontinuities in slope.

The slope of a particular portion of a curve represent,s the Ea of the

enzyme over that particular temperature range (Raison, 19?3). A change

in activation energy of the enzyme is usually explained as a consequence

of a thermal phase change in lipid components of the membranes

(mc$lasson and Raison, 1 973 ; Raison' 1974 ; Raison and

McMurchie, 1974)r and recently, also due to lipid - protein interactions

(McMurchie et aI., 1983).
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The temperature at r¡hich this abrupt chanqe in Ea of enzyme

activity occurs is largely dependent on membrane lipid composition' and

the degree of fatty acid unsaturation. This has been verified by studies

of thermal behaviour of membrane - bound enzymes in fatty acid

auxotrophic microorganisms (EsFahani et aI., 1972 ; DeKruyff

et aI. , 1973 ; Hsung et aI. , 1974). The abolition of a phase change in

mitochondrial succinate activity of hibernating squirrel

(ALet-tu¿ !.a-t-ena-¿-Ló) nas been observed by Raison and Lyons (t SZt ).

In plants, also, there is ample evidence of lot¡ temperature

induced membrane alterations affecting membrane - bound enzyme activity.

fvlitochondria of tuheat, plants groun at lot¡ temperatures showed marked

increased in fatty acid unsaturation, and this ùJas comelated uith

respiratory activity (mitter et aL.,1g?4; Pomeroy et ?L., 19?3). For a

number of plants the t,emperatures for the increase in Ea for succinate

oxidase activity of mitochondria and for the photo-reduction of NADP

from u¡ater, catalyzed by chLoroplasts, ale coincident uith the

temperatures for the change in the molecular ordering of the membrane

l-ipids detected by spin labelling (Lyons and Raison, 19?0 ; Raison

g!-4. , 1971 ; Shneyour et aI. ' 19?3 ; Chapman et aL., 19?9). For

membranes of chitling - toJ-erant plants, r¡hich do not exhibit changes in

molecular ordering of lipids, the Ea for reactions catalyzed by their

associated enzyme systems is constant betr¡een OoC anO 30?C (Lyons and

Raisonr lg?0; Shneyour et al.r 19?3). The increase in Ea of succinate

oxidase activity uas readily abolished by treating mitochondra of

chilling - sensitive plants uith detergents r¡hich abolish the phase

transition (Raison Eþ!. , 19?1). The changes in Ea urere, therefore,

considered a result of an alteration in the conformation of the active
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site induced by the changes in molecular ordering of membrane lipids

brought about by lorrl temperature.

3.4 Interaction betueen loul temperature exposure and GA- responses

There is ample evidence to indicate that there is a definite

interaction betueen the effects of lou temperature exposure of planÙ

systems, and their GAa response. An excellent example is the effect of

GAa on groulth of grasses at lorL¡ temperatures. Much of this ulork had been

aimed at increasing t,he grout,h of pasture species during periods of lou¡

temperature (r,linter, early spring) uhen groulth of the pasture is very

slou and vely little is available for st,ock to feed on. GA¡ is

successful in stimulating lour temperature. grorr-rth of Poa zpp. (Leben and

Barton, 1g5? t Leben et aI., 1959), Lo!)ttm spp. (tr/ittr¡er and Bukovac,

195?) , Pha-!-a.n),t ,spp. (Scu¡field and Bult, 1958 ; lJilliams and Arnold,

1964) , Pa¿pa-lun cLL!.ai.afuan (Lester and Carter, 19?0) , 1ngza âPP-

(Takahashi et al., 19?3).

Pangola grass (O¿giLan in cleuun!,etu) exposed t,o 1OoC night

temperatures had increased starch contents and decreased amylolytic

activities, dry r,reights, leaf areas and shoot lengths as compared r¡ith

control plants at 30oC night temperature (Karbassi et aI., 1 9?1 ).

Houever, GA¡ treatment of the 10oC plants reversed the effect,s of the

Ioul night temperaturee increasing starch-degrading enzyme activity ùo

the level found in 30oC untreated controls (Carter et aI., 19?3).

Applegate (t SSe) found the GA¡ sprayed onto the ornamental

Z)ntio e-tz.gans produced a greater percentage increase in st,em eJ-ongation

at louler grourth temperatures than at higher ones. Tomato (Lgcopetz':icon
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ucu¿prLttun) plants groun at lour soil temperature and treated uith GA¡

responded uith significant increases in stem length over and above

unt,reated plants at high soil temperature (Menhenett and t/areing, 1g?5).

flore evidence along these lines comes from the ulorks of Nakamura

and Shibaoka (tSeO) and Jusaitis et, aI., (tSAZ). Nakamura and Shibaoka

shoued that epicotyl seqments cut from azuki bean (V¿gna angula/Lb)

seedlings grourn al 27oC for 5 days and then treated at 1 soC for 2 days

displayed an increased response to GA= over epicotyl segments rrrhich did

not receive any 15oC treatment. Similarly, Jusaitis et al., found an

alteration of the grourth response of Auen¿ stem segments to GA= as a

result of lotr¡ temperature treatment.

In addition to the above mentioned GA- - Iotrl temperature

interactions, loul tempelature has been shot¡n to alter numerous other

physiological lesponses of plant tissues i responses in uhich the

involvement of GA- is probable, albeit not completely ð1""t. These are,

stratification of seeds, breaking of dormancy in buds of deciduous

trees, induction of flor¡er-bud opening, vernalization, flor¡er

initiation, sex determination of maize flouers, flotrler unfolding,

stimulation of spores or gametes in aì-gae, fungi and liverulorts. (Precht

et aI.r 1g?3 and references mentioned therein).

üJork carried out earlier by Jusaitis et aI., (tgg1arb, 1982), ulith

Aue¡tn stem segments uas strongly suggestive of a membrane based site of

GA¡ action and indicated that certain membrane lipid components uere

strongly comelated ulith the grorrlth response of Auenø stem segments to

GAS. The ulork embodied in this thesis examines the possibility of a

membrane-based site of GAa action using the more attractÍve aleurone
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system r¡hich is non-photosynthet,ic, non-meristamatic and non-groulin9.

Further, the possiblity that certain membrane lipid components might be

correlated r.r¡ith the GA¡ - response of the aleurone tissue uas also

examined.



II. MATERIALS AND METHODS

1. fibterials

1.1 Plant ltbterials

Seed material and their sources are listed belou.

Seed material (t/heat va¡iety) Source

38

Dr. Rod King' Division of

Plant Ind. CSIR0, Canberra.

Prof. C.J. DriscoLl, Dept. of

Agronomy LJaite AgricuÌtural

Research Inst. Adelaide.

Dr. fYlichael Gale' Plant Breed

Institute, Trumpington¡ Cam-

bridge.

Minister Dr.uarf and Tom Thumb

Tordo, Kite, Aroona, NaiNari 60r

0lympic and Halbred

Isogenic lines (FO) of a

fvlinister Dr¡arf x Capelle Desprez

Cross

a
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1.2 Chemicals and reagents

AIl chemical and reagents used ulere AR grade. Suppliers are listed

belour.

Amylose I Sigma Chemical Co., Missouri, U.S.A.

BASF 1 3.338 : BASF Aktiengesellschaft' FR6

Berberine hydrochloride : Sigma Chemical Co. , lYlissouri, U. S. A.

a -Cholestane Sigma Chemical Co., Missouri, U.S.A.

Cholesterol British Drug houses, Poole' EngJ-and.

Cholesterol linoleat,e Eastman Kodak Chemical Co., Neul York,

U.S. A.

DEGS (15f ) on Chromosorb lJ-Au :

(ao/loo mesh)

Diclofop-wlethyl

Alltech Associatesr Ner¡ South lJa1es,

Australia.

Hoechst Ltd.' Frankfurt.

Applied Science Laboratories, Penn-

sylvania, U.S.A

Fatty acid standards (methyl

esters) for G.L.C.

GA¡ : Abbot Chemicals' U.S.A.



Gaschrom-Q

Gammexane

HMDS

Lanosterol

Methyl Heptadecanoate

0v-1 01

Phospholipid Standards for

TLC

Sephadex G25

Silica Gel G

Silicic acid

/+O

Applied Science Laboratories' Penn-

sylvaniar U.S.A.

: Agchem Ltd.r Adelaide.

Applied Science Laborat,ories, Penn-

sylvania, U.S.A.

Mánn Research Laboratories, N.Y.,

u.s. A.

Apptied Science Laboratories, Penn-

sylvania, U.S.A.

Applied Science Laboratoriesr Penn-

slvania, U.S.A.

: Sigma Chemical Co., fYlissouri, U.S.A.

Pharmacia, Uppsala, Sureden.

Merck and Co.r Neu Jersey, U.5.4.

: Bio-Rad Laboratories, California.

Smith Kline and French Labs,

Philadelphia, U.S.A.

sk&f ?997-A
3



ß-Sitosterol (uith fi%

Campesterol )

Stigmasterol

Trifluoperazine

1T

: Calbiochem, California, U.S.A.

Sigma Chemical Co. , fYlissouri , U. S. A.

Sigma Chemical Co. , fYlissouri, U . S. A.

All cylinders of gas urel,e purchased from c.I.G., Aust,ralia.

1.3 Solvents

ALl solvents used for extraction procedures and fo¡ chromatography

u,ere distilled in a glass fractionating column before use and urere

stored in the dark.
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2. METHODS

2.1 Experiments involving de-embryonated seed

AtI seed uere de-embryonated by dissecting the embryo prior to the

start of experimentation. The de-embryonat,ed seed uJere surface

sterilized by soaking for ? minutes in a SOf solution of Na0CI (4Í w/u

available chtorine). After copious uashings r¡ith distilled urater (tO x

100 ml) the de-embryor:¿ted seed ulere aseptically transferred to a large

sterile petri dish containinq 2 sheets of filter paper and 1 0 ml of

sterile distilled uater and uere alloured to imbibe for 1 2 hours at 30oC

unless stated otheru.rise. AIl subsequent operations uJere carried out in a

laminar flor¡ cabinet uith a1l equipment sterilized by autoclaving for 20

minutes at 1 5 psi. Al1 solutions ulere sterilized by passinq through a

millipore filter (0.22 um). Ten de-embryonated seed (unless stated

otherulise) ulere pre-incubated in 125 mI conical flasks containing 5 ml

of distitled uater and 1 0 mq/l streptomycin. Pre-incubation for various

lengths of time at various temperatures trlas carried out in a uater bath

shakÍng at 50 0.p.m. At the end of the pre-incubation period the ambient

solution uras poured off and replaced uith 5 mI of 20 mlvl Ca(ttt0-), uith

different dosages of GAa. The flasks urere then returned to the uater

bath and the tissue ulas further incubated for a period of 24 hours at

30oC. At the end of this period the response of the de-embryonated seed

to GA- ùJas measured by assaying the o-amylase produced.

¡Jhen tipid analyses urere required, batches of 30 de-embryonated

seed uere pre-incubated at SoC or 30oC for various lengths of time. At

the end of the pre-incubation period, 10 de-embryonated seed uJere
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incubated uith GAa according to procedures described above and o -amylase

produced measured. Aleurone layers uere dissected from the other 20 de-

embryonated seed and used for Iipid analysis. Dissection of the aleurone

layers r¡as carried out r¡it,h the de-embryonated seed soaking in ice uater

using a fine spatula and forceps. After removal of the endosperm, the

aleurone layers (consisting also of the metabolically dead pericarp and

testa) urere agitated vigorously on a magnetic stirrer for 2 minutes to

ulash off any adhering starch granules and uere immediateJ-y frozen in

liquid N, and freeze-dr-ied. lJhere dry seed uere involved' the aleurone

layer-s u¡ere dissected from de-embryonated seed after boilinq them for 5

minutes.

2.2 Experiments r¡lith isolated aleurone layers

Aleurone layers ulere isolated from de-embryonatedr imbibed seed

essential-ly according to the method of Gibson and Paleg (SZZ). A total

of 15g (dry t'lt) of de-embryonated seed urere used as starting material

for each rolling and they uere alloued to imbibe u;ater fot 24 hours at

JgoC. Imbibed de-embryonated seed ulere transferred to a roller mill- r¡ith

B0 ml of 5 mfï lactic acid and rolled for 3 minutes. The roller mill

consisted of a large screuJ top jar, diameter 12 cfir and an inner

polythene bottle filled r¡ith fine dry sand, diameter ? cm, rrreight 9009,

and the glass jar uas rotatecJ by means of tuo motor driven rollers at a

speed of 50 revolutions per minute. The resulting slurry uras filtered

through a sieve (2mM mesh) and the tissue returned to the miII r¡ith 70

mI distilled u;ater. The tissue uras rolled for a further 2 minutes. At

the end of this time the polythene bottle uJas removed and the tissue

shaken vigorously rrlith 80 ml of distj.tled uate¡. The slurry uas then

filtered through the mesh as before. The tissue uas returned to the mill
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for a further 1 minute roII in distilled uater and the tissue shaken and

filtered as before. Finally, the tissue ulas tuashed on the metal sieve

rrlith copious amounts of distilled u¡ater and allor¡ed to drain betueen

many layers of filter paper for 5 minutes. The aleurone tissue uas

ueighed and 1 g samples transfemed to 1 25 ml incubation flaskes for pre-

incubation. AII procedures uJere carried out in a laminar florli steril

chamber uith all equipment and solutions sterilized by autoclaving for

20 minutes at 15 psi.' Pre-incubation and subsequent incubation

procedures urere as described earlier (methods 2.1). Uhere tipid analysis

of the aleurone tissue uJas required, batches of 2O isolated aleurone

layers urere appropriately pre-incubated and dropped into liquid N2'

freeze-dried and used for tipid extraction and analysis.

Aleurone layers uere also isolated by dissection from imbibed de-

embryonated seed in cases ulhere the starting seed material ulas scarce.

This r¡as done in the case of Minister dr¡arf and the dtuarf selection. The

dissection uJas carried out in the laminar flor¡ sterile chamber and the

aleurone layers removed from imbibed, de-embryonated seed. After copious

u¡ashing r¡¡ith st,erile distilled ulater the isolated aleurone layers urere

subjected to further pre-incubation and incubations as described earlier

(methods 2.1).

2.3 Fleasurement of o -amylase activity

At the end of l-he 24 hour incubation period¡ the ambient fluid uras

decanted and the aleurone layers/de-embryonated seed urere homogenized

gith an Ultra turrax in ? ml of grinding medium containing 0.1M NaCl and

0.02 fyl calcium acetate. The homogenate r¡as centrifuged at 3'000 g for 10

minutes and the supernatant, uas combined ulith the ambienL solution from
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the incubation flask. This extract uJas assayed for a -amylase activity

according to the method of Gibson and Paleg (1SZS). Prior to assay, all

solutions u¡ere heated at ?0oC for 20 minut,es to inactivate any ß -amylase

present (paleg, 1gO0).The reaction mixtu¡e contained 5 mI of substrat,e

and S mI of enzyme solution. The substrate uras prepared by dissolving

0.201 g amylose in a small amount of ethanol and adding t,his slurry to a

boiling mixture containing 60 mI CaCI, (0.01 M), 15 ml 16,32f KHTPoO and

2ZS nL urater. The IKI stock solution contained 0.6 g iodine and 6.0 I KÏ

made up to 100 mI ulith dist,illed tr-rater. For use in the enzyme assay, 2.5

ml of the IKI sLock solut,ion u¡as made up to 100 ml t¡ith distilled u-rater.

Each enzyme solution r¡as made up to 10 mI before starting the

assays. Firstly, each enzyme solution to be tested r¡as diluted with SmtT

calcium acetate/S0 rnfYl KH2POO solution so that the reaction r¡as about 50%

complete in 6-? minutes at, 30oC. Into each of tuo tubes containing I mt

of diluted IKI r¡as added 0.5 ml of the diluted enzyme solut,ion. Into one

of the tubes, 0.5 mI of substrate tuas added and this became the zero

time sample, ulhile the other t,ube uas made up to the same trolume uith

ulater. The latt,er t,ube u,as used as the zeto absorbance on the

spectrophotometer. The substrate and the dituted enzyme solution uere

equilibr.ated at 30oC and 5 mI of each uere mixed at zero time. At tr¡o

minute intervals up to 10 minutes, 1 ml samples ulere added to 1 mI of

diluted IKI solution. The sample tubes trlere then diluted u¡ith 5 ml of

distilled uater and the 0.D. of each sample uas determined in a Cecil

spectrophotometer flodel CE303 at 620 nm.

c-amylase activity is expressed as SIC (starch-iodine colour) units

calculat,ed according to the method of Brigqs (]SOZ). The 0.D. data

obtained spectrophotometrically r,rere plotted against time and the time
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taken for 50Í of the initial 0.D. to be reached ulas calculated from the

graph (TSO). The reciprocal of this value (i.". 1/T50) gave SIC units

per 0.5 mI of diluted enzyme. fvlultiplication of this value by the total

volume of the enzyme solution (tO mf)' and by any dilution factors, gave

total enzyme units.

2.4 Extraction and analysis of lipids

2.4.1 LÍpid extractions

Lipids ulere extract,ed from ueighed, freeze-dried aleurone layers

using 3 x 5 m1 hot, ulater-saturat,ed butan-1-ol (Varty and Laidman,

19?6). Filtrates from extractions uere combined and evaporated to

dryness at 50oC in a rotary evaporator. Atmospheric pressure uJas

reinstated u¡ith N, and the residue uas taken up in chloroform : methanol

(Zzl) and partitioned r¡ith 0.05f (tJ/v) CaCtr. The aqueous phase rrras kept

for the analysis of sterylglycosides and the chloroform phase uas taken

to dryness under vacuum; the residue ulas taken up in a small volume of

chloroform:methanol (19:1 ). LJater (tO drops) uas then added to the

chloroform:methanol mixture r¡hich rr;as reduced once more to dryness in

order to break lipoprotein associations. The residue rr.ras again taken up

in a small volume of chloroform:methanof (tS:t ) and purified by

partition chromatography on Sephadex G-25.

The lipid fraction from the column ùras evaported to dryness under

NZ and the last tiaces of solvent urere removed under vacuum. Finallyr

the lipid uas taken up in 5 ml of chÌoroform and stored under Nt at

zOoC for further analysis. Every effort uas made to carry out as many



47

steps as possible under N, atmosPhere in the cold and as quickJ-y as

possible to minimise lipid oxidation or degradation.

2.4.2 Fractionation of total tipid

The total. Iipid fraction obtained above uras fractionated into

neutral lipids, glycolipids and phospholipids by silicic acid column

chromatography. Silicic acid (gio-naO laboratories Minus 325 mesh) r¡as

heated aL l2OoC for 2 hours before use and packed in a glass column 1.8

cm. (int,ernal diameter) by 40 cm long. Neutral J-ipids uere eluted ulith

chloroform, qtycolipids uith acetone and phospholipids ulith methanol.

2.4.3 Separation of lipid fractions into classes

LÍpid fractions obtained from silicic acid colurnns u,ere further

separated into individual cl-asses by thin layer chromatoqraphy (tC).

For all TLC, 2O x 2O cm glass plates.uere coated r¡ith a 0.3 mm thick

Iayer of silica qel G using a Shandon chromatogram spteader. Pl-ates uere

allor¡ed to air-dry before being activated at 110oC for 12 hours. P1ates

uJere then cooled to room temperature and st,ored in a dessicator and

could be used ulithout, re-activation for 4 days. ldhenever reactivation

ulas required plates urere heated for t hour at 110oC before use. Spotting

of standards and extracts uas performed under a stream of Nr.

Plates uere developed in Shandon glass chromatography tanks sealed

uith ground glass covers, and r¡¡ith solvent-saturated chromatography

paper lining the sides of the tank to ensure a vapoul-saturated

atmosphere. Plates uere allor¡ed to equilibrate r,lith the atmosphere

uithin the tank for 5 minutes prior to lourering into the solvent. The

solvent-run in all cases u.ras 15 cm.
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2.4.3.1 TLC of PhosPholiPids

The phospholipid fractions (methods 2.4.2) r¡as concentrated and

apptied to TLC plates ulhich uere developed in chlorofo¡m: met'hanol:t';ater

(tA:O¡1 .B u/v/u) (Jusaitis et aI., 1981a). The plates urere dried under

N2, and bands uere visualized by spraying urith 0.05% (t/u) berberine-HCI

and examining under UV fluorescence. Phospholipid classes

identified by co-chromatography r¡ith authentic standards,

comparison of R, values r¡it,h documented values for the same

system (Spanner, 1 9?3).

ujere

and by

solvent

2.4.3.2 TLC of neutral liPids

The neutral lipid fraction uas separated into free steroÌs, free

fatty acids¡ triglycerides and steryl esters on TLC plates developed in

n-hexane: diethyl ether: acetic acid (83:16:1 v/v/v). Lipid bands and

standard markers uere developed on the same plates and u,ere located by

spraying r¡ith 0.05Í (w/v) berberine-HCl and examining under UV

fluorescence.

2.4.4 Quantification of tipid classes

Al-I lipid classes urere quantified by gas liquid chromatoqraphy

(GLC) using a Her¡Iett-Packard HP-58404 gas chromatograph.



2.4.4.1 Quantification of phospholipid and free fatty acids

Phospholipid classes and free fatty acids urere quantified on the

basis of the fatty acid content, derivatized as fatty acid methyl

estets.

The band(s) of silica gel containing the phospholipids or free

fatt,y acids uras scraped from the plate into a screrí-capped glass vial(s)

containing 5 mI of 5Í H2S04 in methanol. To this uras added 20 ml of

methyl-heptadecanoate (f *g tl-1 ) as an internal standard. The vials

uere flushed rrrith Nrr then sealed ulith teflon-Iined screu caps' and the

reaction alloued to proceed for 3 hours at ?OoC. The tubes rrlere agitated

at approximately half hourly intervals, and after.3 hours uete cooled to

room temperature. Fatty acid methyl esters ulere extracted by adding

ulater (S mf) and 5 mI petroleum ether (¿O-ZOoC) and shaking vigorously.

The upper petr'oleum ether layer uras removed int,o another vial, tt ulhich

urater (Z nt) ulas added, and again .n.t"n vigonously. The 1or¡er ulater

layer ùras removed and discarded. Anhydrous sodium sulphate (l-Zg) uras

added to the petroleum ether and the mixture uas again shaken. The

uashed, dried petroleum ether containing the fatty acid methyl esters

uas decanted into another vial for storage under nitrogen until required

for GLC analysis.

2.4.4.1 .1 GLC of fatty acid methyl esters
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fvlethyt esters of fatty acids tuere subjected to GLC on 15{^ (t/r)

on chromsorb ul(nul) (go-t00 mesh) in glass columns (2 mm i.d. x

m). Before packing¡ glass columns and glass ulood used for plugging

ends of columns u¡ere silanized by rinsing three times r¡ith 3Í (r/u)

DEGS

1.94

the
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4 hours uith the
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hexamethyldisilazane in

betueen rinses.

toulene, and heating to 60oC for 15 minutes

Columns uere packed by plugging one end uith silanized glass ulool,

then connect,ing the plugged end to a vacuum pump. The precoated pacl<inq

mat,erial uas loâded via a glass funnel connected to the other end of the

column. To ensure firm and even packing, the column uJas tapped

throughout the loading process. l/hen packing ulas complete¡ the other end

rrras plugged r¡ith silanized gJ-ass u;ood.

a freshly packed column uas conditioned aL 1 BSoC for

carrier gas ( NZ ) af ter r¡hich the column uras

disconnected from the detector and held at IBOoC overnight rrlithout Nr.

2.4.4.1 .2 0perating Conditions

The GLC u.ras equipped urith a flame ïonization detector. Temperature

conditions uJere as fo1lor¡s: Column = 1?5oD isothermal, detector = 2?0oC

and injection port = 1?0oC. N, ulas used as a carrier gas at a florrl rate

of 1s mr,nin-1 at 44 p.s.i. Hydrogen at 40 mr.in-1 at 15 p.s.i. and

medical air at 12O ml min-1 aL 44 p.s.i. ulete used for t,he flame

ionization detector. Ethyl acetate uas the solvent used for injectinq

fatty acid methyl esters (fnmfS).

FAffiES uere identified by comparing their retent,ion times ulith those

of pure methyl ester standards. Peak areas urere measured automatically

using a keyboard - controlled digitat processoD urith buitt-in

integration capability. tr/eights of different FAMES present in the

sample urere calculated by internal standardization using methyl

heptadecanoate as internal standard.
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2.4.4.2 Quantification of sterols

The  -desmethylsterol (Free sterol) and steryl ester regions u,ere

scraped separately from the TLD plates into screrrl-capped glass tubes.

Sterols and steryl est,ers uere extracted from the silica gel ulith

several uashes i:f ethyl acetate (¡ x S mI) and filtering through UJhatman

N 0.1 filter paper. The combined filtrates uere collect,ed in teflon-

Iined screu-capped glass vials. The  -desmethylsterol extract ulas

evaporated to dryness at 50oC under vacuum and the residue dissolved in

100 y I of ethyì-acetate containing 1 mg/ml of o-cholestane as internal

standard, ready for GLC analysis.

The steryl ester extract uas also evaporated to dryness and then

saponified uith 2 ml of 30% (w/v) K0H in B0% aqueous methanol for t hour

at 60oC. The saponified mixture uad diluted ulith 2 ml of deionized uater

and the sterols ext¡acted uith petroleum spirit (¡ x S m1). The combined

extract uas evaporated to dryness under vacuum and the residue

redissolved in 1 00 uI of ethyl acetate, uith 1 mg/mt of c-cholestane as

internal standard, ready for GLC of sterols derived from steryl esters.

The aqueous phase obtained from CaCL, - partitioning of the

original extract uras taken to dryness in vacuur (OOoC) and the residue

ùras hydrolysed uith 2 mI of O.S% (v/v) ttrSO, in 95f aqueous ethanol for

12 hours at 60oC. After dilution of the acidic mixture ulith 2 mI of

deì onized ulater the suspension r¡as filtered and extracted r¡ith diethyl

ether (¡ x S mI) to extract sterols. The combined ether extracts urere

r¡ashed r¡ith r¡ater (2 x 1 ml)r dried over anhydrous sodium sulphate and

filtered.
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After removal of the ether under vacuum the residue uJas ¡edissolved

in 100 u I of ethyl acetate r¡ith 1 mg/mI o -cholestane as internal

standardr ready for GLC of sterols derived from steryl glycosides.

2"4.4.2.1 GLC of sterols

Sterols urere subjected to GLC analysis on 1.5$ (u/r¡) 0V101

gaschrom q (too-t20 mesh) in glass columns (2 mm i.d. x 1.84 m).

on

Columns ulere packed accorciing to procedures described earlier

(metnods 2.4.4.1.1) and uere condit,ioned at, 260oC for 4 hours u¡ith the

carrier gas (frlr); the columns uJere disconnected from the detector and

incubated at 25OoC overnight urithout N, ftush.

2.4.4.2.2 Operating conditions

The GLC r,ras equipped uith a flame ionization detector. Temperature

conditions ulere as follor¡s: column = 24OoC isothermalr detector = 2B0oC,

and injection port = 235oC. N2 uas used as the carrier gas at, a flor¡

rate of 15 ml rin-1 aL 44 p.s.i. Hydrogen uras used at 40 mJ-nin-1 at 15

p.s.i. and medical air at 120 mI rin-1 at 44 p.s.i. for the flame

ionization detector. Ethyl acetate uas the solvent used for injecting

the sterol mixtures.

Sterols urere identified by comparing t,heir retention times r¡ith

those of authentic ste¡ol standards. Peak areas uJere measured

automatically using a keyboard - controlled digitat processor ulith

built-in integration capability. ttJeights of different sterols present in

the sample urere calculated by internal standardization using c -

cholestane as the internal standard.
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2.5 Statistical treat¡nent of data

Lipid data nere subjected to analysis of variance as uell as

multivariate analysis of variance using the Pillairs test statist'ic, to

test the significance of the pre-incubation time and temperature

effects, as ùJÞlI as their interaction effects on the fatty acid

composit,ion of phospholipids of aleurone tissue. In order to faciliLate

comparisons, a1I lipid data in the case of the duarf and tall selections

has been co¡rected for any dry t.reight differences in the aleurone tissue

of the tulo lines. The c-amylase data u.rere subjected to analysis of

variance to test the significance of pre-incubation time and temperature

effects as t¡ell- as their interaction effects on the GA, resPonse of the

aleurone tissue. AII data are presented as means of three repli-cates.

AII statistical analyses urere performed using a GENSTAT programme on a

Cyber 170 Computer.
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ITT. RESULTS AND DISCUSSION

1 Low temperature-induced alteration of GA= - sensitivity

of the u¡heat aleurone system

In order to examine the possibility of a membrane-based site of GA=

action it uas decided to examine the feasibility of modulating the GA¡ -

sensitivity of the r¡heat aleurone tissue r¡ithout adding any chemical

agents. The best possibility of doing this r¡as 1or¡ temperature pre-

treatment. This secLion examines the effects of lou temperature pre-

incubation on the o -amylase response of the r¡heat aleurone tissue t,o

GA3'

1 .1 Lor¡r temperature-induced

aleurone tissue ulith Rht3

druarfing genes.

increases in GAa - sensitivity in uheat

(Tqn Thumb) or Rht 1, Rht 2 (Norin 10)

Sensit,ivity of the Rht3 aleurone tissue/de-embryonated seed to GA-

ulas monitored by determining the amount of c-amylase produced as a

result of 24 hours incubation ulith different concent¡ations of exogenous

GAJ. GAa-insensitive seed of Tom Thumb, Tordo and fvìinister Dua¡f' all of

uhich are Rht3 drr¡arf ulheats (Flintham and GaIe, 1982 ; GaIe and

fYlarshall r 1 9?5; Fick and Qualset, 1 9?5 ) r urere used.

A 20 hour pre-incubation at soC, as compared r¡ith 30oC, of de-

embryonated seed (designat,ed as half seed in figure legends) of Tom

Thumb caused a 2.S-fold increase in the amount of o:amylase detected

after a subsequenL 24 hour incubation ulith GA=r ulhile the increase uras

?-fold for de-embryonated seed of Tordo (Figure 2). A similar 3-fold
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Fiqure 2: Effect of 2O hrs pre-incubation at SoC or 30oC oFì c -
amylase production by de-embryonated seed of Rht3

containing urheat varieties, Tom Thumb and Tordo.
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inc¡ease uas detected for de-embryonated seed of Minister Dr¡arf (Fiqure

3a). The levels of cr-amylase produced by the de-embryonated seed of Tom

Thumb and Minister Du-rarf pre-incubated for 20 hours at 30oC (Figures 2,

3a) are essentially the same as those reported in the literature uhen

the tr¡o varieties uere described as insensitive to GA= in terms of thei¡

o -amylase response (Cate and Marshall, 1 975). Furthermore, Iot¡

temperature treatment of isoLated aleurone tissue produced an equally

dramatÍc increase in GA- sensit,ivity (Fiçure 3b) and in all cases the

magnitude of the lou temperature-induced increase in GA=-sensitivity uas

GA- concentration-dependent (Figures 2, 3). AÌso, the lou temperature

pre-incubat,ion had no effect on the c -amyÌase produced by controls in

the absence of Cna (Fioures 2, 3).

Similar lor.u temperature (SoC) pre-incubation of aleurone tissue/de-

embryonated seed of urheats having the Norin 10 duarfing genes' Rhtl or

Rht2, brought about equally dramatic increases in' GAa-sensitivity

(Figures 4, 5). The nheat varieties used were Aroona (nnt t) and Kite

(nnt 2). In the case of Aroona a 20 hour SoC pre-incubation increased

the GAa response by 1.88-fo1d and again the magnitude of this j.ncrease

ulas GAa concentration-dependent. (Figure 4). Lorrrering the pre-incubat,ion

temperture to 20oC did not have any effect on the GAa sensitivity of

Kite and the first increase in the GA= response ùras detected as a result

of a 10oC pre-incubation for 20 hours (Figure 5a). The magnitude of the

Iorr.r temperature-induced increase rr;as GAa concentration-dependent and soC

pre-incubation uras more effective than 10oC (Figure 5a). Again, Ior¡

temperature uas able to induce incleases in the GAa response of aleurone

tissue or de-embryonat,ed seed of Kite (Figures 5a, 5b).
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Fiqure 3: Comparison of s-amylase produced by tissues of Rht3

containing uheat variety fliniste¡ Dr¡arf pre-incubated

for 20 hrs at different temperatures.

The de-embryonated seed (A) r¡ere imbibed for 16 hrs
at 30oC prior to pre-incubation. Aleurone layers (B)

uere dissected from seed r¡hich had been imbibed for
16 hrs at 30oC.
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Figure 4: Effect of 20 hrs pre-incubation at 5oC or 30oC on o -
amylase production by de-embryonat,ed seed of Rhtl

containing rrrheat variety Aroona.
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Figure 5: Comparison of o-amylase produced by tissues of the
Rht2 - containing urheat variety Kite, pre-incubated

for 20 hrs at different temperatures.

The aleurone layers (A) urere obtained from de-

embryonated 
'seed r¡hich had been imbibed for 24 hrs at

30oC. The de-embryonated seed (B) ulere imbibed for 24

hrs at 30oC prior to pre-incubation.
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1.2 Characterization of the lor¡l tetçerature effect on the GAS-

sensitivity of aleurone tissue.

The results presented in the previous section (Results 1.1 ) clearJ.y

indicated that it ulas possible to increase/alter the response to GA- of

aleurone tissue having one of the dularfing genes. The results present,ed

in this section characterize in greater detail the loul temperature-

induced increase in the GA- response.

1.2.1 Lorrl temperature-induced increase in GA--sensitivity of aleurone

tissue of Kite (nr¡t z).

Sensitivity to GA- of the aleu¡one tissue of Kite, having the Rht 2

duarfing gene, pre-incubated at different temperatur"s (SoC - 30oC) and

for various lengths of time (O - ZA hours), r,ras monitored by determininq

the amount of a-amylase produced as a result of a subsequent 24 hours of

incubation at 30oC r¡ith different concentrations of GA=.

ùJhile pre-incubation time or temperature had no effect on the

sensitivity of the aleurone tissue in the absence of exogenous GA¡

(Fiqure O), there uras a definite interaction of pre-incubation time and

temperature on the GAa-sensitivity of Kit,e aleurone tissue (Figures 7 '
B, 9). Lou temperature pre-incubation increased the GA--sensitivit'y of

the aleurone tissue many fold urhen compared uith pre-incubation at

temperatures greater than 1OoC.

The optimum GA¡ concentration (0.1 u 9/ml) for the.a -amylase

Desponse remained unchanged irrespective of the pre-incubation

temperature and time (Figures ?¡ 8r 9). The largest, increase (5.12 fold)
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Fiqure 6: Effect of pre-incubation temperature and time on a

amylase production by isolated aÌeurone layers
fite (nntZ) in the absence of GA3.
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Fiqure 7: Effect, of pre-incubation temperatu¡e and time on a

amylase production by isolated aleu¡one layers
fite (nntZ) in response to 0.01 u g/mf GA3.
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Figure B: Effect of pre-incubation temperature and time on o -
amylase production by isol-ated aleurone layers of
Kite (nntZ) in response to 0.1 p g/ml GA3.
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Fiqure 9: Effect of pre-incubation temperature and time on s
amylase production by isolated aleurone layers of
Kite (nnt2) in response to 1.0 u g/ml GA3.



G
Ð 'P

o

c-
âr

nl
la

se
 (

S
lC

lg
 fr

 w
t)

"
"8

s
,6

,

ùs f"
€"

s o I

\ o
I

o,



65

in GA3-sensitivity u,as observed as a result of a 2O or 24 hour ple-

incubation at soC (rather than at temperatures betu.reen 1 SoC and 30oC

ulhich ale the temperatures usually employed for observing the GAS

sensitivity of uheat endosperm (Chrispeels and Vatner, 1967; Flintham

and Gale , 1982; Gibson and Paleg , 1972). Lorrrering the pre-incubation

temperature from 30oC to 1 SoC had no effect on the GA3-sensitivity and

the first significant inc¡ease occurred at 1 OoC and SoC after 1 2 hours

of pre-incubation, uhen the exogenous GA3, concentration uas 0.1 u g/mI

or t.0uq/ml (Figures B and 9). At a GA3 concentration of 0.01 ug/ml,

the increase in sensitivity r.ras signif icant only at SoC af ter 12 hours

pre-incubation, and the loru temperaLure-j-nduced increase at this hormone

l-evel uras much reduced ulhen compared to that of the higher GA¡

concentrations (Figures ?, 8, g). The similarity of the effect of l-our

temperature on the GA3-sensitivity of both the isolated aleu¡one layers

and the de-embryonated seed of Kite, indicated no involvement of the

embryo and the endosperm in perceivi.ng or responding to the lor¡

temperature-induced GA3-sensitivity (Figures 5a, 5b).

1.2.1.1 Time course of cr -amylase production by isolated aleurone

J-ayers of Kite u¡ith altered GA3-sensitivities.

Although pre-incubation for 20 hours at SoCr âs compared rrlith 20

hours at 30oC, increased the GA3-sensitivity dramaticallyr it had nc

effect on the lag-time ofo -amyÌase production (Figure 10). After 6

hours incubation uith GA3, the aleurone tissue pre-incubated at SoC

produced c -amylase at a much higher rate than the tissue pre-incubated

at 30og and this difference in rate u¡as evident even after 36 hours

incubation. It can be concluded, therefore, that the increased amount of

c -amylase produced by the 5oC - incubated aleurone tissue during the
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Fiqure 10: Time course of o -amyì-ase production by isolated
aleurone layers of Kite (nfrtZ) pre-incubated for 20

hrs at SoC or 30oC.

c-amylase produced uJas assayed at the end of
incubation periods of different durations + 0.1 u g/ml

GA3 at 3000.
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subsequent 24 hour incubation in GAar uas due to a higher rate of c -

amylase production and not to a shorten-ing of the lag-phase (Fiqure 10).

The lag time of cr-amylase production detected in this experiment (Fig.

10), lies in the 4-8 hour ranqe reported earlier in other studies

(Chrispeels and Varner, 196? ; Gibson and Paleg, 1gB2 ; GoodrLrin and

Carr, 1972a).

1.2.2 de-Lor¡ temperature effect on the GAa-sensitivity of

embryonated seed of FU Rht 3/rht 3 isogenic lines.

The isogenic durarf and tall (fU nnt 3/rht, 3) lines urere obtained

from an initial cross betuleen Cappelle-Desprez (rht 3, Tafl) x flinister

Dularf (nnt ¡, Duarf) and subsequent segregation and selection until the

FU generation. A ¡andom sel-ection (FU) of each of the genotypes rrras used

in the f ollouing experiments. The drL¡arf sel-ection has been designated as

CAP x fTD (nnt 3, dr¡arf) and the ta1l selections as CAP x MD (rht,3,

tafl); and both r¡ere supplied by Dr. Michael Gale of the Plant Breeding

Institude, Cambridge, U.K.

Sensitivity to GAa of the de-embryonated seed or aleurone tissue,

pre-incubated at different temperaturrs (5oC-30oC) and for various

lengths of time (O-Zq hours), uras monitored by determining the amount of

o-amylase produced as a result of 24 hours incubation at 30oC r.r¡ith

different concent,rations of exogenous GA-.

In the case of the dr¡arf selection CAP x fvlD (nf¡t 3), r¡hile pre-

incubation time or temperature had no effect on the sensitivity of the

de-embryonated seed Ín the absence of exogenous Cna (Fioure 11), there

ulas a definite interaction of pre-incubation time and temperature on the
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Figure '11 : Effect of pre-incubation temperature and time on c -amylase
production by de-embryonated seed of DAp x fID (Rht3, dtuarf)
selection in the absence of GA3
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sensitivity of the aleurone to GA- of the de-embryonted seed (Figures

12, 13, 14). Lor¡ temperat,ure pre-incubation increased the GA¡-

sensitivit,y of de-embryonated seed of the dr¡arf selection many-fold rLrhen

compared uith pre-incubation at temperatures greater than 1OoC.

The optimum GA¡ concentration (O.t t, q/ml) for the a -amylase

response remained unchanged imespective of the pre-incubation

temperature and time (Figures 12¡ 13,14). The largest increase in GA--

sensitivity uras observud as a resuLt of 20 or 24 hours pre-incubation at

soC (rather than at temperatures betrLreen 15oC and 30oC r¡hich are the

temperat,ures usually employed during pre-incubation, for observing the

GA=-sensitivity of uheat endosperm (Ho et aL., 1 981 ; Chrispeels and

Varner, 196?; Flintham and GaIe, 1982; Gibson and Paleg , 1g?2) . Loulering

the pre-incubation temperature from 30oC to 15oC had no effect on the

GAa-sensitivity and the first significant increase occurred at 1 OoC and

soC afte¡ 1 6 hours of pre-incubation uhen the exogenous GA¡

concentration uras 0.1 ug/mt or 1.0 ug/mt (Figures 13, 14). At a GA¡

concentration of 0.01 ug/ml, the increase in sensitivity ulas siqnificant

only after 16 hours pre-incubation at soC, and the lor¡ temperature-

induced increase at this hormone level uas much reduced ulhen compared to

that at the higher GAa concent¡ations (Figures 12, 13, 14). Fu¡thermore,

a comparison of FÍgures 7, 8' I and Figures 12, 13r 14 shou¡s thaù lour

temperature pre-incubation had a very similar effect. on the GA¡-

sensitivities of either Kite (Rht 2) or t,he duarf selection (nnt ¡).

Similar1y, a 20 hour lou temperature (SoC) pre-incubation of

isolated aleurone layers of the dr¡arf selection ulas able to increase the

GAa-sensitivity many-fold as indicated by increases ino -amylase
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Fiqure 1 2: Effect of pre-incubation temperature and time on c -
amyì-ase production by de-embryonated seed of CAP x fvlD

(nnt¡, duarf) selecti.on in response to 0.01 u g/ml

GA¡'
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Fiqure 13: Effect of pre-incubation temperature and time on c -
amylase production by de-embryonated seed of CAP x wtD

(Rnt¡, duarf) selection in response to 0.1 u 9/m1 GA3.
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Fiqure 14: Effect of pre-incubation temperature and time on c -
amylase production by de-embryonated seed of CAp x MD

(nfrt¡, duarf ) selection in r.esponse to 1.0 yg/ml GA3.
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production. Furthermore, this lorrr temperature-induced GA--sensitivity

uras once again GA= concentration-dependent (Fiqure 15).

In the case of the tall selection CAP x mD (rht, 3)' pre-incubation

temperature had no effect uhatsoever on the GAa - sensitivity of the

de-embryonated seed (Fiqures 16, 1?, 18, 19). Uhile pre-incubation time

had no effect on the e-amylase produced by the de-embryonatdd seed in

the absence of GAJ (Figure 16)' a pre-incubation of I hours or more did

increase the cr-amylase produced to some extent, at all three GA¡

concentrations irrespective of the pre-incubat,ion temperature (Figures

1'7, 18, 19). Once again t,he optimum GA= concentration uas 0.1 u q/ml

and the a -amylase produced by the tall selection in response to this GA=

concentration uas quite similar to that produced by the de-embryonated

dr¡a¡f seedr pre-incubated at 5oC (Figures 13, 18). Furthe¡more, as in

the dularf selection, the magnitude of the cr-amylase response of the de-

embryonated seed of the taII selection rrras GA- concentrat,ion-dependent

(Figures 17, 18, 1g).

1.2.2.1 Time course ofc-amylase production by de-embryonated seed of

F6 Rht 3/rht 3 isogenic lines, pre-incubated at 50 or 30oC

A 20 hour pre-incubation at SoC, as compared to 30oC, of de-

embryonated seed of the dularf selection increased GA=-sensitivity

dramatically. Thus, a study of the time course of c-amylase production

at these ttrlo pre-incubation temperatures uras made (Fiqure 20) to find

out the effect, if any, that the lou temperture pre-incubation ùras

having on the lag-time of c-amylase production. 0bviously, lou

temperature pre-incubation had no effect on the lag-time of c -amylase

production by de-embryonated seed of the duarf selection. (fiqure 2O).
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Fiqure 1 5: Effect of 20 hrs pre-incubation at 5oC or 30oC on o-

amylase production by isolated aleurone layers of CAP

x fvlD (Rht3, du.rarf ) selection.

Aleurone layers utere dissected from de-embryonated

seed u¡hich had been imbibed for 16 hrs at 30oC.
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Fioure 16: Effect of pre-incubation temperature and time on c -
amylase production by de-embryonated seed of CAP x fvlD

(rht3, taII) selection in the absence of GA3.
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Ficure 1?: Effect of pre-incubation temperature and time on ct -
amylase production by de-embryonated seed of CAP x fID

(rht3, tall) selection in response to 0.01 u g/ml GAg.
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Fioure 1B: Effect of pre-incubation temperature and time on cr -
amyJ-ase production by de-embryonated seed of CAP x fvlD

(rht3, tall) seJ-ect,ion in response to 0.1 u g/mJ- GAa.
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Fioure 1 I Effect of pre-incubation temperature and time on o -
amyì-ase production by de-embryonated seed of CAP x MD

(rht3, tall) select,ion in response t,o 1.0u g/ml GA3.
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Fiqure 20: Time course ofd-amylase production by de-embryonat,ed

seed of CAP x fvlD (nnt¡, durarf) selectionr pre-
incubated for 20 hrs at SoC or 30oC.

o-amylase produced uJas assayed at the end of
incubation periods of different durations +0.1 u g/ml

GA3 at 30oC.
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ô
o
o
Ø

=CÚ
.c,

I
U'v
o
v,
(ú

E
CÚ

I

ö

40

10

I rso 6%)

12 24
Time (hrs)

5'C +GA3

rc +GAo

5"C & rc-G
o

o 36



80

Aft,er 6 hours incubation r¡ith GA=, the de-embryonated seed pre-incubated

at soD produced cr -amylase at a much hiqher rate lShan the tissue pre-

incubated at 30oC and this difference in rates uras evident even after 36

hours incubation. It can be concluded, thereforer t,hat the increased

amount of o -amylase produced by the soC - íncubated de-embryonated seed

of the duarf selection, durinq the subsequent 24 hours incubation in

GA3r ulas due to a higher rate of a -amylase production and not to a

shortening of the lag-phase (Figure 20).

fn the case of the taII selection' the time-course of de-

embryonat,ed seed pre-incubated either at soC or 30oC, uras identical

(Figure 21). This again bore out the results cited earlier (Figures 1?,

18, 19) i.e. pre-incubation temperat,ure had no bearing on o-amylase

production by the seed of the tall selection. Fuither' a comparison of

the time course of a -amylase production by seed of the duarf selection

(Figure 20) and that of the tall selection (Figure 21 ) shou¡ed that lor¡r

tempert,ure pre-incubation raised t,he tate of enzyme production of the

durarf selection to the same level as that of the tall selection. The lag

time of o-amylase production detected in these experiments (Figures 20,

21), Iies in the 4-8 hour range reported earlier in other studies

(Chrispeets and Varner, 1 967 ; Gibson and Paleg , 1982 ; Goodurin and

Carr¡ 1972a).

Examining the effect of lou temperature pre-incubation on the GAg -

sensitivities of grain of various r¡heat, genotypes' it can be seen that

Ioul temperature pre-incubation ulas able to increase, to a greater or

lesser extent¡ the GA3-sensitivity of grain having one of the three Rht,

alleLes. No such effect uras detected in grain r¡ithout, the Rht alleles

(taute 1 ).
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Fiqure 21: Time course of c-amylase production by de-embryonated

seed of CAP x fID (¡ht3, tall) éelectionr pre-
incubated for 20 hrs at SoD or 30oC.

o-amylase produced uras assayed at the end of
incubation periods of different du¡ations +0.1 ug/ml
GA3 at 30oC.
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Table 1 Effect of lou temperature pre-incubation on the GA¡-

sensitivity of urheat grain ulith various genetic backgrounds.

De-embryonated seed u¡ere pre-incubated for 20 hours at SoC or 30oC

and their GA3-sensitÍvity r¡as monitored by measuring the amount of o -

amylase produced after 24 hours incubation at 30oC t¡ith O.1yg/ml GA¡.

fncleases in GA3-sensitivity are expressed as f increase in the amount

of o -amylase produced as a result of 5oC pre-incubation over 30oC pre-

incubation.

Variety $ increase

0Iympic

Nainari 60

Halbred

Aroona

Kite

Tom Thumb

Tardo

flinister Duarf

(ruo nnt atlete)

(no Rht allete)

(ruo nnt arrete)

(nntr )

(nntz )

(nnt¡)

(nnt¡)

(nntr)

..xntI

..t(n].I
x

nr-r

88.36

279.64

132.34

55s.62

207.22

* soC pre-incubation treatment not significantly different from

30oC pre-incubation.
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1.3 Discussion

The Japanese variety Norin 10 ulas introduced into the U.S.A. in

1946 by Dr. S.C. Salmon. Its value as a genetic source of short, stiff

straut, compatible r¡ith the higher levels of artificial fertilizer uhich

ulere beginning to be used at that, time¡ uJâs first recoqnized by Dr.0.E'

Vogel at l/ashington State University. Vogel started to use lines derived

from the cross NorÍn 10 x Brevor in his breeding programme in 1949, from

r¡hich came the first Norin 10 semi-drrrarf , Gaines, released in 1961 . The

popularity of Norin 1 0 uith ûheaù producers and breeders uorfd ulide r¡as

greatly enhanced by its incorporation into the fYlexican uheat programme

by Dr. Borlaug in 1954. Pitic 62 r,las the first of many semi-dr¡arf

varieties to be released from CIMwIYT. Varieties and breederls lines from

these tr¡o programmes have been the basis of most semi-dr¡arfs bred for

most uheat grorr-ring areas of the r¡orld (Dalrymple, 19?B). In addition ùo

the drrlarfing genes contributed by Norin 10 one other independent

duarfing gene uras found to be carried by urheat varieties like flinister

Dularf from Belgium and Tom Thumb from Tibet (Chaudhry, 19?3 ; Fick and

Qualsetr 19?3 ; GaIe and tÏarshall, 19?3). i'

The genetic system underlying Norin 1 0 du¡arfism is nou understood

to consist, of ttrro partially recessive independent genes u:hich act

additivety together. Rhtl is caried on chromosome 4A (Gate and flarshallr

19?6) and Rht 2 maps at a homoeologous position on the short arm of

ch¡omosome 4D (GaÌe et a1., 19?5 ; flcVittie et al., 19?8). The gene

responsible for dularfism in Tom Thumb and Minister durarf is Rht 3 and

both Rht 1 and Rht 3 alleles are carried at the same locus. (Cale and

fYlarshallr 19?6); Rht 3 being the stronger¡ partialty dominant gene

(Zeven, 1g?9 ; Morris g!ê., 19?2). Rht 1, 2 and 3 alleles impart, GAg -
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insensitivity to the aerial tissues of r¡lheat and Gale and Lau (1SZZ)

concluded that insensitivity t,o GAS and reduced height are

pleiotropically expressed phenotypes of the same genes.

In addition to rendering the aerial tissues insensitive Lo GA=r the

Rht 3 gene also imparts GAa-insensitivity to the aleurone tissue, in

that the aleurone does not, respond to GAa, by the release of a -amylase

(fic¡< and Qualset, 19?5; Flintham and Gale, 1982; Gale and fYlarshallr

19?3, 1g?5; Ho et aJ.,1981). Thus, the lorrl GAr-sensitivity detected in

the grain not pre-incubated at soO or 10oC, of fvlinister Du:arf , Tom

Thumb, Tordo and the duarf seLection CAP x tvlD (Rht 3), can be ascribed

to the presence of the Rht 3 gene.

In the case of Rht 1 and Rht 2 genes' although it is not yet

certain that GA--insensitivity from these qenes operates fuJ-l-y in the

aleurone tissue, it is clear that Norin 10 - Brevor 14 (Rht 1 + Rht 2)

carries a gene or genes uhich does render the aleurone tissue

insensitive. (Cate and Marshall,19?5). Since the pedigrees of both KÍte

(nfrt Z) and Aroona (nnt 1) contain Norin 10 - Brevot 14, it seems most

probable that, the GA=-insensitivity of their aleurone tissue also can be

att,ributed to this genetic component. Supporting evidence for such a

conclusion, at Ìeast in the case of Kite, is the finding that this

variety is resistant to pre-harvest sprouting and that one of the main

probable causes for this is the lor¡er rate of c -amylase production

(fvlares, 1 983).

It is highly unlikely that the lour temperature treatment in our

experiments is effective via an increase in the levels of endogenous

gibberellins since there is no effect on GAa-sensitivity in the absence
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of exogenous GA3. It has been shoun that the genetic disfunction of a

Rht 3 - containing dua¡f r¡heat was located in the aleurone tissue since

GAa release from the embryos of insensitive varieties during germination

uras similar to that of sensitive genotypes (GaIe and fYlarshall, 19?5).

Moreover, the similarity of the effect of lou temperature on t,he GA¡-

sensitivity of both isolated aleurone and de-embryonated seed of

fylinister Durarf (Figures 3a, 3b), Kite (Figures 5a, 5b) and the du.rarf

selection (Figures 12, 13, 14, 15), rules out, the involvement of the

embryo and the endosoerm in perceiving or responding to the loul

temperature-induced GAa-sensitivity. Furthermore, qenetically-induced

GA--insensitivity in the aleurone tissue of Rht 3 mutants did not

operate via an alteration of a -amylase structural genesr t,he starch

Iiquifaction capacity of the enzyme, the uptake and metat¡olisnr of GAa or

by increases in the levels of endogenous inhibitors (flintham and Gale,

1982; Ho, et ql., 1981 ). Lastly, Iaq-times of GA¡ - induced enzyme

production urere similar regardless of the pre-incubation temperature

(Figures 10, 20, 21). Thusr it is possible to conclude that the 1or¡

temperature-induced increase in GAa-sensitivity detected in aleu¡one

tissue/de-embryonated seed from uheat genotypes having the Rht 3 gene,

is unlikely to be the result of lou¡ temperature on any of the above

mentioned factors. Given the remarkable similarity in the lor¡

temperature-induced increase in GA--sensitivity in the aleurone tissue

of Rht 3 mutants to that of the Rht 1 and Rht 2 - containing varieties

(Figures 4, 7, B, g, 10r 12r 13,14r 2O), it seems possible to conclude

that the lotrr temperature-induced increase in GAa - sensitivity in the

Rht 1 and Rht 2 mutants is also unlikely to be the result of lotl

temperature on the above mentioned fact'ors.
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2. Changes in lipids associated r¡ith the lor¡¡ terperature-induced

increase in GAa-sensitivity of isolated aleurone tissue of Kite

lnntz)

Loul temperature has been shot¡n to increase the GA=-sensitivit,y of

otherulise GA--insensitive aleurone tissue of several r¡heat varieties

containing the Rht alle1e (Results 1). More specifically, a 2O hours

pre-incubation at soC .of Kite aleurone tissue r¡as able to effect a

strong increase in GA=-sensitivity trlhen compared r¡ith a similar length

pre-incubation at 30oC (Results 1.2.1).

Lou temperature has also been shoun to alte¡ t,he lipid composition'

especially of membrane phospholipids and.fatty acÍ-ds, of plant,s, micro-

organisms and animals (Kuiper, 19?0 ¡ Yoshida, 19?3 ; ÙJillemotr 1975 ;

Singh, 19?5 ; Siminovitch, 1975 ; Horvath, 1979 ; Hunter, 1972 t

Katesr 1g?3). As the involvement of the endomembrane system in the

synthesis and sec¡etion of o -amyl-ase is quite ulell established (see

Laidman, 1gg2) and as this t¡ork examines t,he possibility of a membrane-

based site of GAa action, t,he follouing section examines the chanqes

brought about in the lipids, especially the phospholipids and sterols

since they are the major component of membranes, as a result of the lou¡

temperature pre-incubation of Kite aleurone tissue. The possibility of

establishing correlations betuleen any changes in the lipid composition

and the lor¡ temperature-induced changes in GAa-sensitivity of the

aleurone tissue r¡ill also be examined.

2.1 Stinulation of PC and PE synthesis by lor,l temperature

Isolated aleurone layers of Kite r,lere subjected to pre-incubation

at soc or 30oC for various lengths of time (O-Zt+ hours) and the
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phosphotipids and their component fatty acids uere analysed. The tr¡o

temperaLures, SoC and 30oC, trlere selected on the basis of the results

reported earlier (Results 1.2.1), as after a pre-incubation at these tr¡o

temperatures the aleurone tissue displayed diffe¡ent sensitivit,ies to

GA¡. Six differenL phospholipids uere detected vizi PI, PG, PC' LPC' PE

and DPG. The other phospholipid commonly found in pJ.ant tissues' PS, ulas

not det,ected.

0n1y t,he imbibition of urater uras required to initiate phospholipid

synthesis and an imbibition of 24 hours at 30oC brought a significant

inc¡ease in the level of total phospholipids in the Kite aleurone tissue

(Figure 22). Furthermore, pre-incubating the aleurone tissue for

periods of 16 hours or longer at SoC, as compared to 30oC, brought about

more siqnificant increases in the level of the total- phospholipids; the

first inÇrease being detected as a result of 1 6 hours of pre-incubation

(Figure z2).

The significant increase detected in the levels of total-

phospholipid during 24 hours of imbÍbition (Figure 22), was entirely due

to increases in the levels of PI and PG (TaUle 2). Although this uras

quit,e similar to earlier findings (Varty and Laidman, 19?6 i llirbahar

and Laidman, 1 982) there existed an important, major difference. The

level-s of PC and PE did not change as a result of 'the 24 hours

imbibition. Although a further pre-incubation for 16 hours or longer at

30oC did increase the level of PCr the magnitude of the increase uras

small and the PC concentration remained considerably belou that of Pf.

The level of PE did not alter signil"icantJ-y during any of the pre-

incubation periods at 30oC, and the levels of the other tr¡o

phospholipids' LPC and DPG, did not alter during any of the experimental
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Figure 22: Effect of imbibition and pre-incubation temperature
and time on the total phosphoJ_ipid content of
aleurone tissue of Rht2 -containing r¡heat variety
Kite.
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treatments (Tabtes 2, 3). UJhite 24 hours imbibition did initiate

synthesis of PI and PG, subsequent pre-incubations, at either of the tuo

temperatures, had no effect on their levels (Tables 2Ã).

0n the other hand, if the tissue uas pre-incubated at 5oC, the

levels of both PC and PE increased dramatically u-rit,hin 16 hours

(TaUte ¡). This lou temperature-induced st,imulation uras greater in the

case of PC in r¡¡hich an increase of  .S-fold over control uas detectedt

r¡hile in the case of PE it r¡as 1.S-foLd. lJith both PC and PE, the

increase occurred as a result of 1 6 hours p::e-incubation at 5oC and

continued until 20 hours of pre-incubation after r¡hich it leveled out

(TaUte 3), and this supports the trend presented in Figure 22. fYlore

importantly, the increase in phospholipid leve1s had a close temporal

relationship r¡ith the increase in GAa-sensitivit,y brought about in the

Kite aleurone tissue as a result of SoC pre-incubation (taUte 3 and

Results 1 .2.1).

As a result of the lou temperature-induced stimulation of PC

synthesis, after 20-24 hours of pre-incubationr PC comprised 4?% of the

total phospholipid of the aleurone tissue u¡hich had the greatest GA,

sensitivity, and this observation rLlas similar to that reported earlier

(Tabte ¡ ; Varty and Laidman, 1976 ; flirbahar and Laidman, 1982). In

insensitive aleurone, the Ievel of PC did not exceed 23Í. Overal-lr lotu

temperature pre-incubation ùJas able to produce aleurone tissue uith

significantly alt,ered phospholipid composition and increased GA¡

sensitivity (Tabtes 2, 3 and Results 1.2.1).



Table 2.

Experimental

Treatment

Dry Seed

24 hrs imbibition
(Control)

Phospholipid composition of isolated aleurone tissue of Kite pre-incubated

at 30oC for various lengths of time.

Phospholipid (uo Lípidl2l layers)

PI PG PC LPC PE

34

(g.1)"
25x

(o.z)

58

61

(r o.z)
67

(r r .¡)
70

(r r .¡)
68

(r r .¡)

100

(zo.s)

106

(r s.o)

111

(r s.¿)

131^

(zz.t)
x

139^

(zz.s)

1 3Bx

(zz.g)

59

(rs.s)

53

(s.+)

100

(zo. s )

112

(zo. o )

120

(zo.s)

108

(r e.r )

104

(r o.z)
95

(r s.s)

DPG

59

(rs.z)

50

(s.o)

54

(s.+)

55

(s.z)
50

(e.o)

50

(e.¿)

tÊtÉ

180

(sz.z) (t o.+)

Pre-incubation
time (h¡)

I

16

20

24

172

( ¡o.o )

174

(zg.¡)
1BB

( so. ¡)
185

(¡o.e)

55

(s.o)

59

(r o. o)

69

(tt .z)
65

(r o.z)

13 Significantly different from control at P = 0.05, t(x P = 0.01

a Figures in parenthesis represent Í of the phosphoJ-ipid.

o
o



Table 3.

ExperimentaÌ

Treatnrent

tlry Seed

24 hrs irùibition
(Control)

Phospholipid composition of isolat,ed al-eurone tissue of Kite pre-incubated

at SoC for various lengths of time.

Phospholipid (u g Lípid/z0 layers)
PEPI

180

(sz.z)

34r(x

(s.t )'

PG

25x

(0. z)

PC

100

(zs.s)

106

(r g.o)

126

(zo.e)
_, ^**J4¿

(¿o.s)
ItrÍ

456

(qz.a)
¡ÉtÊ

4?s

(+t .t )

LPC

59

(rs.s)

53

(s.¿)

71

(tt .l)
52

(o.z)

56

(s.e)

65

(0.¡)

DPG

59

(l s.z)

50

(e. o)

100

(zo.s)

112

(zo.o)

113

(r e.z )
x)É

141

(r o.o)
,f)f

159

(t o.¿)
)flÉ

161

(rs.e)

58

(r o.+)

63

(r o.+)

71

(e.a)

74

(z .t)
67

(o.s)

Pre-incubation
time (hr)

I

16

20

24

168

(zz.a)

186

(zz.o)

173

(r z.s)
185

(ta.z)

bb

(t o.s)
53

(0.¡)
46

qa. e)

ó¿

(o.l )

lÉ Significantly different from control at P = 0.05, ttt( P = 0.01

a Fiqures in parenthesis represent % of the phospholipid.

(o
H
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Effect of lou temperature pre-incubation on the acyl content

and composition of PC and PE

Table 4 presents the fatty acid profiles of phospholipids in

aleurone tissue from dry seed of Kite and a comparison of these fatty

acid profiles u.rith those after 24 hours of imbibit,ion (the values

represented as controls in Tables 5 and 6) shou¡s the effect of

imbibition on the acyl content of the phospholipids. Significant

increases in the 16:0, 1B:1 and 18:2 component fatiy acids of PI and

16:0 and 18:2 fatty acid component of PG, urere detected as a result of

24 hours of imbibition (Ta¡Ie 4). fn the case of the other

phospholipids, 24 hours of imbibition had no effect on their fatty acid

complement (Taule 4).

Tables 5 and 6 present the fatty acid content of the phospholipids

of the Kite al-eurone tissue pre-incubated at, 5oC or 30-oC. Essentially¡

the effects of pre-incubation time and temperature on the acyl

components of phospholipids, mirrored the effect that these temperatures

had on the individual phospholipid levels (Tables 2, 3, 5 and 6) r¡ith

certain important differences.

UJith the exception of PC and PEr neither the pre-incubation

temperature nor the pre-incubation time had any effect, on the fatty acid

content of any of the phospholipids of the aleurone tissue of Kite

(Tab1es 5 and 6). Lour temperature pre-incubation had a stimulat,ory

effect, on the amounts of certain fatty acids of both PC and PE and this

stimulation uras time-dependent (faUfe O). Atthough significant increases

in.the levels of 16:0 and 1B:2 acids of PC uere detected as a result of

pre-incubation at 30oC for 16 hours or more, these increases uere quite



Table 4.

Phospholipid

PI
PG

PC

LPC

PE

tpG

Fatty acid profiles of phospholipids of aleurone tissue from dry seed of Kite.
Control tissue r¡as imbibed for 24 hrs at 30oC (O nr pre-incubation).

Fatty acid û q lipid/20 layers)

16:0 18:0 18:1 '1fJ22 18:3

¡Étú

I$(
15

I$É
16

1
It

* Significantty different from control at P = 0.05, *lr

4B

2

1

6

4

5

2

o.2x
1

2

1

5

2

1

3

1

4

3

40

24

39

21

49

29

48

30

P = 0.01

(o
c,.r



Table 5.

Phospholipid

PI

PG

LPC

Pre-incubation
time (hrs)

0 (Control)

0 (Cont¡ol)

I
16

2g

24

0 (Cont¡ol)

B

16

20

24

Fatty acid profiles of phospholipids of isolated aleurone tissue of Kite pre-incubated

at 30oC for various lengths of time.
Control tissue r¡as imbibed for 24 hrs at 30oC.

Fatty acid (u g Lípidl20 layers)
18:0 18:1 1822 18:3

I
16

20

24

16:0

87

80

81

84

80

6

6

10

11

13

3

2

5

6

6

3

2

2

6

6

2

3

5

6

6

4

1

3

4

5

80

81

75

82

82

25

29

30

33

35

26

29

25

30

22

2

2

2

5

4

25

26

25

21

22

18

21

21

25

26

3

2

4

6

4

1

2

5

3

1

3

2

6

3

6



4

3

6

6

3

25

29

1?

20

17

7

7

7

5

6

6

6

5

4

4

56

58

49

51

46

6

7

I
I
g

50

56

69

73

71

tß

)É

l(

3

2

6

tl

6

6

4

6

6

6

Table 5 (continued)

(Control)

38

39

44

4gx

47x

(Controt)

Significantly different from control at P = 0.05

3

1

3

2

3

16

19

22

18

21

5

5

6

6

I

6

5

4

5

4

(Controt )

0

I
16

20

24

0

I
16

20

24

0

I
16

20

24

DPG

PC

PE 38

43

40

36

32

It

(o
+\



Table 6.

Phospholipid

PI

PG

LPC

Pre-incubation

time (hrs)

0 (Controt)

o (Contro1)

Fatty acid profiles of phospholipids of isolated aleurone tissue of Kite pre-incubated

at SoC for various lengths of time.
Control tissue uas imbibed for 24 hrs at 30oC.

Fatty acid (us Lipídl2l layers)
18:0 18:1 1822 18:3

3

4

3

5

6

25

28

28

25

21

I
16

20

24

I
16

20

24

16:0

87

?6

85

75

82

17

24

18

19

24

6

7

10

13

13

3

4

6

?

b

80

8D

82

75

80

2

1

1

2

3

1

1

3

2

3

3

2

4

6

4

3

4

6

3

4

25

29

32

36

32

0 (Controt) 4

2

3

4

6

2

3

6

6

5

26

37

19

23

26

.8

t6
20

24



Tab1e 6 (continued)

DPG

PC

0 (Control)

I
16

20

24

0 (Cont¡ol)

I
16

20

24

0 (Control)

I
16

20

24

16

22

20

17

21

3

3

2

3

7

4

3

6

4

4

3

2

6

7

5

6

7

18

30

27

tÉlt

tttÊ

l(*

25

36

18

15

24

50

73

180

244

257

t(

lÉlt

,$t

xt(

7

21

13

15

16

rÉ*

tÉ

tÍ

tÊ

38

22xx

1161*x

1 53xx

164r(x

38

22

49

52

50

tÉ.rf

It

:É

)t

5

3

16

1s

16

tÊ

It

t(

6

b

3

6

3

I
I
7

PE
tf

6

10

7

13x

16tt

56

68

?1

80

84

¡É

It:Í

*F

t(I

6

11x

IC Significantly different from control at P = 0.05' lt* P = 0.01

(o
(Jì
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small, and hence, result,ed in only small increases in the levels of PC

(Tables 2 and 5). 0n the ot,her hand, larger increases in 16:0' 1B:0'

1B:1 and 18:2 acids ulere det,ected as a result of 16 hours or more pre-

incubation at SoC, resulting in a large increase in the level of pC

(Tables 3 and 6). UJhite pre-incubation time at,30oC had no effect on the

fatty acid content of PE, pre-incubaLion at 5oC for 16 hours or more

resulted in significant increases in 16:0' 1B:1 and 18:2 acids of PE

also causing increases in the level of PE (Tables 31 5 and 6).

The effect of B hours of lor¡ temperature pre-incubation on the

fat,t,y acids of both PC and PE (TaUte 6) deserves a special ment,íon here

as it r¡as different from the picture presented above for t,he other pre-

incubation times. Lor¡ temperature pre-incubation for this duration

brought about an increase in the levels of the polyunsaturated 18:2 and

18:3 acids of both PC and PE' rLrith a concomittant decrease in the

saturated 16:0 acid in the case of PC and 16:0 as r¡ell as 18:0 saturated

acids in the case of PE. flore importantly' these changes in fatty acid

Ievels, at I hours of pre-incubation at, soC, occurred r¡ithout any change

in the absolute amounts of the tr¡o phospholipids (Tables 3 and 6), and

before any changes occurred in GAa-sensitivity (Results 1.2.1). This

response of the aleurone tissue acyl content of phospholipids to lor¡

temperature ulas quite similar to responses of other tissues reported in

the lit,erat,ure, in uhich exposure to lor¡ temperature seems invariably

associated ulith an increase in the de-saturation of the fatty acid

chains of phosphotipids of a r¡ide variety of species at all leveLs of

biological organization (bJitson and Crar¡ford, 1974 t Farkas et al.,

1 e?s).
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Tables ?, I and I provide information regarding the effect of pre-

incubation treatments on the percentage composition of fatty acids of

component phospholipids of the aleurone tissue. The significance levels

of the mul-tivariate analysis of variance statistic in Table ? indicate

the effect that various pre-incubation factors had on the fatty acid

percentage composition of the individual phospholipids. UJhile ple-

incubation time, temperature and their interaction had no effect on the

percentage composition of fatty acids of PI, PG, LPC' and DPGr the fat'ty

acid composition of PC and PE uas significantly affected by these

factors (Tables ?, B and 9).

Pre-incubation at 30oC, for any J-ength of time examined, had no

effect on the percentage composition of fatty acids comprising PC and PE

(Table g). 0n the other hand, as a result of I hours pre-incubation at

SoC, the fatty acid complement of both PC and PE became significantly

more de-saturated (taULe 8). This lour temperature-induced de-saturationr

as mentioned earlier, ùJas no doubt brought about as a result of

increases in the levels of polyunsaturated fatty acids and concomitant

decreases in saturated fatty acids r¡ithout any alteration in t,he levels

of the phospholipids (Tables 3, 6 and 8). This more de-satu¡ated state

of PC and PE, houever, uras short-lived for, as a result of 16 hours pre-

incubation at 5oC, there uas a large increase in the percentage of 16:0

accompanied by concomittant decreå=". in the percentages of 18:2 and

18:3. As a result of tni=, the fatty acid percentage composition of PC

and PE, after 16 hours pre-incubation at soC, became similar to that of

the control (Tabte 8).



Table 7.

Treaùænt

24 l¡rs imbibition
(l )b

Pre-incubation
tir¡e (3)

Pre-incubation
temp (1 )

Pre-incubation
time x temp. (¡)

Effect of pre-incubation time and temperature on the fatty acid percentage composition

of various phospholipids of the isolated aleutone tissue of Kite.

Phospholipida

PI

8.43

19.16

8.43

20.34

PG

8.79

1 8.86

9.04

1 9.65

s.28

14.63

29.73

LPC

8.18

17.92

9.13

19.89

PE

9.34

22.38

DPG

8.32

20.64

9.24

20.31

pc

6224
tÉ l(

xlÉ

*lÉ

)3tÉ
14.79

lÉt(
28.64

)Ê Treatment significant at P = 0.05 level, t* P = 0.01

a Numerical values represent Piltaits test-statistic obtained from a mul-tivariate

analysis of variance of t,he percentage fatty acid composition of individual phospholipids.

æ
b V.lr". in parentheses represent the degrees of freedom of the treatment.



Tab1e 8. Fatty acid percentage composition of phospholipids of isolated aleurone tissue of Kite
pre-incubated at SoC for various lengths of time.
Control tissue r¡as imbibed for 24 hours at 30oC.

Phospho-

tipid

PI

PG

LPC

Pre-incubation
time (hrs) I Fatty acid

18:1

0 (Control)

I
16

20

24

0 (Contro1)

I
16

20

24

0 (Control)

I
16

20

24

l6:0

48.7

45.2

46.0

43.5

44.6

43.4

44.7

39;7

33.5

32.1

33.6

33.6

34.2

34.O

37.6

18:0 18:2

44.8

47.6

44.1+

43.3

43.5

43.2

45.2

45.2

48.4

48,5

48.6

52.5

36.8

42.O

39.7

18:3

1.2

0.8

0.6

1.3

1.7

1.7

1.7

4.5

3.1

5.1

6.0

5.9

12.1

5.7

5.0

3.5

4.2

5.5

7.7

7.O

5.?
qo

8.5

7.1

3.3

5.8

6.8

8.?

4.8

6.5

1.8

2.2

3.5

4.2

3.2

6.0

2.5

5.8

8.5

5.8

4.'l
4.7

11 .1

11 .5

9.0



Table I (continued)

tpG

PC

PE

0 (Control)

I
16

20

24

o (Control)

I
16

ztr

24

0 (Control)

I
16

2g

24

31.0

32.5

38.2

37.8

34.6

36.4

17.4xx

33.9

33..5

34.O

34.3

1 g.4)tlc

34. s

32.5

31 .3

49.9

54.4

34.7

32.2

39.5

47.5

58.3
¡t¡(

52.7

53.3

53.4

49.9

60.0*tÉ

50.1

50.6

52.4

'7.2

5.0

11 .1

9.4

6.2

6.2

1 6.SrÊx

3.8

3.4

3.7

5.0
g.g*x

4.4

3.7

2.O

5.5

4.7

4.4

6.1

11 .1

4.7

2.5

4.5

3.2

3.3

5.6

2.3

5.7

5.2

4.6

6.4

3.4

11.6

14.5

8.6

5.2

5.3

5.1

6.6

5.6

5.2

8.5

5.3

8.0

9.7

*

(o
(o

x Significantly different from Control at P = 0.05r lÉlr P = 0.01



Table 9. Fatty acid percentage composition of phospholipids of isolated aleurone tissue of Kite
pre-incubated at 30oC for various lengths of time.
Control tissue r¡as imbibed for 24 hours at 30oC

Pre-incubation
time (hrs)

Phospho-

Iipid

PI

PG

LPC

I Fatty acid
18:1

0 (Control)

I
16

20

24

O (Cont¡ol)

I
16

20

24

16:0

48.7

46.4

46.8

45.0

43.0

43.4

41 .7

39.0

30.5

32.8

18:0

3.5

3.6

5.8

5.6

7.2

5.'l
3.5

6.2

8.4

6.3

7.1

1.7

4.6

5.5

1822

44.8

47.3

43.1

43.5

44.1

43.2

47.4

45.4

47.1

51 .0

48.6

53.0

42.6

43.7

34.6

18:3

1.8

1.4

3.0

3.4

3.4

6.0

3.6

3.5

9.0

9.1

4.7

4.8

7.8

9.1
oq

1.2

1.3

1.3

2.5

2.3

0 (Control)

I
16

2g

24

33.6

37.5

35.0

36.7

40.0

1.7

3.8

6.9

5.0

0.8

6.0

3.0

9.8

5.0

8.7?.2



Table 9 (continued)

DPG

PC

PE

0 (Control)

I
16

20

24

31.0

35.4

41 .O

36.8

42.3

5.5

2.3

Ò.¿

3.6

5.6

4.7

4.4

4.8

4.1

5.8

5.6

4.3

3.9

5.3

4.5

6.4

3.4

10.6

8.6

11 .1

5.2

4.O

4.6

4.O

4.3

5.2

5.9

8.0

7.4

9.0

49.9

54.0

31 .7

39.3

34.5

47.5

5t.2
52.5

52.5

51 .5

49.9

48.5

45.6

49.5

48.6

7.2

4.9

10.5

11 .?

6.5

6.2

6.1

5.0

3.9

4.7

5.0

5.3

5.0

3.5

4.5

0 (Control)

I
16

20

24

36.4

35.3

33.1

3s.5

33.7

0 (Control)

I
16

20

24

34.3

36.0

37.5

34.4

33.4

H
oo

¡Ê Significantly different from Control at P = 0.05r n* P 0.01
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2.1 .2 Correlations betueen loul temperature-induced alt'eration in

tipid conponents and the lor¡ ternperature-i.nduced increase in

GA=-sensitivity of Kite aleurone tissue

In order to assess u¡hích parameters of the lipid composition urere

most closely associated rrrith GAa-sensitivity of the aleurone tissue, the

K. Pearson comelation coefficient (r) ulas calculated for the amount of

c-amylase produced after 24 hours incubat,ion urit,h GA3 (0.1 u g/ml) vs.

the concentration of individual lipids in the tissue prior to treatment

urith GA- (faufe to).
J

The lor¡ temperature-induced increase in the levels of PD and PE and

their component fatliy acids¡ ùras very highly comel-ated r¡ith the similar

lorrr temperature-induced increase in GAa-sensitivit,y. Thi; ulas indicated

by the hiqhly significant values of r found for both PC and PE totals,

as urell as for their component fatùy acids' ulhile all other

phospholipids and their component fatty'acids shotr;ed lou, insignificant

values of r. Some correlations, such as the 18:1 and 18:2 fatt,y acid

components of PC and PC itself, r¡ith correlation coefficients of 0.99 or

above are extraordinary (Tabte 10). The case of 1B:3 deserves special

mention as it r.,ras the only fatty acid constituent, of PC and PE to have a

non-significant r value. This r¡as similar to the resul-ts reported by

Jusaitis et aI., (1982) in urhich 18:3 r¡as alu-rays poorly correlated r¡ith

the GA--induced grorrlth response of Aupna stem segments. The fact that

18:3 seems t,o be poorly correlated r¡ith turo different responses of tr¡o

different tissues to GAa is quite remarkable.



Table 10

ro2

Correlation coefficients of s amylase production by
al-eurone tissue of Kite aqainst (A) component fatt,y acids

of individual phospholipids, or (B) inOiviOual phospholipid
or fatty acid totals.

(n)
Fatty acid

Pearson
corlelation
Coeff. (")

(e)
Phospholipid
or fatty acid

Pearson
correlation
Coeff. (")

PI

PC

PG

LPC

16:0
1B:0
18:1
1Bz2
1B:3

16:0
1B:0
1 8:1
1822
1 8:3

16:0
1B:0
18:1
1822
1B:3

16:0
1B:0
18:1
1Bz2
1B:3

16:0
1B:0
1B:1
1B¿2
18:3

16:0
1B:0
18:1
18:2
18:3

-0.269
0.637
0.620

-0.304
-o.112

n. s.
n. s.
n. s.
n. s.
n. s.

PI

PG

PC

LPC

PE

DPG

16:0
1B:0
1B:1
1822
18:3

.977^ ^
x

.784^
0
0
0
0
0

0.1 09 n. s.

0.634 n.s.
N-V

0.990^^ n.s.

-0.162 n.s.
xx

0.916^^ n.s,

-0.050 n.s.
xx

o.912^^

e

J¿*

n

. gso

. gs7

.563

-o.126
0.339
o.424
0.607
0.285

rì. s.
n. s.
n. s.
n. s.
n. s.

o.?B2x
o.gzzttx
0. 969xx
0.235 n.s.

0
-0
-0

0

-0.1 52 n.s.
.452 n.s.
.'1 64 n. s.
.408 n.s.
.o24

0.745x
0. ?54x
0.813^^xx
0.875^^

-0.230 n.s.

PE

DPG 0.01 1

0.531
0.61 5

-0.353
o.12s

n. s.
n. s.
n. s.
rì. s.
n. s.

* Correlation coeff. significant at P = 0.05r ** P = 0.01

Correlation coeff. not significant.NS
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2.2 Sterol conversions during ímbibitíon in the Kite aleurone tissue

The sterol composition of Kite aleurone tissue pre-incubated at 5oC

or 30oC for various lengths of time (O-Zq hours) uas also monitored to

see if lor¡ temperature pre-incubation had any affect on it. The four

sterols detected ulere chol-esterolr campesterol¡ stigmasterol and

sitosterol and they r,rere found to be in both derivative and free form.

The derivative forms t.rere acylated st,eryl esters and st,eryl glycosides'

r¡ith t,he former being more abundant than the latter.

Figure 23 clearly shous that in aleurone tissue from dry seedr most

of the sterols ulere in the esterified and glycosidic fotm, and during

the 24 hours imbibition (0 hours pre-j-ncubatiorr time) most of the

derivatized steroÌs uJere hydrolysed t,o the free form. This gave rise to

an equivalent complement of free sterols in the 24 hour imbibed aleurone

tissue. Furt,her pre-incubation at 5oC or 30oC for any lenqths of time

examined, had no effect uhatsoever 'on the levels of either freer

esterified or glycosidic sterols.

Tables 11, 12 and 13 present profiles of individual sterolsr

glycosidic, esterified and free, during the above mentioned pre-

incubation conditions. 0bviously, the individual sterols fo1lor¡ the

trend represented for their totals in Figure 23. Aleurone tissue from

dry seed of Kite ulas more abundant in both steryl glycosides and steryl

esters. In both câs€sr the esterified and glycosidic form of sitosterol

uas most abundant follor¡ed by campesterol, stigmast,erol and cholesterol

(Tables 11 and 12). As a result of Z+ nor"" imbibitionr both steryl

glycosides and steryl esters urere hydrolysed andr thusr their levels

ulere reduced d¡astically (Tab1es 11 and 12). Further pre-incubation had

no effect on their levels.



LO4

Figure 23: Effect of imbibition and pre-incubation temperature

and time on the total sterol content of al-eurone

tissue of Rht2 - containing rrlheat variety Kite.

Oano@
fl ano S

derivative sterols (SG and SE)

free sterols
Imean values not significantly different for
SoC or 30oC pre-incubation temperature]
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Table 11.

Experinrental

Treatment

Dry Seed

24 hx inrbibition
(Controt)

Pre-incubation
ti¡ne (hrs) at 3ooC

I
16

2D

24

Pre-incubation

tire (hrs) at soc

I
16

20

24

Sterol (¡ g fipid/zo tayers)
Campesterol Stigrmsterol

Steryl glycoside composition of isolated aleurone tissue of Kite

pre-incubated at 30oC or soC for various tengths of time.

Cholesterol

1.0

1.0

1.0

1.1

0.8

1.2

0.6

1.3

0.9

6. gx4*3
**

SitosteroI

34.3
x*

13.4

9.4

10.7

6.4

11 .4

9.6
'10.6

13.2

11.8

23.7

5.6

3.2

2.8

3.0

1.7

3.1

2.4

5.1

4.2

o.4

1.8

0.6

1.2

2.O

1.8

1.0

2.O

o.? H
o(¡

tÍ Siqnificantty different from control at P ='0.05r *l( P = 0.01



Table 12.

Experimental

Treaùnent

tlry Seed

24 ht imbibition
(Contro1)

Pre-incubation
time (hrs) at 30oC

I
16

20

24

Pre-incubation
tire (hrs) at SoC

I
16

20

24

Cholesterol

2.1

1.1

2.6

1.0

1.9

2.?

0.6

1.6

2.O

Carnpesterol

44

7.2

6.4

8.2

7.4

6.1

9.1

?.7

6.8

5.8

Stigrnasterol

10.4
*tÊ

1.8

2.3

3.4

1.5

3.7

4.8

3.7

4.0

2.1

Sitosterol

75.8
)Ê)t

1 5.6

10.4

14.7

9.8

13.4

9.8

1 4.'7

13.1

11 .8

Steryl ester composition of isolated aleurone tissue of Kite

pre-incubated at 30oC or soC for various lengths of time.

Sterol (us fipid/z0 Layets)

25.6*
**

H
o
o)

It Significantly different from control at P = 0.05r *rÉ P = 0.01



Tàble 13.

Experimental

Treatment

Dry Seed

24 hx imbibition
(Controt)

Pre-incubation
time (hrs) at ¡OoC

I
16

20

24

Pre-incubation
time (hrs) at soc

I
16

2g

24

Free sterol composition of isolated aleurone tj.ssue of Kite

pre-incubated at 30oC or soC for various lengths of time.

Sterol (uq Iipid/ZO layers)

Ctrolesterol Campesterol Stigrnasterol Sitosterol

** 20.6
*x

2. 7.4 10

6.0 84.8 15.4 136.2

gx
x*

7.2

5.1

6.7

7.5

6.4

5.1

7.1

6.8

66.4

70.4

63.7

68.4

75.6

71 .8

66. B

63.7

20.4

18.6

17.4

14.1

21.8

17.4

15.8

16.4

125.4

130.7

140.8

120.1

131 .4

128.7

115.6

140.2 P
o{

:f Significantly different from control at P = 0.05r ltl( P = 0.01
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In the case of free sterols, of the four types detectedr the most

abundant r¡as sitosterol follor¡ed by campersterol (TaUte 1¡). The free

sterols rrlere least abundant in aleurone tissue from dry seed of Kite but

there uras a dramatic rise in their levels aft,er 24 hours of imbibition

coinciding ulith the disappearance of the esterified and glycosidic

sterols (Tables 1 1 , 12 and 13). Further pre-incubation at any of the

conditions examined had no effect on their levels (TaUle ts).

2.3 Discussion

It is generally accepted nour that imbibition of water is the

principle event responsible for initiating the synthesis of

phosphoJ-ipids in general in r¡heat aleu¡one tissue' and that this

synthesis of phospholipids, and its associated development of membranes'

are probably pre-requisites for the GA- response of the aleurone tissue

(Varty and Laidman, 19?6 ; Laidman et aI., 1974 ; -Colborne et a1.,

19?6 ; wlirbahar and Laidmanr 1982 , Laidman, 1982).

Although 24 hours of imbibition did initiate phospholipid synthesis

in the Kite aleurone tissue¡ this synthesis u¡as confined only to PI and

PG (TaUle 2) and, since hormonal sensitivity is not influenced during

this period (Results 1.2.1), this change may be required for the

subsequent development of GA= sensitivity butr by ÍtseIf, is not

suffici-ent to confe¡ such sensitivity.

There is an almost complete lack of synthesis of the other tuo

major phospholipÍds of the aleurone tissue, i.e. PC and PE, during

either imbibition or subsequent pre-incubation unless, of course' the

tissue is exposed to lor¡ temperature. This lack of synthesis of PC and
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PE may possibly be related to the presence of the GA--insensitive gene/s

referred to earlier (Discussion 1.3), one of t¡hich (nnt Z) is present in

the genetic make-up of Kit,e. Some evidence to support this hypothesis

has already been obtaÍned. Suty and Vincent (1SAO) have shoun the

presence of the Rhtl and Rht2 genes to have a quantitative effect on t,he

tipid content of six day old etiolated r¡heat seedlings. The fipid

components affected in t,hat case uere the phospholipids and t,heir

constituent fatty acids. If the hypothesis stated above is true, then it

seems possible that Lhe pnesence of the Rht gene results in an

aberration in the phospholipid metabolism of the tissue uhich can be

rectified, at least in the case of aleurone tissuer by lotu temperature

treatment. Clarification of this hypothesis uill be one of the objects

of experiments presented later on in this uork (Results 3 and 4).

The first significant change associated ulith loul temperature

treatment of Kite aleurone, and uhich occurs even before an increase in

sensitivity, uras an increase in t,he propo¡tions of 18¿2 and 18:3 and a

decrease in 16:0 fatty acid constituent of PC. In the case of PE' there

ùJas an increase in the proportions of 1B¿2 and 18:3 and a decrease in

16:0 and 18:0 fatty acid constituents. (Tables 6 and 8). These changes

occumed in the absence of changes in the relative amount,s of the

phospholipids, and could certainly drastically alter the physical

propert,ies of the membranes they comprise (Raison, 1 g?3). Such

alterations in the physical state of the membranes could be an important

factor in the subsequent stimul-ation of PC and PE biosynthesis (taUte

3). This suggestion is based on the facts that the vast majorit,y ( >90%)

of the enzymes catalyzing the t,erminal steps of PC and PE biosynthesis

are membrane-bound (Jelsema É4., 1982ar b), and that phospholipid

unsaturation plays an important role in influencing the functioning of
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many membrane-bound enzymes (Jurtshuk et aI.' 1961 ; Jones and lLJakil,

196? ; Sartorelli, 196?).

The next significant change induced by lou temperature uas in the

amounts of PC and PE at and after 16 hours of pre-incubation (faUfe S).

The levels of t,hese phospholipids increased through 20 hours p¡e-

incubation at soC demonstrating a very close temporal relationship ulith

hormone sensitivity (ResL¡lts 3.1). this relationship r,las paralleled by a

highly significant correlation betueen the changes '.n PC and PE and a -

amylase production (taOfe tO). In addition, although the proportion of

the individual fatty acids do not change' the amount,s of the acyl

components of PC and PE (except 1B:3) also increased as the amounts of

PC and PE increased, and, thus, bott-i the acyl and the head group

components (of PC and PE ) urere highly comelated u¡ith hormone

sensitivity.

None of the pre-incubation condit,ions examined had any effect on

the sterol metabolism of the aleurone tissue. The dramatÍc nature of the

disappearance of the esterified and glycosidic sterols of the Kite

aleurone tissue during imbibition and ùhe appearance of free sterols' in

equivalent amounts at the same time, is consist,ent r¡ith the recent

findings of Garg (tSgZ) in urhich a storage role is ascribed to the

derivative sterols. The hiqh levels of steryl esters detected in the

aleurone tissue from dry Kite seed, and their subsequent conversion

during imbibition/germination, also indicates that, the steryl esters are

acting as a reserve pool for steroidogenesis (Bush and Grunualdr 1972 t

Torres gljf., 19?6). The appearance of the free sterols Ín the Kite

aleurone tissue coincides r¡ith the time u¡hen a great deal of membrane

biogenesis rrlould be going on (Colborn€ {{.r 19?6) and, since free
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sterols are an imporant constiLuent of all plant membranes (Grunuald,

1 9?0) r this also supports the suggestion that steryl esters and

glycosides are converted to free sterols during imbibition.
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tr2

Changes in lipids associated r¡ith the Iq¡¡ tenperature-induced

increase in GA=-sensitivity of isolated aleurone tissue/de-

ernbryonated seed of CAP x m(Rht3' dr¡arf) selection.

In the previous section (Results 2), ext,remely close relationships

betuleen phospholipid composition and hormone sensitivity uas det,ected in

Kite aleurone tissue. This gave support to the sugqestion of a membrane-

based site of GA= action in the aleurone tissue. Given the similariùy

betueen the lou temperature-induced GAa-sensitivity of KÍte (nfitZ) and

of the duarf selection (nnt¡) (Results 1.2.1 and 1.2.2), experimenLs

presented in this section are a logical extension of those presented

previously (Results 2) and could help to clarify the hypothesis that the

presence of any of the three alleles of the Rht, gene result,s in an

aberration in the phospholipid metabolism of the tissue r¡hj.ch can be

rectified, at least in the case of aleurone tissuer by lorrr temperature

treatment.

fn vieul of the lack of involvement of the embryo and the endosperm

of t,he duarf select,ion in perceiving or responding to the lor¡r

temperature-induced GA--sensitivity (Results 1.2.2), it uas felt

necessary to ascertain if the same could be said for any lor¡

temperature-induced lipid changes in the aleurone tissue. Hence, both

de-embryonated seed as uell as isolated aleurone tissue, of the dr¡arf

selection, have been employed in these experiments. Results obtained

from de-embryonated seed do not exclude the direct or indirect influence

of the endosperm on any lorr.r temperatuce-induced lipid changes, r¡hile

results obtained from isolated aleurone tissue are bereft of the

influence of the endosperm.
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.1 Experiments r¡ith de-embryonated seed: Stimulation of PI' PC and PE

synthesis by lorrl temperature.

De-embryonated seed of the duarf selection rrrere subjected to a 12

hou¡s imbibition follorLled by pre-incubation at SoC or 30oC for various

lengths of time (O - Zt+ hours). The aLeurone tissue uas separated and

the phospholipids and their component fatty acids urere analysed. The tr,.ro

temperatures, soC and 30oC, were selected on the basis of ùhe results

reported earlier (Results 1.2,2), as after a pre-incubation at these tr¡o

temperatures the de-embryonated seed displayed different, sensitivities

to GAa. Five different phospholipids ulere detected viz. PI' PG, PC' LPC,

PE. The other phospholipid detected in Kite aleurone' DPG, rrlas not found

in this tissue.

Imbibition of ulater for 1 2 hours at 30oC had no significant effect

on the t,otat phospholipids of the aleurone tissue (fig . 24). Hor¡everr

the tevel of PG rrras significantly enhanced. This r¡as in contrast to the

situation found earlier in the case of Kite aleurone tissue

(Results 2.1 ) uhere imbibition initiated the synthesis of turo of the

phospholipids (PI and PG). Houever, a further pre-incubation of the de-

embryonated seed of the durarf selection, for periods of 1 6 hours or

longer at soC as compared to 30oC, brought about significant increases

in the level of the total phospholipids the first increase being

detected as a result of 1 6 hou¡s pre-incubation (fig. Z¿).

The complete lack of synthesis qf the phospholipids¡ r¡ith the

exception of PG in r¡hich a small- increase uras detected' during

imbibition uas at variance ulith earlier findings of Varty and Laidman

(tSZO) and fïÍrbahar and Laidman (tSgZ). Hourever, a further pre-
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Fiqure 24: Effect of imbibition and pre-incubation temperature

and time on the total phospholipid content, of
aleurone tissue of CAP x fvlD (Rht3, dua¡f) selection.
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incubation at SoC caused a great deal- of stimulation of the synthesis of

PI, PC and PE (Tables 14 and 15). Although a pre-incubation for 16 hours

or longer at 30oC did inc¡ease the level of PC, the magnitude of the

increase uas small and it did not alter in its relative amount (taUte

14). P¡e-incubation at 30oC, for any of the periods examined, had no

effect on the levels of any of the other constituent phospholipids of

the aleurone tissue of the dr¡arf selection (taUfe t+).

0n the other hand, if, after imbibition, the de-embryonated seed

u,ere pre-incubat,ed at SoC, the levels of PI, PC and PE increased

dramatically rrlithin 16 hours (tabte 15). This lor¡ temperature-induced

stimulat,ion uas greatest in the case of PI in r¡hÍch an increase of 4.5

fold over control t¡as detectedi in the case of PC it uas 1.8 fold, and

in the case of PE it ulas 1.3 fold. In all three câs€sr the increase

occured as a resul-t of 1 6 hours pre-incubation at 5oC and, in the case

of PIr this increase continued until 20 hours of pre-incubation after

ulhich it levelled out (TaUle 15). This supports the trend observed

earlier (Fig. X). fYlore importantly, the increase in phospholipid

levels, again, had a close temporal relationship uith the increase in

GAa-sensitivity brought about as a result of SoC pre-incubation.

(taUte 15 and Results 1.2.2).

Obviously, the most profound effect of lor¡¡ temperature pre-

incubation, in the case of de-embryonated seed of the dr¡arf selection,

uras on the relatÍve amount of PI. As a result of a 2O - 24 hour pre-

incubation at SoC, PI rose to 18Í, of the total phosphotipids of that

aleurone tissue having maximal GAa-sensitivity (Table 1 5). In

insensitive aleurone tissue, the level of PI did not exceed 9Í (tabte

14). Overall, the phospholipid composition of the lor¡ temperature pre-



Tab1e 14.

Experimental

Treafurent

Ilry Seed

Phospholipid composition of aleurone tissue of CAP x mO (Rnt3, dr.,larf) de-embryonated seed

pre-incubated at 30oC for various lengths of time.

Phospholipid (u9 Lipid/2O layers)

PI PG PC LPC PE

12 hrs imbibition 26

(control) (o.s)

Pre-incubation
time (hr)

B

26

(2.¿r)"

l glf

(s. ¿r)

32

(e. ¡)

35

(e.s¡

35

(z.e )

38

(e.z)

36

(e.¡ )

1s7

(ss. o )

205

(s¡.2)

223

(ss.t )

260rÉ

(sz.q)

257x

(se.s)
*

249

(sz.a)

43

(tz.z)

45

(t I .e)

41

(r o.r )
43

(s.+)

39

(s.o)

39

(s.o)

69

(r g.+)

73

(ts.z)

72

(r z.s)
76

(r o. o)

72

(r s.s)
75

(tt .s)

16

20

24

34

(e.¡ )

40

(e.e )

32

(z.s)
35

(e.o )

r( Significantly different f¡om control at P = 0.05.
a Figures in parenthesis represent fl composi'uion of the phospholipids.

P
F
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Table 15.

Experimental

Treatment

phospholipid composition of aleurone tissue of CAP x mO (nnt3, dr¡a¡f) de-embryonated seed

pre-incubated at soC for various lenqths of time.

Phospholipid (u g LÍ:pidl20 tayers)

PI PG PC LPC PE

tÉ

Dry Seed

12 hrs irËibition 26

(control) (o.s)

Pre-incubation
tirne (hr)

I 32

(z.e )

g5*'c

(rs.z)
x¡(

124

(r e.z)
tt¡t

129

(r e. s)

16

20

24

26

(2.+)^ (s.+)

32

(e.¡)

19

38

(s.z )

35

(s.6 )

36

(s.¡)
39

(s.o)

197

(ss. o )

205

( s¡.2 )

43

(tz.z)

45

(11 .8)

42

(to.z)
39

(o.z)

44

(o.a¡

42

(o.o)

69

(r s.+ )

73

(rs.z)

70

(t o.e)
xx

100

( io.o)
tÍx

100

(r ¿.0 )
Irtt

105

(r s.r )

233

(so.o)
t$f

357

( sz. o)
tÉlÉ

380

(ss.s)

3B2oo

(sa.a)

tÊ significantly different from control at P = 0.05r l(ìt P = 0.01

a Figures in parenthesis represent f; composition of the phosphoì-ipids.

H
H\]
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incubated aleurone tissue of de-embryonated seed of the dr¡arf selection

and Kite aleurone tissue uras quite comparable. EquaIIy important, the

Ioul temperature effects on their GAr-sensitivities uere also comparable

(taUte 15, results 2.1). Thus, once again, the results implicate an

alteration of phospholipid composition coincident urith an alterat,ion in

GAa-sensitivity' of the aleurone tissue.

3.1 .1 Effect of lor¡ temperature pre-incubation on the acyl content

and composition of PI' PC and PE.

Table 16 present,s the fatty acid profiles of phospholipids in

aleurone tissue from dry seed of the drLlarf selection. A comparison of

these fatty acid profiles t¡ith those after 12, hours of imbibition

(presented as controls in Tables 1? and 18) shours the effect, of

imbibition on the acyl content of the phospholipids. Significant

increases in 16:0, and 18:2 component fatty acids of PG uere detected as

a result of imbibition. In the case of all other phospholipids' 12 hours

of imbibition had no effect on their fatty acid component (faUfe lO).

Tables 17 and 18 present the fatty acid contents of the

phospholipids of the aleurone tissue of de-embryonated seed of the duarf

selection pre-incubated at soC or 30oC. Essentially, the effect of pre-

incubation time and temperature on the acyl components of phosphoLipids,

mimored the effect of these factors on the individual phospholipÍd

levels (Tables 14 and 15).

üJith respect to PG and LPC' neither pre-incubation temperature nor

pre-incubation time had any effect on the fatty acid content of these

tulo phospholipids (Tables 1? and 18). Lour temperature pre-incubation had



Table 16. Fatty acid profiles of phospholipids of aleurone tissue of CAP x fID (Rht3, duarf) dry seed.

Control tissue u¡as imbibed for 12 hrs at 30oC (O nr pre-incubation)

Phospholipid Fatty acid (ug ]jpi:d/z0 layers)

l6:O 18:0 l8:1 1822 18:3

PI

PG

PC

LPC

PE

12

?x

73

18

20

1

1

I
1

3

1

1

I
3

2

11

11*

1

1

5

1

3

102

22

40

lf Significantty different from control at P = 0.05.

Þ
ts



Table 17

Phospholipid

PI

PG

PC

Pre-incubation
time (hrs)

Fatty acid profiles of phospholipids of aleurone tissue of CAP x fID (Rht3, duarf)
de-embryonated seed pre-incubated at 30oC for various lenclths of time.

Control tissue r¡as imbibed for 12 hrs at 3OoC.

16:0

Fatty acid (¡rq LipÍrd/ZO layers)
18:0 18:1

1

o.4

1

0.4

18:2

13

16

17

15

15

15

17

13

17

16

11A

117

131

137

132

18:3

o.4

1

0 (Control)

I
16

20

24

11

14

18

13

15

14

15

17

15

13

72

79

99

94

B6

1

1

1

1

1

1

1

1

2

3

3

2

0 (Contro1) o.4

1

1

2

2

2

5

6

I
l6
20

24

0.4

0.5

1

1

0 (Contro1)

I
16

20

24

if

*
x

g

13

13

6

12

I
I

11

15x

11

tÉ

,(

*

4

4

7

6

7



Tab1e 1? (continued)

LPC 0

I
16

2n

24

(Control) 16

15

16

14

13

2

1

1

1

1

2

2

3

2

4

3

1

2

2

5

2

3

4

3

3

21

22

21

19

17

39

40

39

36

39

2

2

2

3

3

3

2

1

3

3

PE 0 (Control)

¡t Significantly different from control at P = 0.05

27

26

28

27

26

I
16

n
24

P
No



Tab-ì.e 18.

Phospholipid

PI

PG

Pre-incubation
time (hrs)

O (Cont¡o1)

I
16

2A

24

0 (ControL)

I
l6
20

24

Fatty acid profiles of phospholipids of aleurone tissue of CAP x fvlD (Rht3, dr¡arf)
de-embryonated seed pre-incubated at soC for various lengths of time

Control tissue r¡as imbibed for 12 hrs at, 30oC.

16:0

Fatty acid (ts Lípj:dl2l layers)
18:0 l8:1 1Bz2 3I1

111 1

2

E

5

4

It

x

*

13

15

45

59

61

o.4
14

41

56

59

lfrf

¡Ít(

l(tÉ

1

2*
-*J

5t(

0.4

1.

o.4

1

1

rÉ*

**
)ftt

1

2

1

1

14

15

15

14

17

2

2

4

3

4

15

19

15

18

16

0.4

1

1

1

1



Table 18 (continued)

PC

LPC

PE

0 (Controt)

I
16

20

24

0 (Control)

I
16

2D

24

0 (Control)

I
16

20

24

72

44

121

127

133

T¡C

lf¡(

I$C

I$(

I
19

14

21

24

tÊ

l(

*
**

110

147

191

206

203

21

21

21

23

20

39

45

55

49

53

**
It*

l(*

ItrÍ

4

19

18

13

12

It*

*ìf

*
*

I
5x

12

12

10

16

17

15

15

15

2

1

o.4

1

2

3

2

1

3

3

2

1

1

2

2

27

11

37

35

38

2

7

3

5

4

3

6

2

5

7

2

2

3

6

3

ìt

¡C

t(

lÉ

tc*

t(*

tÉ:(

tÉtÉ*

*
It

l(

lf Significantly different from control at P = 0.05, rúrÍ P 0.01

P
N
ts
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a stimulatory effect on the amounts of certain fatty acids of PI, PC and

PE and t,his stimulation uras time-dependent in the case of Pf and PC

(Tabtes 1? and 18). In the case of PI, pre-incubation at 30oC for any

length of time had no effect on its fatty acids (taUfe tZ).0n t,he other

hand, pre-incubation at soC for 1 6 hours or more resulted in large

significant increases in all fatty acids (except 1 8:3) of PI

accompanying simila¡ increases in the total PI level (Tables 15 and 1B).

Although significant increases in the levels of 16:0 and 18:2, and 1B:1

(at 20 hours only) acids of PC urere detected as a resul-t of pre-

incubat,ion at 30oC for 1 6 hours or more, these increases uere quite

small and only small increases in t,he l-evel of total PC urere found

(Tables 14 and 17). On the other hand, larger increases in 16:0, 1B:1

and 18¿2 acids uJere det,ected as a resul-t of 16 hours or more pre-

incubation at SoC concomitant r¡ith a large attendant increase in the

Ievel of PC (Tables 15 and 1B). In the case of PE, rrlhile pre-incubation

at 30oC had no effect on fatty acid content, pre-incubation at SoC for

16 hours or more resulted in significant increases in 16:0, 18:1 and

1B'.2 acids of PE, and again, similar increases in the level of pE

(Tables 15, 1? and 18).

The effect of B hours of lor¡ temperature pre-incubation on the

fatty acids of bot,h PC and PE (taUte 18) uas remarkably similar to that

occurring in t,he case of Kite (Results 2.1 .1). Lor¡ temperature pre-

incubation of this duration brought, about an increase in the levels of

the unsaturated fatty acids 18:1, 18:2 and 1B:3, u¡ith a concomitant

decrease in the saturated fatty acids 16:0 and 18:0 in t,he case of PC,

and 16:0 in the case of PE. lYlore importantly, these changes in fatty

acid levelsr at B hours of pre-incubation at SoC, occurred ulithout any

change in the absolute amounts of the tuo phosphotipids (Tables 15
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and 18), and before any changes occurred in GA3-sensitivity

(Results 1.2.1). OveraII, this response of the acyl content of the

phospholipids to lou temperature uLas quite simil-ar to that discussed

earlier (Results 2.1,1 ) and resulted in an increase state of de-

saturation of the phospholipids.

Tables 19, 2O and 21 provide information regardinq the effect, of

imbibition and pre-incubation treatments on the percentage composit,ion

of fatty acids of component phospholipÍds of the al:urone tissue. The

significance levels of the multivariate analysis of variance statistic

in Table 19 indicate the effect t,hat various pre-incubation factors had

on the fatty acid percentage composition of the individual

phospholipids. lJhiIe pre-incubation time' temperature and their

interaction had no effect on the pencentage composition of fatty acids

of Pf, PG, LPC, the fatty acid composition of PC and PE uras

significantly affected by t,hese factors (Tabl-es 19, 20 and 21 ).

Pre-incubation at 30oC, for any length of time examined, had no

effect on the percentage composition of fatty acids comprising PC and PE

(taUfe Zt). 0n the other handr as a result of I hours pre-incubation at

SoC, the fatty acid complement of both PC and PE became significantly

more de-saturated (TabIe 2O). This situation again is quite similar to

that, discussed for Kite (Results 2.1.1).

The lor¡ temperature-induced de-saturation uas no doubt brought

about, as a result of increases in the levels of de-saturated fatty acids

and concomit,ant decreases in saturated fatty acids r¡ithout any

alteration in the total levels of the phospholipids (Tables 15r 18 and

20). This more de-saturated state of PC and PE, houlever¡ uas short-l-ived



Table 19.

Experimental

Treatment

12 hrs imbibition 9.11

(r )b

Effect of pre-incubation time and temperature on the fatty acid percentage composition of

various phospholipids of al-eurone tissue of CAP x fYlD (Rht,3, dr¡arf) de-embryonated seed.

Phospholipida

PI PG LPC PE

8.14 8.568.35

1 9.56

8.75

8.79

17.47

33.96

18.26

8.21

1 6.84

21 .64

PC

7223
¡f x

Pre-incubation time 19.01

(s)

Pre-incubation temp. 8.41

(t )

Pre-incubation time 20.17

x temp.

(¡)

xx

)É*

' lttt
14.28

I$Ê
20.58

x Treatment significant at P = 0.05' *lÉ P = 0.01
a numerical values represent the PiIIaifs test-statistic obtained

from a muLtivariate analysis of variance of the percentage fatty
acid composition of individual phospholipids.

b values in parenthesis represent the degrees of freedom of the treatment.

28.24

P
N
+\



ÏabLe 20. Fatty acid percentage composition of phospholipids of aleurone tissue of CAP x lvlD (Rht3, duarf)
de-embryonated seed pre-incubated at SoC for various lengths of time.

Control tissue uas imbibed for 12 hrs at 30oC.

Phospholipid Pre-incubation

time (hrs)

PT

PG

0 (Controt)

I
16

20

24

0 (Control)

I
16

20

24

16:O

43.0

44.1

43.8

45.2

45.4

43.5

38.2

44.O

38.8

43.O

18:0

3.7

4.9
qo

4.2

2.9

5.7

10.7

7.7

9.6

f, Fatty acid
18:1

2.8

2.O

1.8

1.4

3.9

1..1

3.3

4.4

2.2

3.8

18:2

49.0

47.1

46.5

47.6

47.2

46.3

49.4

41 .B

48.0

41 .2

18:3

1.5

1.9

2.O

0.8

o.7

1.5

2.8

2.4

2.2

1.8

7.3



Tab1e 20 (continued)

FE

PE

LPC

0 (Control)

I
16

20

24

0 (Control)

I
16

2g

24

O (Controt)

I
16

20

24

36.9

1 5.4xlt

36.5

34.7

36.3

35.0

1 g.0x

34.0

33.5

34.8

35.5

39.8

38.3

33.6

34.5

3.3

2.3

3.5

5.6

3.0

4.6

2.O

3.5

3.2

2.6

5.0

1.2

1.0

3.3

4.6

4.4
g.0¡f

3.7
g.5x

2.4

5.2

6.3

4.O

5.6

6.3

5.5

3.4

3.1

4.7

5.6

52.9

64.oxx

54.4

49.5

50. s

53.8

63.oxx

53.5

54.2

s3.1

47.O

50.0

54.0

52.4

48.3

3.2
g. g'É'f

3.2

5.0

3.9

2.2
*lf

3.5

3.2

7.O

5.6

3.6

6.0

7.O

8.0

5.0

It Significantly different from cont¡ol at P = 0.05, )tlt P = 0.01

H
N
ul



Table 21. Fatty acid percentage composition of phosphoJ-ipids of aleu¡one tissue of CAP x mO (Rt¡t3, duarf)
de-embryonated seed pre-incubated at 30oC for various lengths of time.

Control tissue r¡as imbibed for 12 hrs at 30oC.

Phospholipid Pre-incubation
time (hrs) 16:0

f, Fatty acid
18:1

PI

PG

0 (Control)

I
t6
20

24

0 (Control)

I
16

20

24

43.0

42.6

45.1

40.7

44.3

43.5

43.4

49.4

39.1

36.5

18:0

3.7

6.3

8.2

9.8

5.2

7.3

5.4

7.O

13.0

15.7

2.8

1.2

2.5

1.8

4.9

1.4

1.7

2.7

2.2

1.3

1822

49.0

47.8

41 .8

44.4

42.6

46.3

49.0

38.3

44.O

45.1

18:3

1.5

2.1

2.4

3.3

3.0

1.5

1.5

¿.ô

1.7

1.4



Table 21 (continued)

PE

PC

LPC

0 (Control)

I
16

20

24

0 (Control)

I
l6
20

24

0 (Control)

I
l6
20

24

36.9

36.6

36.?

37.9

35.5

35.0

35.6

38.1

36.5

34.9

35.5

37.4

37.O

36.1

34.1

3.3

2.2

4.4

2.9

4.7

4.6.

5.?

4.8

2.1

4.9

5.0

1.8

2.O

1.4

2.1

3.7

3.0

1.5

4.1

3.4

4.4

4.2

4.1

5.8

4.3

5.5

4.8

5.3

8.4

7.3

52.9

54.7

s1 .5

s0.5

52.4

53.8

52.8

s0.4

53.3

53.0

47.O

53.0

50.5

47.8

44.4

3.2

3.5
qo

4.6

4.O

2.2

1.7

2.6

2.3

2.9

7.O

3.0

5.2

6.3

12.1

lß Significantly different from control at P = 0.05r *lt P = 0.01
F
N
o'
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for, as a result of 16 hours pre-incubation at SoC, there uras a large

increase in the percentage of 16:0 accompanied by concomitant, decreases

in the percentages of 1B:2 and 18:3. As a result of this, t,he fatty acid

percentage cornposition of PC and PE, after 1 6 hours pre-incubation at

SoC, returned to that of the control (Table 2O).

3.1 .2 Correlations betr¡een lorrl temperature-induced alteration in
lipid components and the lor¡ temperature-induced increase in

GA3-sensitivity of aleurone tissue from de-embryonated seed of

the durarf selection.

In order to assess uhich parameters of the lipid composition urere

necessary for, or most closely associated r¡ith, the GA3-sensitivity of

the aleurone tissue, the K. Pearson correlat,ion coefficient (r) uras

calculated for the amount of a -amylase produced after 24 hours

incubation uith GA¡ (0.1.pg/ml) vs the concentration of individual

Iipids in the tissue p¡ior to Lreatment r¡ith GA3 (TaUf e_22),

The lor¡ temperature-induced increase in the levels of PI, PC and PE

and their component fatty acidsr urâs very highly correlated uit,h the lor¡

temperature-induced increase in GA3-sensitivity. This uas indicated by

the highly significant values of (r) found for PI, PC and PE totals as

ulell as for some of ùheir component fatty acids, u¡hi1e all the other

phospholipids and component fatty acids shoued lorrl, insignificant values

of r. 0bviouslyr âs uJas also found in t,he case of Kite¡ the loul

temperature-induced chançes in the lipids of aleurone tissue of the

dr¡arf selection urere very highly correlated r¡ith the lor¡ temperature-

induced increase in GA3-sensitivity in the same tissue.0nce againr lB:3

u,as consistently poorly correlat,ed .u¡ith the increased GA3-response of

the aleurone tissue.
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lable 22 Correlation coefficients of a -amylase production by aleurone
tissue of CAP x fïD (Rht3, dr¡arf ) against, (n) component fatty
acids of individual phospholipids, (e)individual phospholipids
or fatty acid totals

(n)
Fatty acid

Pearson
correlation
Coeff. (")

(s)
Phospholipid
or fatty acid

Pearson
correlation
Coeff. (")

PI
16:0
1B:0
18:1
1Bt2
18:3

PC

16:0
18:0
1 B:1
1B¿2
l8:3

PG
16:0
18:0
18:1
1Bz2
1B:3

LPC
16:0
1B:0
18:1
1822
1B:3

16:0
1B:0
18:1
18:.2
18:3

vx
0.932^^
0. B2gxxxk
0.871 ^^
0. gB3^ ^

0.346 n

PI

PG

PC

0. g??r(x

0.521 n. s .

0. g35xx

0.062 n.s.

0. 846x*

LPC

1 6:0
1B:0
18:1
1822
18:3

S

PE

0
0
0
0
0

xx
891 ^^
2s3x
?71 ^

*^q

963^ ^

491 rì. s

0. gg3xx
o.?37x
0.405 n.s.
0. g86xx
0.148 n.s.

0
0
0

-0
0

.208

.1 s1

.444

.001

.1 ?9

n. s.
n. s.
n. s.
n. s.
n. s.

PE

-0.35? n.s.
O.277 n.s.

-0.238 n.s.
0.251 Íl .s.

-0.076 n.s.

5
B

1

o.?Tx
.?10x0

0
0
0

29 n. s.xx
53^ ^

5B

x Correlation coefficient significant at P = 0.05, xx at P = 0.01
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3.1 .3 Sterol conversions in the aleurone tissue during imbibition of

de-embryonated seed of the durarf selection.

The sterol composition of the aÌeurone tissue, from de-embryonated

seed of the durarf select,ion pre-incubated at SoC or 30oC for various

lengths of time (O - Ztt hours), uras also monitored to ascertain if Iou

temperat,ure pre-incubation had any affect on it. The four sterols

detected uere cholesterol¡ campesterol, stigmasterol and sitosteroL and

they uere found in bot,h derivative and free forms. The derivative forms

comprised acylated steryl esters and steryl glycosides r¡ith the former

being more abundant than the l-atter.

Fig. 25 clearly shous that in aleuÌone tissue from the dry seed,

most of the sterols u¡ere in the derÍvative form and, during the 1 2 hour

imbibition (0 hours pre-incubation), most of them uere hydrolysed to the

free form. This gave rise to an equivalent complement of free sterols in

the aleurone tissue of 12 hour imbibed de-embryonated seed. Further pre-

incubation at SoC or 30oC, for any length of time examined, had no

influence uhatsoever on the levels of free or esterified and glycosidic

sterols. In generalr the behaviour of the sterols ulas quite similar to

that found in the case of Kite (Results 2.2).

Tables 23' 24 and 25 present profiles of individual- sterols in

glycosidic, est,erified ánd free forms during imbibition and pre-

incubation. Obviouslyr the individual sterols follor¡ the trend

represented for their totals in Fig. 25. Aleurone tissue from dry seed

of the duarf selection uJas more abundant in both steryl glycosides and

steryl esters. In both câs€sr the esterified and glycosidic forms of

sitosterol u¡ere most abundant, follor¡ed by campesterol, stigmasterol and



150-

Fiqure 25: Effect of imbibition and pre-incubation temperature
and time on the total sterol- content of aleurone
tissue of CAP x fvlD (Rht3, duarf) selection.

derivative sterols (SG and SE)

free sterols
Imean values not significantly different for
SoC or 30oC pre-incubation temperature]

Oan¿O
!ano!
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cholesterol (Tables 23 and 24). As a result of 12 hours imbibition, bot,h

steryl glycosides and steryl esters ulere probably hydrolysed and, thus,

their levels uere reduced drasticalJ-y (Tables 23 and 24). Further pre-

incubation had no influence on their levels.

In the case of free sterols, of the four types detected, the most

abundant uras sitosterol follor¡ed by campesterol (faUfe ZS). The free

sterols uere least abundant in aleurone tissue from dry seed of the

dr¡arf selection but, there uras a dramat,ic rise in their levels after 12

hours of imbibition, coinciding urith the disappearance of the esterified

and glycosidic sterols (Tables 23, 24 and 25). Further pre-incubation,

at aII the conditions examined, had no influence uhatsoever on the

levels of the free sterols (Table 25).

.2 Experiments r¿ith isolated aleurone tissue: Stimulation of PI, PC

and PE synthesis by lorrl temperature.

In experiments uith isol-ated aleurone layers, unlike those r¡.rith the

de-embryonated seed, the aleurone layers uJere dissected prior to pre-

incubation from, de-embryonated seed imbibed for 16 hours. Table 26

represents the phospholipids of the isolated aleurone layers after I or

20 hours pre-incubation at 30oC or SoC.

A pre-incubation for 20 hours at 30oC increased the leve1 of PC

only and had no effect on any of the other phospholipids. 0n the other

hand, a pre-incubation at soC for 20 hours caused siqnificant

stimulation in the levels of PI, PC and PE, similar to that described

for de-embryonated seed (Results 3.1 .1 ). As a result of this lor¡l

temperature-induced increase in the level of PIr its Í composition rose

3



Table 23. Steryl glycoside composition of aleurone tissue of DAP x mO (Rnt3, dr¡arf) de-embryonated seed

pre-incubated at 30oC or SoC for various lengths of time.

Experirental
Treatment

tlry Seed

12 hr imbibition
(Control)

Pre-incubation
ti¡ne (hrs) at SOoE

I
16

20

24

Pre-incubation
hrs) at 5oC

16

20

24

Cholesterol

1.4

o.4

0.1

0.3

0.3

0.5

0.3

o.2

0.8

0.3

Sterol G s fipid /zo Layerc)

Campesterol Stigmasterol

12.O
*l(

3.2
It

1.4 0.8

1.8 0.3

1.0

1.1

0.6

1.5

1.0

2.4

Sitosterol

28

3.1

¿.õ

3.3

2.t
3.2

3.6

2.7

3.3

t$(
3

(

I
tirre

2.3

2.1

2.O

1.7

o.4

0.9

0.6

0.6
ts
C¡
N

P=0.¡f Significantly different from control at P = 0.05r Itix 01

2.3



Table 24.

Experinrental

Treatrnent

Dry Seed

12 hx imbibition
(Control)

Pre-incubation
ti¡ne (hrs) at sooC

I
16

20

24

he-incubation
tine (hrs) at SoC

B

16

20

24

Cholesterol

2.9
l(

0.5

0.4

0.5

0.6

o.2

0.6

o.4

o.7

0.3

Steryl ester composition of aleurone tissue of CAP x tvlD (Rht3, dr¡arf) de-embryonated seed

pre-incubated at 30oC or SoC for various lengths of time.

Sterol (uq fipid/2O tayers)
Campesterol Stigmasterol

28

3.6 0.?

4.2

5.3
**;Êx

7

Sitosterol

65.8
t(x

6.3

3.9

4.2

3.4

3.5

5.0

3.1

3.3

4.8

3.6

1.5

1.2

4.2

2.4

2.O

2.8

0.4

1.0

1.0

1.5

1.0

0.8

1.8
'1 .5

H
(ñ
(^

* Significantly different from control at P = 0.05r rrtf P = 0.01



Table 25.

Experimental

Treatment

Dry Seed

12 hr irùibition
(Control)

Pre-incubation

tine (hrs) at 30oC

I
16

20

24

Pre-inctbation
hrs) at SoC

16

20

24

Cholesterol

o.4

4.6

6.5

5.3

5.3

6.0

5.1

6.6

5.7

6.1

Free sterol composition of aleurone tissue of CAP x fYlD (Rht3, dr¡arf) de-embryonated seed

pre-incubated at 30oC or soC for various lengths of time.

Sterol (ug fipid/z0 layers)
Campesterol Stigmasterol

tÊ)Ê*lttÉ*

SitosteroI

13.3
*tÉ

93.2

103.1

92.1

85.6

71 .4

9s.1

75.9

71 .6

86.3

4.8 0.8

(

I
tfune

38. ?

46.3

42.3

46.8

43.4

44.4

51.3

4s.3

39.4

5.8

3.9

6.3

6.3

6.5

6.9

4.8

5.5

5.4
H
oi
+\

¡f Significantty different from control at P = 0.05' tÉx P = 0.01
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from g.3% in the control to 1?.6% and this increase uras very similar to

that detected for t,he de-embryonated seed (Table 26, Results 3.1.1).

3,2.1 Effect of'lor¡ temperature pre-incubation on the acyl content

and composition of PI' PC and PE in isolated aleurone tissue.

Tab1es 27 and 28 present the fatty acid profiles of the

phosphol-ipids of the isolated aleurone layers of the dr¡arf selection,

pre-incubated at 30oC or soC. Essentially, the effect, of pre-incubation

time and temperatule on the acyl component of phospholipids (Tabte 2?

and 28) mirrored the effect that these factors had on the individual

phospholipid levels (ta¡Ie 2O). Overa1l, the effect of lor¡ temperature

pre-incubation on the fatty acids of phospholipids of the isolat,ed

aleurone layers r¡as identical to that in the case of the de-embryonated

seed. Table 27 represents the fatty acid profile of phospholipids pre-

incubated at 30oC for B or 20 hours. Only the 16:0 and 18:2 fatty acid

components of PC increased as a result of a 20 hour pre-incubation at

30oC ulhile pre-incubation at this temperature had no infLuence on any

other fatty acid component of the remaining phospholipids of the

isolated aleurone layers of the durarf selection. Table 28 represents the

fatty acid profiles of phosphoLipids of the isolated afeurone layers

pre-incubated at SoC for B or 20 houts. 0nce again, as in the case of

the de-embryonat,ed seed, a low temperature pre-incubation for 20 hours

caused a st,imulation in the levels of fatty acid components of PIr PC

and PE. And, once again, an I hour pre-incubation at SoC caused a

decrease in the saturated fatty acids and an increase in the de-

saturated fatty acids of both PC and PE without effecting the amounts of

the phospholipids (Tab1es 26 and 28, Results 3.1.1 ).



Table 26.

Experimental

Treatment

Dry Seed

16 hrs imbibition
(Control)

Pre-incubation
time (hrs) at 30oC

I

20

Pre-incubation
time (hrs) at SoC

I

20

Phospholipid composition of isolated aleurone tissue of CAP x mO (nfrt3, dr¡arf) seed

pre-incubated at 30oC or SoC for I or 20 hrs.

Phospholipid (uq Lipid/z0 layers)
PI

26

(t.q)^
39

(9. ¡)

37

(e.s)

37

(z.z)

PG

1g¡É

(s.¿)

39

(s.¿)

41

(s.+)

46

(a.s)

43

(g.a)

56

(o.s)

PC

197

(ss.o)

212

(so. e )

222

(sr .o)

305x

(se.s)

22?

(sz.z)

434*x

(s¡.¡)

LPC

43

(tz.z)
47

(l r .s)

46

(r o.s)
48

(s.a)

51

(r I .s)
60

(t.+)

PE

69

(r s.a)
79

(l s. o)

41

(s.s)
1 4so

(tz.t)

8g

(zo.o)

B1

(r s.o)

70

(r o.z)
11gx

(t +.t)
H

o)x Significantly different from control at P = 0.05, x* P = 0.01
a Figures in parenthesis represent f composition of the phospholipids.



Tabl.e 27

Phospholipid Pre-incubation
time (hrs) ts:o

Fatty acid profiles of phospholipids of isolated aleurone tissue of CAP x fID (Rht3, dr¡arf)

selection pre-incubated at 30oC for I or 20 hours.

Control tissue r¡as imbibed for 16 hrs at 30oC.

Fatty acid (u g Lipíd/20 layers)
18:0 18:1 1Bz2 18:3

PI

PG

PC

LPC

PE

0 (Controt)

I
20

0 (Control)

I
20

0 (Control)

I
20

0( Control )

I
20

' 0 (Control)

I
20

16

16

17

17

17

19

82

92

127x

17

18

18

29

3?

28

3

3

¿

2

3

4

17

15

15

1

1

1

4

4

2

18

16

17

18

20

21

9B

1D2

1 4gx

26

22

24

40

40

43

1

1

1

1

1

1

5

5

b

1

1

1

1

1

1

g

I
7

2

1

1

3

5

4

2

4

4

3

4

t+

H
(/.¡{¡t Significantly different from control at P = 0.05



Table 28. Fatty acid profiles of phospholipids of isolated aleurone tissue of CAP x mO (Rnt3, dr¡arf)

selection pre-incubated at soC for I or 20 hours.

Control tissue ulas imbibed for 16 hrs at, 30oC.

Fatty acid (u g lipid/20 l-ayers)Phospholipid Pre-incubation
time (hrs) rs:o

PI

PG

PC

LPC

PE

0 (Controt)

I
20

0 (Control)

I
20

0 (Control)

I
20

0(Control)
I

20

0 (Control)

I
2E

16

19

63)(x

18:0 1B:1

1

1

2x

1

2

1

I
24xx

1822

18

19
¡Íl(

6?

1B

21

27

98
t()É

145

21gxx

26

27

26

40
tÉ

44
tftf

61

18:3

3

2

7

2

3

5

1

16

x*

**

x

4

1

1

1

1

5

24

21

2

2

3

3

I
10

t()É

**
*

*x

**

17

16

22

82

30

1s1

17

19

25

29

I
40

17

5
tÉ*

*t€

*tt

l(

1

1

2

4

1

3

27x

2

3

4

3

'.x

5

H
(/]
æIt Significantly different from control at P = 0.05, xx P = 0.01
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Tabtes 29 and 30 present the percentage composition of the fatty

acids of the phospholipids of isolated aleurone layers of the du.rarf

selection pre-incubated at SoC or 30oC. Again it ulas found that lou

temperature pre-incubation had a similar effect on the fatty acids of PE

and PC as it had in the case of the de-embryonated seed (Resu]ts 3.1.1).

Essentially, a lor¡ temperature pre-incubation for I hours caused a

decrease in the rel-ati.ve amounts of the saturated fatty acids and a

concomitant increase in the de-saturated fatty acids of both PE and PC.

Furthermore, this de-saturated state of PE and PC' as in the case of de-

embryonated seed, ulas short lived for after 20 hours pre-incubation at

soC, the percentaqe composition of the fatty acids of PE and PC returned

to levels simila¡ to those of the control (taUfe ZS). Once again, pre-

incubation at 30oC for short, (8 hours) or long (20 hours) durations had

no effect on the fatty acid percentage of any of the phospholipids of

the isolated aleurone tissue (taUte ¡O).

3.2.2 Sterol conversions during imbibition of the isolated aleurone

tissue of the duarf selection.

The behaviour of the sterols in the isolated aleurone tissue of the

duarf selection, during imbibition and pre-incubation, ùras identical to

that described for the aleurone from the de-embryonated seed (Tables 31,

32 and 33). Both the st,eryl glycosides and the st,eryl esters dec¡eased

during the 1 6 hours of imbibition and further pre-incubation at 30oC oI

soC for I or 20 hours had no influence on their levels. Furthermorer

four steryl glycosides and esters uere detected and the derivative forms

of esters urere more abundant than the glycosides (Tab1es 31 and 32).

Similarty, in the case of free sterols, a dramatic rise in their levels

occurred at the end of the imbibition period (TaUte 33) coincidinq uJith



Table 29.

Phospholipid Pre-incubation
time (hrs) l0:o

Fatty acid percentage composition of phospholipids of isolated aleurone tissue of

CAp x 1v¡D (Rht3, duarf) selection pre-incubated at SoC for I or 20 hours.

Control tissue t¡as imbibed for 16 hrs at 30oC'

Fatty acid û g Lipid/z0 layers)

PT

PG

LPC

PE

pc

0(Control)
I

20

0 (ConLroI)

I
20

0 (Control)

I
20

0 (Contro1)

I
20

B (ControL)

I
20

42.O

45.2

43.7

44.O

38.2

40.0

36.1

36.7

41 .3

36. g
tÉtÉ

13.2

33.7

38.7

1 3.01á'Ê

34.7

6.6

4.2

5.2

5.8

6.0

8.2

2.O

1.8

2.5

4.8
tÉ

1.8

2.1

8.1

1.9

2.2

1.5

1.3

4.1

2.O

4.5

5.2

7.1

4.O
tÍt(

9.4

4.3

4.4
,ÉtÍ

10.4

6.2

18:0

3.8

18:1 1822

47.1

46.6

46.6

47.O

48.5

48.2

53.6

53.3

43.6

50.0
;r

63.5

51 .2

46.3

64.Ox'c

50.4

18:3

2.4

1.8

3.0

1.9

3.2

1.6

3.8

3.0

5.5

4.3

12:3x

8.7

2.5
IttÊ

1D.4

4.9
2.2x

P
¡.o¡É Significantly different from control at P = 0.05, rÉtÉ P = 0'01



Table 30.

Phospholipid Pre-incubation
tin¡e (hrs) t 0:o

Fatty acid percentage composition of phospholipids of isolated aleurone tissue of

CAp x y¡D (Rht3, dr¡arf) selection pre-incubated at 30oC for I or 20 hours.

Control tissue r¡as imbibed for 16 hrs at 30oC.

PI

PG

LPC

PE

PC

0 (Control)

I
20

0 (Control)

I
20

0 (Control)

I
20

0 (Control)

I
20

0 (Controt)

I
20

42.O

43.8

44.2

44.O

42.3

40.8

36.1

39.0

37.5

36. g

41 .O

34.0

38.7

41 .5

41 .8

18:0

6.6

8.?

5.3

5.8

6.3

9.0

2.O

2.O

1.8

4.8

4.O

2.5

8.1

6.9

4.9

1B=2

47 ,1

42.?

46.0

47.O

48.2

45.0

53.6

47.s

49.7

50.0

45.1

53.0

46.3

45.9

49.0

18:3

2.4

2.3

3.0

1.9

1.4

3.6

3.8

3.1

2.6

4.3

5.7

5.3

2.5

2.3

1.9

f Fatty acid
l8:1

1.s

2.5

1.5

1.3

1.8

1.6

4.5

8.4

8.4

4.O

4.2

5.2

4.4

3.4

2.4

H
.t\
H
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t,he disappearance of the glycosides and esters. Further pre-incubation

at the conditions st,udied had no influence on the levels of the free

sterols. Once again, four free sterols u.rere detected viz. sitosterol,

campesterol, stigmasteroì- and cholest,erol, uith sit,osterol the most

abundant follotued by campesterol (faUfe Sf).

3.3 Discussion

Although 1 2 hours of imbibition initiated an increase in PG in t,he

aleurone tissue of the dr¡arf selection, there uas a complete lack of

increase in amounts of the other phospholipids during this period. This

situation, r¡hile being akin to that, observed at least r,lith respect to

PG, for Kite aleurone tissue, is in contrast to the findings of various

t¡orkers u¡ho found that imbibition of uater is the principal event

responsible for initiating the synthesis of phospholipids in uheat

aleurone tissue (Varty and Laidman, 19?6 ; Laidman -et al., 1974 t

Colborne et a1., 19?6 ; flirbahar and Laidman, 1982, Laidman, 1982). As

hormonal sensitivity during imbibition of the aleurone tissue from the

de-embryonated seed of the drLlarf selection uas not influenced' the

increase in PG levels during this period may be required for the

subsequent expression of GAa sensitivity, butr by itself, is not

sufficient to confer such sensitivity.

The striking similarity of the 1or,l temperature-induced stimulation

in phospholipids of tr¡o Rht-containing lKite (nntZ) and the dr¡arf

selection (nntS) ] genotypes, underlies the possibilit,y that lor¡

temperature, at least in the case of the aleurone tissue, is able to

rect,ify the aberration in phosphoJ-ipid metabolism probably caused by the

presence of either of the turo Rht allelesr Rht2 and Rht3. There is a



Table 31.

Experimental

Treatment

Dry Seed

16 hrs imbibition
(Control)

Pre-incubation

time (hrs) at ¡ooC

I
20

Pre-incubation
time (trrs) at SoC

I
20

Steryl glycoside composition of isolated aleurone tissue of CAP x fYlD (Rht3, dwarf)

selection pre-incubated at 30oC or soC for B or 20 hrs.

Control tissue uas imbibed for 16 hrs at 30oC-

Sterol (u s lipid lzg Layerc)

Cholesterol Campesterol Stigrnasterol Sitosterol

l(x 28.3
tt

1.4 12.O 3.2

0.8 2.8 o.2 1.8

0.5 1.8 0.3 2.7

0.5 2.'l 0.3 1.8

o.2 2.1 o.2 2.5

0.6 1.8 o.2

,(r(

H
À(¡

¡( Significantly different from control at P = 0.05r *:ß P = 0.01

2.5



Table 32.

Experimental

Treatment

Dry Seed

16 hrs imbibition
(Control)

Pre-incubation
time (hrs) at 30oC

I
20

he-incubation
tine (hrs) at SoC

I
20

Steryl ester composition of isolated aleurone tissue of CAP x fvtO (Rnt3, dr¡arf)

selection pre-incubat,ed at 30oC or SoC for I or 20 hours.

Control tissue ulas imbibed for 16 hrs at 30oC.

Sterol (uq tipiolzo tayers)

Cholesterol Campesterol Stigrnasterol Sitosterol

* t(tÉ
65.8

x*
4.4 28 5.3

1.4 5.8 0.8 7.8

6.4

¡É*
7

1.8

1.7

4.3

4.1

1.0

1.0 7.4

8.21.0 5.1 0.8

1.8 4.8 o.7
F
+\
l.

IC Significantly different from control at P = 0.05r x* P = 0.01

7.6



Table 33.

Experirnental

Treatrnent

tlry Seed

16 hrs imbibition
(Control)

Pre-incubation
tire (hrs) at ¡ooC

I
20

Pre-incubation
tirre (hrs) at SoC

B

20

Free sterol composition of isolated aleurone tissue of CAP x fYlD (Rht3, dularf)

selection pre-incubated at 30oC or soC for I or 20 hours.

Cont,rol t,issue r¡as imbibed for 1 6 hrs at 30oC.

Sterol (u s lipid /2o Layerc)

Cholesterol Campesterol Stigmasterol Sitosterol

l(tÉ
1 3.3

*x

0.4 4.8 0.8

?.8 51 .2 4.5 118.6

)flÊlÉl(

8.2

7.7

48.2

52.8

45.6

4?.3

3.2

2.8

4.1

4.3

115.6

112.8

9.1

9.2

113.6

117.2

P
+\
ctlP = 0.01lÉ Significantly different from control at P = 0.05r xx
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complete Iack of increase in levels of PI, PC and PE in the aleurone

tissue of the dr¡arf select,ion during either imbibition or subsequent

pre-incubation unless, of course, the tissue is exposed to lor¡

temperature (TaUles 14 and 15). Thisr again, supports the previously

discussed hypothesis (Discussion 2.3) ie. t,hat the GAa-insensitive

gene/s (nnt) are responsible for the observed incongruity in the

phospholipid metabolism.

The first, significant change associated uith lotrr temperature

treatment of the aleurone tissue from de-embryonated seed of the duarf

selection, and uhich occumed even before an Íncrease in GAa-sensitivity

ulas observed, uJas an increase in the proportions of the de-saturated

fatty acids and a decrease in the saturated fatty acids of PC and PE

(Tabtes 18 and 20). These changes occur¡ed in the absence of changes in

the relative amounts of the phospholipids' and could certainly

drastically alter the physical properties of the membranes they comprise

(Raison, 19?3). Such alterations in the physical state of the membranes

could be an important factor in the subsequent stimulation of PI, PC and

PE biosynthesis (Tab:.es 15 and 1B).

Further support for the suggestion that, alterations in the physical

state of membranes of the aleurone t,issue of the duarf selection may

result in the lou temperature-induced stimulation of 'phospholipids'

comes from the remarkable similarity to the loul temperature effect, on

the phospholipids of the aleurone tissue of the Kite aleurone tissue. In

the Kite aleurone tissue, as in the case of the duarf selection, an I

hour pre-incubation caused an increase in the de-saturated and a

decrease in the saturated fatty acid consLituents of PC and PE r¡ithout

any changes in the relative amounts of these phospholipids (Results
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2.1.1). Furt,her, as in the case of the dr¡arf selection, pre-incubation

for periods longer than B hours at soC, caused a stimulation in the

synthesis of phospholipids in the Kite aleurone tissue (Results 2.1).

The next significant change induced by lou temperat,ure uras the

increase in amounts of PI, PC and PE at and after 16 hours of p¡e-

incubation (Tab1es 15r 1? and 1B)r and this lou.r temperature-induced

increase in the phospholipids shoured a very close temporal relationship

r¡ith hormone sensitivity (Results 1.2.2). This relationship uras

paralleled by a highly significant comelation bettr¡een t,he changes in

PI, PC and PE on the one hand and a-amylase production on the other

(taUte 22); In additionr alt,hough t,he proportions of the individual

fatty acids do not changer the amount,s oi certain acyl components of PI,

PC and PE also increased as the amounts of the phospholipids increased,

and¡ thusr both the acyJ- and the head group components (of PI, PC and

PE) r,¡ere hiqhly correlated r¡ith hormone sensitivit'y.

The remarkable simil-arity of the lou Lemperature-induced changes in

phospholipids, irrespective of uhether de-embryonated seed or isolated

aleurone tissue uJas used in the pre-incubat,ionsr underlines the

conclusion that the endosperm plays no role in perceiving or responding

to the lorrl temperature sti-mulus.

l/ith respect to the sterols, once again, as in the case of the

aleurone tissue of Kite, none of the pre-incubation factors examined had

any specific effect on their metabolism. The dramatic nature of the

disappearance of the esterified and glycosidic sterols during

imbibition, and the appearance of free sterols in equivalent amounts¡

underlines a storage role for the derivative sterols in the mature r¡heat
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aleutone tissue. The appearance of the free sterols in the aleurone

tissue of the duarf selection, coíncides r¡ith the time uhen a great deal

of membrane biogenesis t¡otJld be going on (Colborne gþ!.r 19?6) and, as

free sterols are an important constituent of all plant membranes

(Grunr¡ald, 19?0)r this also supports the suggestion that esters and

glycosides are converted to free sterols during imbibition.
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4. Effect of imbibitionr pre-incubation time and temperature on the

lipids of aleurone tissue from de-embryonated seed of CAP x ltD

(rht3, talt) selection.

In the previous section (Results 3), lorrr temperature treatment t¡as

shoun to have a profound influence on the phospholipid composition of

the aleurone tissue of the dr¡arf selection. More importantì-y, the lor¡

temperature-induced changes in the phospholipids of the aleurone tissue,

displayed a very close temporal relationship uith the lor¡ temperature-

induced increase in GA3-sensitivity of the tissue.

In this section, the behaviour of the lipids of the aleurone tissue

of t,he taII selection r¡as st,udied aft,er subjecting the de-embryonated

seed to similar conditions of imbibition and pre-incubation as uas done

in the case of the dr¡arf selection. The objects of this excercise urere

manifold: -

a) A simultaneous examination of the effect of pre-incubation factors

on the F6Rht3/rht3 isogenic lines uould afford a more rigorous

expl-oration of the relationship betr¡een the lor¡ temperature-induced

Iipid changes and the presence of the Rht gene. It uould also thror¡

some liqht, on the suggestion that the presence of t,he Rht, gene

causes an aberration in the phospholipid metabolism of the aleurone

tissue.

b) It ulould yield useful comparisons trlith respect

composition of the aleurone tissue of the tuo lines'

and comparable states of GA3-sensitivity.

to the lipid

Ín different
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c) It uould thror¡ some light on the role of phospholipid synthesis in

the aleurone tissue during imbibition/germination.

4.1 Stimulation of phospholipid syntlresis in the aleurone during

imbibition of CAP x MD (rht3r tall) de-embryonated seed

De-embryonated seed of the tall selection uere subjected to a 12

hour imbibition follou;ed by pre-incubations at SoC or 30oC for various

Iengths of time (O - ZO hours). Five different phospholipids urere

detected in the aleurone tissue viz. PI, PG' pC' LpC and PE. These urere

indentical to the phospholipids found in the durarf selection tissue

(Results 3.1 ).

Only the imbibition of r¡ater uras required to initiate phospholipid

synt,hesis, and an imbibition of 1 2 hours at 30oC brought about a large

increase in the total phospholipid content of the al-eurone tissue from

the de-embryonated seed of the tall sel.ection (fig. 26). Furthermore,

this increase in total phospholipid content continued for B hours during

the subsequent pre-incubation at either SoC or 30oC. Obviousì-yr pre-

incubation temperature had no effect on the phosphoJ.ipid levels (fiq.

26) and this uras in complete contrast to the effects that imbibit,ion or

pre-incubation temperature had on the phospholipids of the duarf

selection (rig. 24) ot of Kite (rig. 22).

Tables 34 and 35 present the effect of imbibition and pre-

incubation on the individual phospholipids of the aleurone tissue of

the taLl selection. Essentiallyr the behaviour of the individual

phospholipids confirm the trend found for the total phospholipid in

Fig. 26. Siqnificant increases urere found in the levels of PIr PG, PC
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Fiqure 26: Effect of imbibition and pre-incubation temperature
and time on the total phospholipid content of
aleurone tissue of CAP x f[D (¡ht3, tal].) selection.



/

500

Ø̂
L-o
CÚ

o
$t
ù)\

a-\
p
eo
-co.
Øo
-c
CL

G'+.o
þ

900

700

I ¿sD ß%)

30"c

5'C

o I 16
Pre-incubation time (hrs

/

/

/

o30

dry
seed

24
)



L52

and PE during imbibition, and these increases continuedr r¡ith the

exception of PG, durÍng the subsequent pre-incubation for I hours

(Tables 34 and 35). This trend uas manifested irrespective of the pre-

incubation temperatures and the phospholipid compositÍon of the

aleurone tissue of the taII selection after 20 hours of pre-incubation

uras remarkably similar to phospholipid composition of the aleurone

tissue of t,he dr¡larf selection after the dwarf tissue had been pre-

incubated at,5oC for 20 hours (Tables 15, 34 and 35). 0nce again, LPC

uras the only phospholipid found not to be affected at aII by imbibition

or any of the pre-incubation conditions (Tables 14,15r 34 and 35).

4.1.1 Effects of imbibition' pre-incubation time and temperature on

the acyl content and composition of phospholipids.

Tables 36, 37 and 38 present the fatty acid content, of t,he

phospholipids of the aleurone tissue from dry, as urell as pre-incubatede

de-embryonated seed of the tall selection. Essentially, the effects of

imbibition and pre-incubation t,ime and temperature on the acyl component

of phospholipids mirrored the effect t,hat these factors had on the total-

or individual phospholipid levels (fig. 26, Tables 34 - 38).

Table 36 present,s the fat,ty acid profiles of phospholipids in

aleurone tissue dry seed of the tall selection and a comparison of these

fatty acid profiles urith those after 1 2 hours of imbibition (controls

presented in Tables 3? and 38) gives the effect of imbibition on the

acyl content of the phospholipids. Siqnificant increases in some of the

fatty acid components of PI' PG, PC and PE r¡ere detected as a result of

imbibit,ion, resulting in similar increases in the leve1s of these

phospholipids (Tables 34, 35). Imbibition had no effect r¡lhatsoever on

any of t,he fatty acids of LPC.



Table 34.

Experimental

Treat¡nent

Dry Seed

12 hrs irùibition
(Control)

Pre-incubation

Phospholipid composition of aleurone tissue of CAP x fID (rht3, tall) de-embryonated seed

pre-incubated at 30oC for various lengths of time.

Phospholipid (uo Lipj:dlzl layers)

PI LPC PEPCPG

32xx

(2. a)"
25x

(o.r )

44

(z.t)

23g*x

(sz.s)

349

(so.z)

41

(s.s)

40

(o.s¡

44

(s.8)

44

(o.o)

43

(s. s)

76x

(r e.¡)

g4

(r s.r )

141xx

(t e.s)
x

129^

(z.q)
1 40xx

(r a.s)

94

(r s.r )

)hrstine (

I

16

2g

52

(o.s)

43

(s.s)
42

(s.z)

I$t
414

(s4.q)

406'(tÉ

(sa.e)
Ittt

404

( s¿.0 )

110x

( q.a)

11gr(

(r s.s)
t(

114

(r ¿.s)

* Significantly different from control at P = 0.05, x* P = 0.01

a Figures in parenthesis represent % composition of the phospholipids.
P
ul(¡



Tab1e 35.

Experirental
Treatrnent

Dry Seed

12 hrs irùibition
(Control)

Pre-incubation

Phosphotipid composition of aleurone tissue of CAP x MD (rht3, talI) de-embryonated seed

pre-incubat,ed at soC for various lengths of time.

Phospholipid (rg fipid/2O tayers)

PI LPC PEPCPG

)hrstime (

B

3200

(z.e)a
25x

(o.t )

44

(t.t)

46

(6.1)

44

(s. s)

48

(0.¡)

23gxx

(sz. s )

349

(so.z)

41

(e.s)

40

(o.s)

44

(s.s)
42

(s.6 )

46

(o.z)

'761(

(r e.¡)

94

(rs.r )

94

(r s.r )

136rÉ*

(re.¡)
132x

(tz.t)
1 35xx

(r e.o)

16

20

40gxx

(s+.e)
,Ét€

419

(ss.s)
;Ét(

409

(s+. z )

x
111^

(r+.s)
112

(r +.g)
lÉ

111

(r ¿. e)

lÉ Significantly different from control at P = 0.05r *lÉ P = 0.01

a Figures in parenthesis represent fl composition of the phospholipids.

Þ
UT

À



Table 36.

Phospholipid

PI

PG

PC

LPC

PE

Fatty acid profiles of phospholipids of aleurone tissue of CAP x MD (rht3, tall) dry seed.

Control tissue uas imbibed for 12 hrs at 3OoC (O frr pre-incubation).

16:0

Fatty acid (u g Lipidl?:O layers)
18:0 18:1

*

18:2 18:3

tÊ

13

I
96

I
28

x*

*
x*

tt

15

13

119

27

40

tÉ*

x

tÉ

x

*¡É
1

1

I
2

i

1

1

I
1

2

1

1

7

3

4

,É Significantly different from control at P ='0.05, r(n P = 0.01

P
(Jl
CN
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Eight hours of pre-incubation at either 30oC or 5oC had a further

stimulatory effect on some of the fatty acids of PI, PC and PE resulting

in the increases represented in Fig. 26 and Tables 37 and 38. Pre-

incubation for periods longer than I hours, regardless of the

temperature¡ had no effect on the fatty acids of any of the

phospholipids (fables 3? and 38).

Tables 39, 40 and 41 provide information regarding the effect of

imbÍbition or pre-incubation treatments on the percentaqe composition of

fatty acids of component phospholipids of the al-eutone tissue.

Obviously, neither imbibition nor the pre-incubation time or temperature

had any influence on the percentage fatty acid composition of any of the

phospholipids of the aleurone tissue of t,he tall selection. This uas in

complete contrast to the findings for the dr¡arf selection (Resul-ts

3.1 .1 ).

4.2 Sterol conversions in the aleurone tissue during imbibition of de-

embryonated seed of the tall selection.

The sterol composition of the aleurone tissue of the de-embryonated

seed of the taII selectionr imbibed for 12 hours at 30oC and pre-

incubated at SoC or 30oC fo¡ various lengths of time (O - ZO hou¡s) r¡as

also monitored to ascertain t,he affects of these factors on the sterols.

The four sterols detected uere sitosterol, campesterol, stigmasterol and

cholesterol and they uere found in both derivative and free forms. The

derivative forms urere comprised of acylated steryl esters and steryl

glycosides urit,h the former being more abundant.



Table 37.

Phospholipid

PI

PG

Pre-incubation
time (hrs)

0 (Control)

I
l6
20

0 (Control)

I
16

20

Fatty acid profiles of phospholipids of aleurone tissue of CAP x tïD (rht3, tall)
de-embryonated seed pre-incubated at 30oC for various lengths of time.

Control t,issue uas imbibed for 12 hrs at 30oC.

16:0

Fatty acid (ug Lípíd/2O layers)
18:0 18:1 18=2 18:3

39

61

56

62

:$(

tttÊ

l(tc

43

65

59

64

x

*.

,É

7

6

I
I

3

6

3

2

3

2

3

4

2

t+

3

2

1g

19

18

15

2

4

2

3

1?

24

15

18

3

2

4

2



Table 3? (continued)

PC

LPC

PE

O (Control)

I
16

2A

O (Eontrol)

I
16

20

0 (Control)

I
16

n

136

150

161

160

It

t(:l

Ir¡f

18

19

16

15

172

219

206

205

t$(

l$t

:É

:É

àt

13

11

11

10

11

12

13

12

10

16

12

14

6

5

t$

*

2

3

4

3

2

2

4

3

23

25

22

20

50

61

65

3

g*

6

I

3

1

1

4

4

5

4

7

35

32

36

33

2

3l*

5?x

:t Significantly different from control at P = 0.05r x* P = 0.01

H(,
\¡



Table 38.

Phospholipid

PI

PG

Pre-incubation

time (hrs)

Fatty acid profites of phospholipids of aleurone tissue of CAP x MD (rht3, tall)
de-embryonated seed pre-incubated at soC for various lengths of time.

Controt tissue uras imbibed for 12 hrs at 30oC.

Fatty acid (u g Lipid/20 layers)
16:0 1B:0 18:1 18:2 1B:3

ll
0 (Control)

I
16

20

0 (Control)

I
16

20

39

59

58

59

t(x

lÉ*

,ÉT

43

61

62

61

tÊ

x

tÊ

7

5

3

I

2

3

2

4

3

4

5

4

3

5

5

3

2

6

4

3

19

15

16

19

17

19

16

19

3

3

5

4



Table 38 (continued)

PC

LPC

PE

0 (Controt)

I
16

20

0 (Control)

I
l6
n

0 (Contro1)

I
16

20

:r

136

146

165

166

¡$É

tÍiF

18

18

17

14

3

g*

gx

^t(b

172

219

213

206

It*

l$t

lf

13

10

11

I

10

16

14

16

11

11

12

11

3

1

1

5

4

I
6

5

35

3s

33

33

2

5

3

5

23

22

24

22

2

5

1

4

2

5

6

4

It

t(

,ß

50

52

60x

61x

,€

Significantly different from control at P = 0.05r t$f P = 0.01

lJ
u|
@



Table 39.

Treatnent

12 hrs imbibition
(l )b

Pre-incubation
time (hrs)

Pre-incubation
temp (1 )

Pre-incubation

time x temp (3)

Effect of pre-incubatíon time and temperature on the fatty acid percentage composition

of various phospholipids of aleurone tissue of CAP x MD (¡ht3, tall) de-embryonated seed.

Phospholipida

PI PG LPC PE

7.36 8.33 9.21

PC

7.66

8.59

3.69

6.21

1 .59

1 .91

0.18

1 .96

4.90

2.95

5.31

1.42

5.01

3.073.25 5.68 3.66

a numerical values represent the PiIIaits test-statistic obtained from a multivaríate analysis of

variance of the fatty acid composition of individual phospholipids.
b values in parenthesis represent the degree of freedom of the treatment.

P
c¡
(o



Table 40.

Phospholipid

PI

PG

Pre-incubation
time (hrs)

0 (Control)

I
16

20

0 (Control)

B

16

20

Fatty acid percentage composition of phospholipids of aleurone tissue of CAP x fïD (rht3r tall)
de-embryonated seed pre-incubated at SoC for various lengths of time.

Control tissue uras imbibed for 12 hrs at 30oC.

16:0

41.5

43.2

43.8

44.O

42.9

33.0

36.1

40.3

18:0

7.O

3.8

2.6

5.9

4.1

7.4

5.3

7.4

18:2

45. g

45.3

46.7

45.2

38.6

40.8

37.2

39.2

18:3

2.3

4.6

3.0

2.3

7.O

8.1

11 .1

7.8

f Fatty acid
lB:1

3.3

3.1

3.9

¿.ô

7.4

10.7

10.3

5.3



Table 40 (continued)

LPC

Ptr

PE

0 (Control)

I
l6
20

O (Control)

I
16

2D

0 (Control)

I
16

20

27.O

26.2

28.8

23.9

38.8

35.7

39.5

40.5

4.5

10.7
'1.4

9.8

3.0

3.9

3.2

3.8

1.8

4.1

5.1

3.9

3.9

11 .1

2.4

8.5

5.1

4.4

4.O

3.3

3.3

6.9

6.7

57.5

49.2

58.1

48.1

49.4

53.6

50.7

50.3

7.1

2.8

3.3

9.7

3.7

2.4

2.6

2.1

37.2

34.9

29.5

30.2 5.8

53.7

46.4

53.6

55.3

4.O

7.7

5.1

4.8

H
o|
o



TabLe 41.

Phospholipid

PI

PG

Pre-incubation

time (hrs)

O (Control)

I
16

20

0 (Control)

I
16

20

Fatty acid percentage composition of phospholipids of aleurone tissue of CAP x MD (rht3, talt)
de-embryonated seed pre-incubated at 30oC for various lengths of time.

Control tissue uas imbibed for 12 hrs at 30oC.

16:0

41 .5

43.3

43.7

44.4

42.9

36.0

42.1

3s.7

18:0

4.1

8.3

5.0

7.7

18:2

45.9

45.7

45.6

45.7

38.6

46.6

3s.1

42.2

18:3

2.3

2.7

2.3

1.7

?.o

4.6

10.2

6.0

0

0

1

4.

6.

6.5

f Fatty acid
18:1

3.3

4.3

2.3

1.7

7.4

4.5

7.6

8.4



LPC 0 (Control)

I
t6
20

O (Control)

I
t6
20

0 (Contro1)

I
16

20

27.O

28.2

29.5

28.2

38.8

36.1

39.6

39.6

37.2

29.4

30.6

30.4

Table 41 (continued)

4.5

7.8

8.3

6.5

3.9

5.1

10.0

8.5

s.1

4.5

3.9

3.7

3.3

6.9

5.0

7.5

57.5

55.8

49.0

47.O

49.4

53.0

50.8

50.8

53.?

55.9

55.7

52.0

7.1

3.1

3.2

9.8

3.7

2.6

2.8

2.4

4.O

4.7

3.8

5.8

PC

PE

3.0

3.8

2.9

3.5

1.8

3.1

4.9

4.3

H
o)
H
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Fig. 2? clearly shou;s that in aLeurone tissue from the dry seed of

the taIl selection, most of the sterols ulere in t,he derivat,ive form and,

during the 12 hour imbibition (0 hours pre-incubation), most of them

Uere converted to the free folm. This gave rise to an equivalent

complement of free sterols in the 12 hour imbibed aleurone tissue.

Further pre-incubation at SoC or 30oC, for any lengths of time examined,

had no effect on the levels of either free or esterified and glycosidic

sterols. In general¡ the behaviour of the sterols uras quite similar to

that found in the case of the duarf select,ion (figs. 25' 2?).

Tables 42, 43 and 44 present profiles of individual sterols, in the

glycosidic, esterified and free forms, during imbibition and pre-

incubation. The individual sterols follour t,he trend represented for

their totals in Fig. 27. Aleurone tissue from.dry seed of the tall

selection uias more abundant in both sLeryl glycos.ides and st,eryl esters.

fn both cases, the esterified and glycosidic forms of sitosterol uras

most prevalent follouied by campesterolr. cholesterol and stigmasterol

(Tables 42 and 43). As a result of 12 hours imbibition both steryl

glycosides and steryl esters uere reduced drasticallyr probably as a

resuÌt of hydrolysis . Further pre-incubations had no influence on

their leve1s (Tabtes 42 and 43).

In the case of free sterols¡ of the foun types detected, the most

abundant, uras siùoste¡ol folloued by campesterol (laUte +¿). The free

sterols uere the least abundant but there uras a dramatic rise in their

levels after 1 2 hours of imbibition, co.inciding uith the disappearance

of the esterified and glycosidic sterols (Tabtes 42, 43 and 44). Further

pre-incubation at, all the conditions examined had no effect uhatsoever

on the levels of the free sterols (TaUle 44).
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Fiqure 27: Effect of imbibition and pre-incubation t,emperature

and time on the total sterol content of aleurone

tissue of CAP x fID (rht3r tall) selection.

O 
"nO 

O derivative sterols (SG and SE)

! anO ! free sterols
[mean values not significantly different for
SoC or 30oC pre-incubation temperature]
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Tab¡e 42. Steryl glycoside composition of al-eurone tissue of CAP x fÏD (rht3, tall) de-embryonated seed

pre-incubated at, 30oC or 5oC for various lengths of time.

Experimental

Treatment

ûry Seed

12 hrs imbibition
(Control)

Pre-incubation
time (hrs) at ¡OoC

I
16

20

Pre-incubation
time (hrs) at SoC

I
16

20

Stero1 Gg lipid/zo layers)

Cholesterol

4.2
tt

1.3

0.5

0.4

0.3

o.2

o.2

o.4

Campesterol

13.0
x)É

2.2

2.6

2.O

1.5

1.2

1.6

1.6

Stigrnasterol

4

0.8

0.3

0.6

0.8

1.0

0.8

1.0

Sitosterol

35.1
*lÊ

3.7

2.2

2.3

2.8

2.6

2.6

3.1

ì()É
1

H
O)
+'.

l( Significantly different from control at P = 0.05r '(* P = 0.01



Table 43.

Experimental

Treatnrent

Dry Seed

12 hrs imbibition
(Controt)

Pre-incubation
tine (hrs) at 30oC

I
16

20

fre-incubation
time (hrs) at soC

I
16

20

Steryl ester composition of aleurone tissue of CAP x MD (rht3¡ tall) de-embryonated seed

pre-incubated at 30oC or soC for various lengths of time.

Sterol (ug lipid/20 layers)

Cholesterol Campesterol Stigrnasterol Sitosterol

8.2 25 6.3
ìt

63

1.4 6.7

¡É)É ^*xb
t(*

6

2.1

o.7

0.6

1.0

0.6

0.5

0.5

4.2

3.2

3.2

4.1

3.0

4.7

4.6

0.6

1.0

1.5

1.0

1.O

1.0

6.0

7.1

5.8

6.3

4.3

6.3
H
o')
LN

* Significantly different from control at P = 0.05r xrÉ P = 0.01



r66

4.3 Discussion

The main advantages of examining the behaviour of the phospholipids

in the al-eurone tissue of the t,all selection' under similar conditions

of imbibition and pre-incubaLion to that used ulith t,he duarfr is thaL Ít
yields useful comparisons u.rith respect to the effect of loul temperature

on the tuo genotypes. This is emphasized by the facts that both

genotypes r¡ere the product of the same initial crossr uJBrê grouJn and

harvested under similar environmental condit-ions, and r:lere isogenic t¡ith

respect to the Rht3 gene.

Tuo important contrasts emerqed from the comparison of the

phospholipid behaviour of t,he aleurone tissue of the tall selection urith

that of the dularf selection. Firstly' only the imbibition of ulater uras

required to initiate the synthesis of all- the major phospholipids of the

aleurone tissue of the tall selection. This uas quite similar to earlier

findings (Varty and Laidman, 19?6 ; wlirbahar and Laidman, 1982).

Secondly, pre-incubation temperature had no effect on either the

phosphol-Ípids or their fatty acids of the tissue of the tall selection.

These tr¡o differences, uhen considered urith the absence of any Rht (Rht3

in this case) allele in the t,all sel-ection, underlines the possibility

that the presence of the Rht gene miqht be responsibl-e for the observed

aberrations in phospholipid metaboliém of both Kite and the duarf

selection aleurone tissues. Further comparison of the phospholipid

composition of the aleurone tissue of the tall selection (pre-incubated

for 20 hours at 50 or 30oC) r¡ith that of a 20 hour - SoC pre-Íncubated

aleurone tissue of the duarf selection shous t,hem to be remarkably

similar Tables 1 5, 34 and 35). It is pertinent to point out that under

the above mentioned conditions of pre-incubation, the aleurone tissue of

the tr¡¡o lines displayed similar GA3 sensitivities (Results 1 .2.2).



Table 44.

Experinental
Treaûrent

Dry Seed

12 hrs irnbibition
(Contro1)

Pre-incubation
time (hrs) at, ¡ooc

I
16

2g

Pre-incubation
time (hrs) at soC

I
16

20

Free sterol composition of aleurone tissue of CAP x MD (rht3, tall) de-embryonated seed

pre-incubated at 30oC or soç for various lengths of time.

Sterol (ug fipid/20 layers)

Chol-esterol Campesterol Stigrnasterol Sitosterol

l(* 12.3
)Í*

0.8 0.8

10.0 35.6 8.3 95.6

t$É xx
3.5

10.4

8.2

9.2

oq

11.2

7.2

38.6

3?.6

35.6

40.2

39.8

38.3

o?

8.3

9.2

7.8

9.3

8.6

oo?

1 00.1

96.3

95.3

98.6

97.2
H
O)\]

t( Significantly different from control at P = 0.05r *)s P = 0.01
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Thusr the lou temperature treatment is not only able to equalize

the GA3-sensitivities of the tr¡o tissues (Results 1.2.2) but aLso their

phospholipid compositions. This underlines Lhe likelihoocJ that' at least

in the case of the aleurone tissue, Iout temperature treatment is able to

circumvent, or rcurer the lesions caused by t,he presence of t,he Rht gene,

r¡ith respect to bot,h GA3-sensitivity as uell as phospholipid

composition. Further, since the aleurone tÍssue of the taII selection

attained its maximal GA3-sensÍtivity during a period of 12 hours

imbibition folloued by I hours of pre-incubation (Results 1.2.2), and,

as it is also during this period that all the phospholipid synt,hesis

takes place (Tables 34 and 35), it does seem that phospholipid synthesis

during imbibition/germinat,ion and GA3-sensitivity may have a rcause-and-

effectr relationship.

Ujith respect to the sterols, once again, as in the case of the

aleurone tissue of Kite and the durarf selectionr Fìorìe of the pre-

incubation factors examined had any speiific effect on their metabolism.

Qnce again the dramatic nature of the disappearance of the esterified

and glycosidic sterols during imbibition, and the appearance of free

sterols in equivalent amounts¡ underlines a storage role for the

derivative sterols in the.mat,ure r¡¡heat aleurone tissue.
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tr Effect of various inhibitors on lipid metabolism and GA¡-

sensitivity of the r¡heat aleurone tissue of CAP x fvD (rht3, blf)

selection.

In the previous sections (Results 3 and 4), it uas found that, in

the aleurone tissue, active phospholipid biosynthesis uas l-inlced urith

the development of GA3-sensitivity. fn this section, this observation

has been examined by using various inhibitors uhich have been reported

to be involved in the inhibition of phospholipid, fatt,y acid or sterol

biosynt,hesis.

0f the inhibitors used in this study, Gammexane (micnett, 19?5),

Diclofop-meùhyl (Hoppe, 1980, 1981 ), Chlorpromazine and T¡ifluoperazine

(Attan and fvlichell, 19?5) are reported to be inniUitors of phosphotipid

biosynthesis; BASF 13-338 is reported to be an inhibitor of 18:3

biosynthesis (St. John and Christiansen, 19?6 ; St. John et aI., 19?9)

and SK&F ?99?-43 is reported t,o be an inhibitor of sterol biosynthesis

in both animal (Kram1 et al.,1964) and plant (Douglas and PaJ-egr 19B1a)

systems.

5.1 Effect of various inhibitors on GA3-sensitivity

De-embryonated seed of the tall selection (CRp x mO, rht3) urere

used to test the effects of the inhibitors on GA3-sensitivity. The pre-

incubation period in this case uras of 24 hours at 30oC and, in essence,

it uras equivalent to the 1 2 hours of imbibition + I hours of pre-

incubation period studied previously (Results 1.2.2). This decision to

combine the tuo periods, imbibition and pre-incubation, into one uras
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made on the basis of the fact that, at the end of the I hours of pre-

incubation the CAP x fïD(rht3, talL) tissue displayed maximal GA¡-

sensitivity (Results 1.2.2) and any inhibitory effects of the inhibitors

uouLd presumably be easily picked up.

Various concentrations of SK&F 7997-43, BASF 13-338' Chlorpromazine

and Trifluoperazine uere made up in 5 ml of distilled uater. In the

case of both Chlorpromazine and ïrifluoperazine, the pH uas adjusted to

5.3 before carrying out, the pre-incubations or incubations. Surface

sterilized de-embryonat:d seed of the tall selection ulere pre-incubated

r¡rith the stipuJ-ated concentrations of the inhibitors for 24 hours at

30oC. At the end of this period the de-embryonated seed uere thoroughly

ulashed and transferred to 5 ml of Ca(N03)2 containing 0.1 u g/ml GA¡.

After a further incubation of 24 hours at 30oC' the o -amylase activity

in the ambient, solution and tissue ùrere assayed to determine t,he effect

of the inhibitors on the GA3-sensitivity during pre-incubation. In the

case of the ofher tuo inhibitors, Gammexane and Diclofop-methyl, all-

procedures uere exaclty as detailed above except that the inhibito¡s

ilere delivered in 20 ¡r1 of acet,one. The controls fo¡ these inhibitors

also contained 20 ul of acetone.

lJhen the effect of the inhibito¡s during the incubation period uras

to be studied' the de-embryonated seed tuere pre-incubated for 24 hours

at, 30oC before exposinç them to t,he stipulated concentrations of the

inhibitors and 0.1 u g/mì. GA3 for a further 24 hours. Alpha-amyJ-ase

produced at, the end of this period u¡as measured to determine the effect

of t,he inhibitors on the GA3-sensit,ivity during incubation.

Tables 45, 46 and 47 provide information regarding the effects of

BASF 1 3-338, Chlorpromazine and Trifluoperazine on the GA3-sensitivity
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Table 45

Effect of BASF 1 3-338 included in the pre-incubation or

incubation periods¡ orì d-amylase production by CAP x MD (rht3r

tall) de-embryonated seed. Pre-incubation uias carried out for

24 hours at 30oC + inhibit,or foll-or¡ed by 24 hour incubation

uith 0.1 ug/ml GA3 and + inhibitor.

Treatment fnhibitor concentration
(psl*r )

o-amylase SIC per
halfseed

Inhibito¡ included
during pre-incubation

Inhibitor included
during incubation

0 (control)

50

100

200

400

0 (control)

50

100

200

400

25.68

23.74

24.18

22.75

24.62

26.35

24.72

23.85

25.32

24.68

n. s.

n. s.

n. s.

rì. s.

n.s.

rì. s.

fl .S.

Fl .S.

n.s. Treatment not significantly different from control at P = 0.05.
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Table 46

Effect of Chl-orpromazine included in the pre-incubation or

incubation periods, on cr-amyl-ase production by CAP x MD (rht3,

tafl) de-embryonated seed. Pre-incubation uas ca¡ri-ed out for

24 hours at 30oC + inhibitor follor¡ed by 24 houi incubation

urith 0.1 ug/ml GA3 and + inhibitor.

T¡eatment Inhibitor concentration
(mtYl)

q-amylase SïC per
halfseed

Inhibitor included
durinq pre-incubation

Inhibitor included
during incubation

0 (control)'

0.01

0.10

1.0

2.O

0 (control)

0.01

0.10

1.0

2.O

25.65

26.84 n.s.

27.48 n.s.

23.24 n.s.

25.41 n.s.

27.45

24.95

25.91

26.84

28.32

D.S.

f'|. s .

n. s.

n. s.

n.s. Treatment not significantly different from control at P = 0.05.
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Effect of TrÍfluoperazine included in the pre-incubation or

incubation periodsr or-ì c-ârTìylase production by CAP x fïD (rht3,

taII) de-embryonated seed. Pre-incubat,ion uas carried out for

24 hours at 30oC + inhibitor follor¡ed by 24 hour incubation

r¡ith 0.1 ug/ml GA3 and + inhibitor.

Treatment Inhibitor concentration
(mlY|)

c-amylase SIC per
halfseed

Inhibitor included
during pre-incubation

Inhibitor included
during incubation

0 (control)

0.01

0.10

1.0

2.O

0 (control)

0.01

0.1

1.0

2.O

24.63

26.21

25.32

27.23

25.85

fì.s.

n. s.

f'ì.5.

n. s.

26.32

24.84 n.s.

25.?5 n.s.

26.38 n.s.

27.1 0 n. s.

n.s. Treatment not significantly different from control at P = 0.05.
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of the aleurone tissue froin the de-embryonated seed of the tall

selection. AII concentrations of BASF 1 3-338, included either during

pre-incubation or incubation periods had no effect on the GA¡-

sensitivity of the aleurone tissue of the tall selection. This u¡as shoun

by the comparable amounts of a-amylase produced by both the control and

treated tissues (faUfe +S). Similan conclusions can be drawn for both

Chlorpromazine (taute 46) and TrifJ-uoperazine (Taute ¿?).

Fig.28 gives the effect of various concentrations (0.25 - 5 mg/mf)

of SK&F 7997-43 on t,he GA3-sensitivity of the aleurone tissue from the

de-embryonated seed of t,he tall select,ion. UJhile the presence of the

inhibitor during the pre-incubation period tuas able to curtail the c-

amylase response, the inhibitor had no ef.fect urhatsoever on the response

during the incubation period. This inhibitory effect rrras ðoncent,ration

dependent and, at a concentration of 5 mg/ml, SK&F ?99?-43 rrras able to

cut douln the GA¡-response of the tissue to only 3% of the control.

Figs. 29 and 30 give the effect of Gammexane and Diclofop-Methyl on

the GA3-sensitivity of t,he aleurone tissue from the de-embryonated seed

of the taII selection. Essentially, the nature of the effects of the

inhibitors on the GA3-sensitivity' in the case of Gammexane and

Diclofop-wlethyl, uras the same as that oÞserved r¡ith SK&F ?99?-43 (Figs.

28, 29, 30). One difference in the case of Diclofop-fvlethyl (1 mM) uras

the slight inhibition of the q-amylase response urhen the inhibitor uras

present in the incubation period (fig. 30).
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Fiqure 28: Effect of SK&F-7997-AJ included in the pre-incubation
or incubation periods, on d -amylase production by CAP

x MD (rht3, tall) de-embryonated seed.

Pre-incubation uas carried out for 24 hrs at 30oC t
the stipulated dose of the inhibitor. fncubation uras

carried out for 24 hrs at 30oC urith 0.1 pg/ml GA3 r
the stipulated dose of the inhibitor.

O 5K&F-?99?-43 included during incubation

SK&F-?997-43 included during pre-incubation

I
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Figure 29: Effect of Gammexane included in the pre-incubation or
incubation periods, on the a-amylase production by

CAP x fID (rht3, tall.) de-embryonated seed.

Pre-incubation uas carried out for. 24 hrs at 30oC t
the stipulated dose of the inhibitor. Incubation uras

car¡ied out for 24 h¡s at 30oC urith 0.1 uq/ml GAa t
the stipulated dose of the inhibitor.

Gammexane Íncluded during incubation

Gammexane included during pre-incubation

C

E
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Fioure 30: Effect of
incubation
production

seed.

Diclofop-fïethyJ. included in the pre-
or incubation periods, on the c-amylase
by CAP x fïD (rht3., taII) de-embryonated

Pre-incubation uas carried out for 24 hrs at 30oC t
the stipul-ated dose of the inhibitor. Incubation uas

carried out for 24 hrs at 30oC urith 0.1 p g/ml GA3 t
the stipulated dose of the inhibitor.

C Diclofop-fïethyl included during incubation

Diclofop-Methyl- included durinq pre-incubation
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5.2 Effect of va¡ious inhibitors on the lipid nretabolism

Once again, the tr¡o periods of 12 hours of imbibition and I hours

of pre-incubation, employed in earlier experiments (Results 4), urere

combined into a 24 hours pre-incubation period. This decsion to combine

the tuo periods, imbibition and B hours of pre-incubation, into one uas

made on the basis of the fact that during these periods t,he CAP x MD

(rht3, taII) aleurone tissue displayed active lipid biosynthesis and any

inhibitory effects of t,he inhibitors urould presumabJ.y be easily picked

up. De-embryonated seed of the tall selection urere pre-incubated fot 24

hours at 30oC urith the various concentrations of the inhibitors and, at

the end of this period, t,he phospholipids uere extracted and analysed.

The three inhibitors Gammexane, Diclofop-Methyl and SK&F 7997-AJ uiere

selected on basis of the results presented earlier (Results 5.1 ) uhere

these three inhibitors, rLihen present during the pre-incubation period¡

uere shouln to inhibit the o-amylase response. 0nly the concentration of

the inhibitor having the maximum inhibitory effect on the a-amylase

response uras selected for these experiments (Figures 28¡ 29 and 30).

Table 48 shor¡s the effect that, 1 mfvl Gammexane, 1 mM Diclofop-Methyl

and 2.5 ng/nI SK&F 799?-A= had on the constituent phospholipids of the

aleurone tissue of the tall selection. 0nce again, only the imbibition

of r¡at,er was required to initate the synthesis of PI, PG''PC and PE, and

the levels of these phospholipids in the control tissue uras quite

comparable to that found eârLier (Tables 34, 35 and 4B). UJhiIe the

presence of Dicl-ofop-fvlethyl and Gammexane had no effect on the levels of

any phospholipid, 2.5 ngfnL SKAF ?99?-Aa had a st,rong inhibitory effect

on the leve1s of PI, PC and PE. It is of ínterest, that these uere the

three phospholipids t¡hose levels ulere significantly increased by loul



Table 48.

Treatnent

Dry Seed

24 hrs pre-incubation

at 30oC (control)

24 hrs pre-incubation

r¡ith 1 rúIl Garmexane

24 hrs pre-incubation

r,¡ith 1 rúvl Diclofop-Methyl

24 hrs pre-incubation

r¡ith 2.5 mg/mt

sK & F-79S7-43

Phospholipid (ug l-ipi:d/z0 layers)

PG PC LPC

239

438

419

422

*r(

Effect of.various inhibitors included in the pre-incubation period on the phospholipids

of CAP x MD (rht, tall) aleurone tissue. Pre-incubation of de-embryonated seed

uras camied out for 24 hrs at SOoC 'rrith various inhibitors and phospholipids

r¡ere analysed at the end of this period.

The control had 20 Ul acetone/S mI of the pre-incubation medium.

PI

40

146

133

138

t()(

**

x)É)€*

PE

8244

49

46

23

46

43

52

114

119

120

87

4S

4826637
t$É

47

H{
(o

)Í Significantly different from Control at P = 0.05r *x P = 0.01
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temperature pre-incubation of the de-embryonated seed of the du¡arf

selection (Tables 14 and 15).

Table 49 shous t,he lack of effecL of the inhibitors on the free

fatty acids of t,he aleurone tissue from the de-embryonated seed of the

talt selection. The free fatt,y acids uere analysed aft,er a pre-

incubation r¡ith the inhibitors of 24 hours at 3OoC. Neither Lhe 24 hours

pre-incubation nor the presence of any of the inhibitors had any effect,

on the free faLty acids of Lhe aleuröne tissue.

Tables 50 and 51 shor¡ the effects LhaL a 24 hour pre-incubation

r¡ith the inhibitors had on the derivative (st,ery1 est,ers and st,eryl

glycosides) and free sterols of the aleurone tissue from the de-

embryonaLed seed of the taII selection. The levels of derivative sterols

detected in aleurone layers from dry seed uere quite high and comparable

urith those found earlier. A 24 hour pre-incubation/imbibition period

dramatically decreased their levels, a situation also found earlier

(Tabtes 42, 43 and 50). None of the inhibitors had any effect, on the

levels of derivative sterols of the aleurone tissue from the de-

embryonated seed of the taII selection (faUfe SO). A 24 hour pre-

incubation brought about large increases in the l-evels of free sterol-s

of the aLeurone tissue of, the tall selection (laUte S1 ). This r¡as again

akin to the earl-ie¡ findings (TaUte ++). 0nce again none of the

inhibitors had any effect on the levels of any of the free sterols of

the aleurone tissue (Table 51 ).

5.3 Discussion

De-embryonated seed of the tall selection uere used in this study

as they urere found to have both hiqh GAa-sensitivity and active

phospholipid biosynthesis.



Table 49. Effect of various inhibitors included in the pre-incubation period on the free fatty acids

of the aleurone tissue of CAP x fvtO (Rnt, tall) seed.

Pre-incubation uas carried out for 24 hrs at 30oC r¡,ith various inhibitors
and free fatty acids uere analysed at the end of this period.

The control had 20u I acetone/S ml of the pre-incubation medium.

Treatment

Dry Seed

24 hrs pre-incubation

at 30oC (control)

24 hrs pre-incubation

r¡lith 1 rÛl garmexane

24 hrs pre-incubation

r¡rith 1 nfil Diclofop-Methyl

24 hrs pre-incubation

r¡ith 2.5 mg/ml

sK & F-7997-43

16.0 18.0

Free Fatty Acid (u g fipid/2O tayers)

1 8.1 18.2

46

51

21

47

Total free fatty acid
( rs lipid lzoLayexs)

112

18.3

4

tr
J

27

27

6

7

28

33

?7

29

30

4545

122

110

1176

6

25I

7 H
æ
P

27 43 114



Table 50.

Treatment

Dry Seed

24 hrs pre-incubation

at 30oC (control)

24 hrs pre-incubation

r¡¡ith 1 rfYl Garmexane

24 hrs pre-incubation

r¡ith 1 rúv'l Diclofop-llethyl

24 hrs pre-incubation

¡¡¡ith 2.5 mg/ml

sK & F-?997-43

Effect of various inhibitors included in the pre-incubation period on the derivative

sterols (steryl glycosides and esters) of aleurone tissue of CAP x fID (rht3, taII)
seed. Pre-incubation uas carried out fot 24 hours at 30oC ulith va¡ious inhibitors and

the derivative sterols r¡ere analysed at the end of this period. The control had 20 ¡rI
acetone/Sml of the pre-incubation medium.

Steryl glycosides + Steryl esters (u g fipid/ZO laye¡s)

Cholesterol Campesterol StignrasteroÌ. Sitosterol

tÉ* x)É xx xrÉ
14.6

5.6

3.2

4.2

5,2

34.3

6.8

5.2

4.3

5.1

11 .3 1 00.4

11 .5

9.3

1 0.8

9.6

4.2

3.4

2.3

3.8

P
N

¡Étt Significantty different from Control at P = 0.01
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Effects of SK&F 7997-AJ on the a-amylase response, as uell as on

phospholipid biosynthesis, quite clearly supporL the earlier findings in

this r,rork. The ability of SK&F 7997-AJ to inhibit tlre cr-amylase response

could be ascribed to its ability to inhibit the biosynthesis of PI, PC

and PE (Fig.28 and Table 4B), especially since PI, PC and PE ulere found

to be highly correlated uith the a-amylase response (ResuLts 3.1.2) and,

also¡ as their synthesis uas found to be occurring during the 24 hour

imbibition/pre-incubation period in the aleurone tissue of the tall
selection (ResuJ-ts 4.1 and Table 48). This rL¡oul-d also expl-ain uhy the

inhibitor had no effect on the o-amylase response ulhen present only

during the incubat,ion period (rig. 28); trre de-embryonated seed used in

this case had undergone a 24 hour pre-incubation and thus, the aLeurone

tissue r¡ould already have its normal content of these phospholipids

(TaUle 48). These results indicate that, in addition to being an

inhibitor of sterol biosynthesis, SK&F 7gg7-43 may also be a

phospholipid biosynthesis inhibito¡. This is an interesting, important

and unexpected finding.

The fact that SK&F ?997-A= had no effect on sterol metabolism

(Tables 50 and 51 ) support,s the earlier findings of this urork. It uras

concluded earlier (Results 2.2, 3.1.3 and 4.2) that, the free sterols

appearing at the end of the imbibition period rdere the result of

mobilization of the steryl esters and glycosides. This suggests that

littre sterol synthesis uras occurring and, since sK&F zgg?-A- is an

inhibitor of sterol bÍosynthesis, it r¡ould be expected to have no effect,

on the f¡ee sterol levels found at the end of the 24 hour pre-incubation

period (Taute s1 ).



Table 51.

Treaü¡ent

Dry Seed

24 hrs pre-incubation

at 30oC (controt)

24 hrs pre-incubation

r¡ith 1 n{Yl Ganrnexane

24 hrs pre-incubation

uith 1 rlvl Diclofop-Flethyl

24 hrs pre-incubation

r¡ith 2.5 mq/ml

sK & F-79s7-43

Effect of various inhibitors included in the pre-incubation period on the free

sterols of the aleurone tissue of CAP x fïD (rht3, tafl) seed. Pre-incubation of de-

embryonated seed uas carried out fot 24 hours at 30oC ulith various inhibitors and the

free sterols urere analysed at the end of this period.

The control had 20 u lacetone/sml of the pre-incubation medium.

Free sterols (uq Lipid/zo layers)
Campesterol StigmasterolCholesterol

1.2

9.6

10.5

8.8

*tÍ** **

Sitosterol

13.8
lÊx

96 .4

94.5

95.5

97.4

3.6

31 .4

32.5

34.7

1.s

9.4

10.8

9.2

11 .29.8 38.4

P
æ
$

ì(* . Siqnificantly different from Control at P = 0.01



185

The fact that neither 24 hours pre-incubation nor any of the

inhibit,ors examined had any effect on t,he levels of free fatty acids

found in the aleurone tissue of the taII selection (taUte 4g), uould

indicate eiùher t,hat t,he free fatty acids as such are not involved in

the GAa-response of the tissue' or that their concentrations r¡ere not

suffíciently altered to interfere r¡ith the response of the tissue.

The effect,s of Gammexane and 
. 
Diclofop-f4ethyl on the a -amyJ-ase

response and phosphoìipid meLabolism seem to be more difficult to

interpret, especially since they are knoun to be inhibitors of

phospholipid synthesis. HouJever, it is possible that the Lack of any

inhibitory effect of Gammexane and Dicì-ofop-fïethyJ- on the phosphoJ-ipid

synthesis of the uheat aleurone might be due to an intrinsic property of

the tissue itself. The abitity of the inhibitors (Gammexane and

Diclofop-fvlethyl) to innibit the c-amylase response urithout affecting the

phospholipids might indicate thatr in addition to active phospholipid

biosynthesis' there is an additional factor or factors ulhich is involved

in the development of GA--sensitivity during the pre-incubation period.

Obviously, uhile SK&F 7997-A- influences phospholipid biosynthesis, both

Gammexane and Diclofop-Hethyl might be acting on this other factor/s.

Another possibility is that both Garnmexane and Diclofop-wlethyl

interact uith a certain component/s of the aleurone tissue, and tchanger

its property/ies. Obviously, such a tchanget uould not only have to be

the cause of the observed inhibition of the o-amylase response but also

be a time-dependent process to explain uhy the inhibitors had no effect

on the oramylase response uhen present exclusively during the incubation

period. Changes in membrane permeabilÍty seem to be one such candidate

as both Diclofop-Methyl and Gammexane have been shouln to pert,urb ionic
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cont,ent,s of tissues. A requirement for Ca++ ions has been shouln for the

synthesis and secretion of a-amyJ-ase in isolated cereal aleurone layers.

In additionr both Gammexane and Diclofop-wlethyl have been shouln to

increase the leakage of amino compounds and ínorganic ions in plants

and, more important,ly¡ this effect took place in a tÌme-dependent

manner. (Hoppe.' 1980 ; Schefszuik and Símonis, 1g?g ¡ Chrispeels and

Varner, 196? ; Gooduin and Carr, 1972ó). A period of 24 hours pre-

treatment, at least in the case of DicJ-ofop-Meùhy1' uras required to

obtain a significant leal<age of the amino compounds (Hoppe, 1980).

Perhaps the use of shorter pre-incubation periods or J-onger incubation

periods, r¡ith the inhibito¡s, r¡ould have clarif ied Lhe situation

further.

0verallr the experiments r¡ith the inhibitors once again underline

the arguments discussed in the Introduction, (Z.Z.Z), regarding the

difficulties in interpreting their results. Lack of specificity of

action of the inhibit,ors is the mai.n Oifficulty and is aluays going to

be a probJ-em. Hence, in the light of our incomplete knor¡ledge of the

effects of the inhibitors' any conclusions draun from the experiments

r¡ith SK&F 7997-43, Gammexane and Diclofop-fvlethyl must be regarded uith

caution.

The effects of BASF 1 3-338, Chlopromazine and Trifluoperazine on

the tipid biosynthesis of the aleurone tissue from the de-embryonated

seed of the tall selection, uJere not examined in this study due to their

Iack of effect on the GAa-sensitivity. Obviouslyr further

experimentation involving the effects of these inhibitors on the lipids

of the aleu¡one tissue is needed, before drarrring any conclusions
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regarding their lack of effect on the GAa-response. The lack of any

effect of Trifluoperazine on the GAr-sensitivity found in this uork does

not agree urith r¡ork carried out earlier by Elliot et aI. (t9g¡) in r¡hich

Trifluoperazine uras shor¡n to curtail the c-amylase response of the

barley aleurone layers.
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IV GENERAL DISCUSSION

The main aim of this t¡ork uas to examine the possibilit,y of a

membrane-based site of GA= action in the wheat, aleurone system. The lor¡

temperature-induced increases in GA--sensitivity and phospholipid

augmentation in the u¡heat aleurone sysLem, u¡hen considered in unison,

clearly underline this possibility.

The lour GAr-insensitivity detected in t,he aleurone tissue/de-

embryonated seed of Rht2/Rht3-containing varieties, unless exposed to

lor¡ temperature (Results 1.1 and 1.2), is probably due to the complete

lack of synthesis of certain phospholipids during imbibition. This

suggestion is supported by the generally accepted vier¡ that the

imbibition of uater is the principal event responsible for initiating

the synthesis of phospholipids in r¡heat aleurone tissue, and that this

synthesis of phospholipids' and it,s associated development of membranes,

are probably pre-requisites for the GA- responsiveness of the tissue

(Varty and Laidman, 19?6 ; Laidman, 1982). fYlore support for the above

stated hypothesis comes from the fact that, in the tal-l selection,

active synthesis of all the phospholipids (except LPC) during imbibition

is also associated r¡ith hiOh GA--sensitivity (Results 4.1). Results from

the experiment uith inhibitors also support, albiet uith certain

qualifications, the concept of a link betr¡een phospholipid augmentaLion

and subsequenL development of GA=-sensit,ivity (Resul-ts 5).

It has been sugqested' that the GAa;-insensitivity in r¡heat aleurone

tissue containing the Rht,3 gene, fiay be ¡elated to a l-ack of receptor

molecules of GAa (Ho et a1., 1981 ; Gale and fYlarshallr 19?5). Due to

the probability that the lour temperature-induced increase in GA¡-
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sensitivity is not a result of changes in the relative amounts of

isozyme produced by o -amylase structural genesr or the starch

liquefaction capacity of the enzymes, or the lag-time of ct -amyLase

product,ion' or alterations in the cellular metabolism of the aleurone

tissue (except phospholipid synthesis) (Discussion 1.3), it seems likel-y

that the lour temperature treatment rrrhich rrcufesrr or circumvents the

genetic lesion manifest in the aleurone tissue of fulJy matured seed

containing the Rht3 gene is a resul-t of an increase of effective hormone

receptor sites.

Strong evidence for this statement comes from the experiments of

other research r¡orkers urith isogenic lines (nnt¡/rht3). Flintham and

Gale (tSgZ) found that, the introduction of the Rht3 gene caused a 77(n

reduction in q-amylase produced by the dularf selection ulhen compared to

the taII selection. The fact that a 20 hour pre-incubation at soC is

able to bring the maximal. c-amylase responses of the drrlarf and tall

sel-ections to parr indicates the full restoration of the cr -amylase

response, affected probablyr by t,he loul temperature-induced increase in

GAa-receptor sites (Results 1.2.2). According to this line of argument,

the tall selection r¡ould have the full/normal complement of GA--receptor

sitesr and¡ thus, pre-incubation temperature r¡ould have little or no

effect on the GAa response of the tall selection. This uas indeed uhat

uas found (Resu1ts 1.2.2).

GÍven that the already stated similarities of the lor¡ temperature-

induced increase in GAa-sensitivity of aleurone t,issue/de-embryonated

seed of Rhtl r Rht2 and RhtS mutants, and the fact that lor¡ temperature-

induct,ion of GAa-sensitivity seems to be operative in aleurone tissue of

only varÍeties having at least one of the three Rht alleles (Results 1 ),
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it is probabler thereforer that the loul t,emperature treatment effect

which rrcuresrr or circumvents the genetic lesions manifest in the Rhtl

and Rht2 genotypes, is the same as that effective in the Rht,3-containing

genotype i.e. an increase in GAa receptor sites.

Invoking a rlorrl temperature-induced increase in GA--receptor sitesr

hypothesis also explains uhy the magnitude of the lor¡ temperature-

induced increase in GAa-sensitivity is GA--concent,ration dependent in

aII the experiments. At the louer GAa concentration (O.Ot ug/ml), GA¡

itself urould become a limiting factore unable to saLurate the increased

number of GAa-receptor sites produced as a result of the l-otL.r temperature

treatment (Results 1.2,1 and 1 .2.2 Ho et al-., 1981 ). Furthermore, the

results from all experiments indicate that the lou temperature-induced

increase in GAa-receptor sites is not an lall-or-noner process but a

quantitativee temporal- one, since a 20 hour pre-incubation at soC aJ-uays

produced a significantly qreater amount of a-amylase than a 1 6 hour pre-

incubat,ion at the same temperature (Results 1.2.1 and 1'.2.2). This r¡ould

imply ùhe co-existance of bot,h activated and non-activated cells in the

same aleurone tissue, a situation very similar to the one suggested

earlier (Gibson and Paleg, lgBZ).

If the overall effect, of lor¡ .temperature on Rht3-containing

varieties is an increase in hormone receptor sites, then clearly, the

simplest int,erpretation of the extremely close relationships bet,ueen

phospholipid composition and hormone sensit,ivity implicates and

underlies the possibitity that the GAa-receptor sites are membrane-based

(t/ood and Paleg, 1972; 1974). Phospholipid composition is of major

importance in the control of the propert,ies of membranes and membrane-

based enzymes (tïcfvlurchie g!ê., 1983 ; KÍng and Spector, 19?B t
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Livingstone and Schacter, 1 980 ; Buckland et al., 1 981 ). This is

further highlighted by the fact that the phospholipid compositionr both

relative and absolute, of t,he aleu¡one tissues r¡ith lor¡ GAa-sensitivity,

is drastically different than that of the highly sensitive tissue

(Results 2.1, 3.1 and 4.1).

As most, of the phospholipid synthesized during the periods studied

in this r,¡ork are likely to be incorporat,ed into membranes (Varty and

Laidman, 19?6), different phospholipid compositions may be expected to

react uith GAa to greater o¡ lesser extent,s, and even in diffe¡ent ulays

(Pau1s et a1.,1982; Llood et aI.,1974). The structure and function of

difflerent membranes may be differentially modulated by GA3r producing

differential effects on the physical parameters of t,he different lipid
membranes and on the membrane-based enzymes (Livingstone and

Schacterr 1980; fvlcMurchie et a1.,1gB3).One of the important membrane

properties influenced by changed membrane composition is permeability

(trJood and Paleg , 1974). This presents a potential conirol mechanism of

the movement, of regulatory compounds, ions and diffusion-limÍted

subst,rates all of ulhich coul-d influence the subsequent response of the

tissue (Goodr,rin and Carr, 1g?2b ; Chrispeels and Varner, 1gE?).

Evidence indicating membranes as the primary target,s for hormones

has been grotring over the years (Pauls et aI. , lgBZ ; Jusaitis

et al.r 1gB2; Gibson and Palegr 1977). fYlore recent evidence to support

this hypothesis comes from the data of Jones and PaJ-eg (1gg¿arU) and

Jones et al. (tSg4). These uorkers have been abÌe to demonstrate complex

formation betueen IAA and phospholipid membrane components in aqueous

media. One of the important features of such hormone-lipid complex

formation is that rAA binds t,o both the hydrocarbon and head group
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regions of amphiphiles containing the trimethyl ammonium group. This is

further highlighted by the results trlith GAar inasmuch as both t,he acyl

(hydrocarbon) and the polar head groups of phospholipids are strongly

correlated urith ùhe GAa-sensitivity.

Most of the metabolic changes induced by cold temperatures are

associated uith lipids and thus, it ulas not surprising to find the

changes described in Sections 2, 3 and 4. Houever, lipids are not the

only celluLar component,s t,o respond to lor¡ temperatures, and it is

possible that other metabolites may also change. 0f course, the possible

importance of changes in other areas of metabolism r¡ill depend heavily

on their temporal relationships ulith changes in GA=-sensitivity and

their comelat,ions r¡ith hormonal responsiveness.

0verall¡ the ¡esults obtained in this uork support the concept of a

membrane-based site of GA= action in the ulheat aleurone layer. The exact

composition (o" range of composit,ions), and the precise site of the

receptor membrane is still unknoun, but, the approach and the tissue r¡ill

continue to prove useful ín the solution of the problem.

One very interesting aspect, uhich emerges from this study is the

influence of the Rht gene on phospholipid metabol-ism. The presence of

either Rht2 or Rht3 results in a gross abemation of the phospholipid

metabolism of the r¡heat aleurone tissue. The results of experiments ulith

Kite (Rht2)r urith the durarf (nnt¡) and the talt (rht3) selections, all
support this conclusion.

In vieu of the likely role of the active phospholipid synthesis in

the aleurone tissue in relation to GAa-sensitivity, the influence of the
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Rht gene on phospholipid synthesis probably constitutes a mechanism by

uhich this gene is able to impart, GAa-insensitivity to the r¡heat

aleurone tissue. Furtherr the RhtS gene can be considered to be more

potent than the Rht2 gene in its ability to influence phospholipid

metabolism, inasmuch as the synthesis of three pl'rospholipids (PI, PC and

PE) is curtailed by the presence of Rht3, urhile Rht2 is only able t,o

influence the synthesis of trrro phospholipids (pC and PE). The fact that

GA=-insensitivity due to the presence of Rht2 gene may not be fully

operative in the aleurone tissue as compared to its being fully

operative in the case of Rht3 gene (Gale and fvlarshall, 19?5), further

highlights this observation.

lJhetlrer these explanations can also be extrapolated to the GAS-

insensitivity of aerial tissues of r¡heat is open to conject,ure. Hou;ever,

it, is uorth bearing in mind that in a previous study urith Avena stem

segments, the groulth response of the tissue to GA¡ uras strongly

correlated trrith, among other things' thd phospholipid composition of the

tissue (Jusaitis g[ê., 1982). Furthermore, Vincent and Suty (tSgO)

found that both Rhtl and Rht2 qenes had an effect on the quanùitative

fipid (phosphotipid) cont,ent of six day old et,iolated uheat seedlings,

and suggested this as being inst,rumental in the decrease in the rate of

subapical grorrlth.

The similarity of the sterol metabolism in the aleu¡one tissues of

Kiter and the duarf and tall selections, indicates the lack of influence

of the Rht gene on sterols. This indicates that the difference in

physiological responses of durarf and tall uheat tissues to GAa is not a

result of differences in their sterol- cont,ent or metabolism. This is
supported by the fact that the sterol composition of dularf and tatl
Pisum sativum seedlings is identical (UJesterman and Roddick, 1gB2).
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