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Abstract




Phytochrome control of plastid gibberellin levels.
J. R, Hilton

Previously published work has shown that phytochrome is present in
associatlion with etioplast-enriched organelle suspensions and that
it mediates in vitro the levels of gibberellin-like substances
(GA-LS) extractable from them into agqueous methanol. However, the
technigue used to isolate the organelle suspensions has recently
been critically examined, both biochemically and with the use of the
electron microscope and found to purify mitochondria to a simlilar
extent to etioplasts. The validity of these results is therefore
questionable.

This thesis presents results of experiments designed to study
further the presence of phytochrome in assoclation with etioplast-
enriched suspensions and also re-examines the roéle of phytochrome

in the mediation of GA-LS levels. When etioplasts are prepared
free of mitochondrial contamination (as julged by biochemical marker
enzymes) phytochrome remains in association with the etioplasts and
also mediates the levels of GA-LS extractable from them. Suspensions
enriched with mitochondria also contain spectrophotometrically-
detectable phytochrome but exhibit no phytochrome mediation of
extractable GA-LS levels.

It was previously hypothesized that photoconversion of etioplast-
associated phytochrome to Pfr mediated a change in the permeability
of the etioplast envelope membranes with respect to GA-LS thereby
allowing an efflux of GA-LS out of the etioplasts into the surround-
ing medium. The results presented in this thesis show that a large
proportion of the red light-mediated increase in GA-LS is retained
within the etioplasts. The results suggest, therefore, that phyto-
chrome photoconversion has an effect on the extractability of GA-LS
from etioplasts possibly via conformational changes of the etioplast
membranes, :

Results of preliminary experiments with chloroplast-enriched
organelle suspensions are also presented and suggest that phytochrome
is detectable in association with chloroplasts (namely the envelope
membranes) and that it mediates the levels of GA-LS extractable from
then,
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MOPS N-morpholino-3-propanesulphonic acid.

EDTA Ethylene diamine tetra acetic acid.
HEPES 4-(2-dydroxymethyl )-1-piperazine ethanesulphonic acid.
S.E. Standard error.
FLB ’ Prolamellar body.
GAx Gibberellic acid_.
w/v Weight by volume.
v/v Volume by volume.
A Absorbance.
A Wavelength.
Rf Relative band speed to front.
Equiv,  Equivalent.
L Litre.
Pfr Far-red absorbing form of phytochrome.
Pr Red absorbing form of phytochrome,
M Molar (concentration).
TLC Thin-layer chromatography.
AN Change.
R/FR Red/far-red.
log Logarithm.
xKP x,000 g pellet.
xKS X,000 g supernatant.
[3x] Tritiated
GA-LS Gibberellin-like substances.

G-50 method  Sephadex G~50 (coarse) gel filtration method of Wellburn
and Wellburn (1971).

GC-MS Gas chromatography - mass spectroscopy

GC-RC Gas chromatography - radio chromatography
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Chapter 1

General Introduction
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It was from the results of physiological experiments that the morpho-
genically-active plant chromoprotein phytochrome was discovered (Hendricks,
1974). Phytochrome is present ubiquitously throughout the whole of the
eukaryotic green plant kingdom, and may enable plants to detect, and
respond to, shading from other plants (Smith, 1975). Borthwick (1972)
describes phytochrome as "a master control which keeps the plant in tune
with its' surroundings through interplay with some of the various other
regulatory systems". Phytochrome exists in two interconvertible forms; Pr
absorbing maximally at 660 nm and Pfr absorbing maximally at 730 nm.
Absorption of light by either form, results in conversion to the other form.
In dark-grown plants phytochrome exists solely as Pr. Upon irradiation with
red 1light Pr is photoconverted to Pfr, the so-called 'active' form of
phytochrome. A large number of different phytochrome-mediated responses
have been described (Smith, 1975). The time interval between the absorp-
.tion of 1light by the pigment and the expression of the photomorphogenic
response varies from a few seconds (Newman and Briggs, 1972) up to several
hours (Mohr, 1966). Also, the rate of escape from photoreversibility varies
from 1.5 min for 50% loss of photoreversibility (Fredericq, 1964) up to 9 A
hours (Pjon and Furyya, 1967). The signal-transducing mechanism is still
unknown. There ére three hypotheses on the mode of primary action df
phytochrome, (a) phytochrome functioning through gene action (Mohr, 1966;
Schopfer, 1977), (b) phytochrome activation of soluble enzymes (Tezuka and
Yamamoto, 1974), and (c¢) phytochrome-induced changes in membrane properties
(Hendricks and Borthwick, 1967). Currently, the most popular and simple
hypothesis of the mode of action of phytochrome is an effect on membrane
properties. Since its proposal in 1967 increasing support has been gained
for this theory both from physiological and in vitro localization studies.
To understand the mode of action of phytochrome in the cell it is very

important to know where it is located. In very elegant studies Haupt and
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co-workers, (Haupt et al., 1969; Haupt, 1970; Weisenseel and Haupt, 1974)
studying the orientation of the chloroplasts in the green alga Mougeotia,
have suggested that the dichroic photoreceptor changes its direction of
maxmal absorption by 90° upon photoconversion and conclude that in

Mougeotia the phytochrome molecules are arranged in the plasma membrane.

Etzold (1965) also concludes that spatial organization of photoreceptor

molecules responsible for germ tube growth in the fern Dryopteris filix mas

is located in the plasma membrane. From work on the immunocytochemical
localization of phytochrome Pratt and co-workers (Pratt and Coleman, 1971;
Pratt et al., 1974; Coleman and Pratt, 1974 a and b; Pratt and Coleman, 1976)
have made considerable progress towards localizing phytochrome within

the cell. In cells which have been exposed to green safe-light only,
phytochrome possesses no discernible unique association with a single
organelle or membrane type. Stain for phytochrome as Pr is observed in
association with the nuclear membrane, with mitochondria, with amyloplasts
and with plastids, as well as being widely distributed throughout the
cytoplasm., These observations are consistent with the possibility that
phytochrome,as Pp’is present largely as a soluble protein in the cytoplasm
of etiolated plant tissue. As %hey point out, one may still not conclude,
however, that there is not a biologically significant association of a small,

but active, pool of Pr with some unidentified sub-cellular component.

Mackenzie et al., (1975) have shown that Pfr, the so-called physiologically
active form of phytochrome, has a different sub-cellular distribution. It
appears that phytochrome migrates, after photoconversion to Pfr, from a
relatively uniform distribution to discrete, as yet unidentified, areas.
This movement is very rapid and can be detected clearly within two minutes
at 300. The results obtained from immunocytology seem to rule out a unigue

association of phytochrome with one sub-cellular component. However, they
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indicate £hat phytochrome, as a result of photoconversion, can change its'
sub-cellular distribution. It would appear therefore, that thers are two
types of phytochrome present in the cell; one inherently associated with

the membranes and another soluble in the cell,only becoming associated with
particulate material (and thus becoming pelletable) following photoconversion
to the Pfr form (Quail et al., 1973, Furuya and Manabe, 1976; Marmé et al.,

1973; Quail and Gressel, 1976).

Another method used to localize phytochrome has been that of cell fraction-
ation. From work with purified sub-cellular fractions phytochrome has been
localized in association with mitochondria, (Gordon, 1961; Manabe and
Furuya, 1974) plasma membrane, (Marm&, 1974; Quail and Hughes, 1977;)
rough endoplismic reticulum (Williamson et al., 1975) and etioplasts

(Evans and Smith, 1976a; Cooke and Kendrick 1976; kiaack and Spruit, Pers.
. Comm.). There is therefore,a large body of evidence to suggest that phyto-
chrome is preéent in cells, and further, that it 1is present in association

with purified organelle fractioms.

The first observation of the presence of GA-LS in association with plastid
fractions was that of Stoddart (1968). He showed significant levels of
GA-like activity associated with crude chloroplast (1KP) fractions isolated

from the leaves of light-grown Brassica oleracea L. and Hordeum vulgare L.

When expressed on a total chlorophyll or a fresh-weight basis approximately
16% of the gibberellin-like activity found in the leaf could be accounted
for in this fraction. Siﬁilar fractions have also been shown to be cap-
able of GA biosynthesis in vitro (Stoddart, 1969). An association betweeh
chloroplasts and GA-LS has also been shown by Railton and Reid (1974).

Chloroplasts isolated from the leaves of Solanum andigena L. exposed to

short days contained smaller quantities of GA-LS than did chloroplasts

isolated from leaves maintained under long days. Gibberellins have also
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been'reporfed in association with chloroplast fractions isolated from ivy

leaves (Frydman and Wareing, 1973) and from the leaves of Pisum sativum L.

(Railton and Reid, 1974). In more recent work, Cooke and Saunders (1975)
and Cooke et al., (1975),using a lettuce hypocotyl biocassay (Frankland and
Wareing, 1960), showed that GA-LS were associated with etioplast-enriched
fractions isolated from the leaves of dark-grown wheat seedlings. They
used a 1;000g plaétid-enriched fraction isolated from the leaf homogenate,
and also, a further purified etioplast-enriched fraction isolated by the
Sephadex G-50 (coarse) gel filtration technigue of Wellburn and Wellburn
(1971). Results of Evans and Smith (1976a) also showed GA-like activity to
be associated with etioplast-enriched suspensions isolated by the G-50
method. Evans and Smith (1976a) used etiolated barley leaves and assayed
the GA-like activity using a modification of the barley aleurone layer

bioassay described by Jones and Varner (1967).

Evans and Smith, (1976a) and Cooke and Kendrick, (1976) showed that the GA-
like activity extractable into aqueous methanol was increased markedly if
the etioplast-enriched suspensions were ultrasonicated prior to ex%raction.
The ultrasonication treatment, as well as rupturing the etioplasts, would
be expected to solubilizexat 1eést some of the material associated with
lipo-protein or membranes. These results suggest therefore, that a large
proportion of the plastid-associated GA-LS was strongly associated with the
plastid membranes and that disruption of these membranes rendered the GA-
LS more readily extractable into aqueous methanol. In 1977, Browning and
Saunders used a non-ionic detergent, Triton X-iOO, to disperse membranes in
chloroplast suspensions isolated from wheat leaves. The levels of GA-like
activity subsequently extractable (as assessed by the lettuce hypocotyl
bioassay) were markedly higher following this treatment than from chloro-

plast preparations which had been ultrasonicated. The quantities extracted
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were far gfeater than the quantities extracted from the vegetative tissues
of any other plant species. The results suggest that the bulk of the
chloroplast-associated GA-LS are localized in the chloroplast membranes in
a specifie manner rather than simply partitioned into the membrane lipids.
One possibility is that the triton-extractable gibberellins are intimately
associated with non-polar proteins or other molecules located within, rather
than on,the periphery of membranes. Since this report numerous workers
have attempted to repeat these experiments and have been unsuccessful in
obtaining the very high levels of GA-LS claimed to be extractable from
chloroplasts by this technique (Pers. Comm.). However, Hall, (Pers. Comm,)
has been successful in extracting small increases in the level of GA-LS
with Triton X-100 over and above those extractable by solvent extraction
alone. The authenticity of the results of Browning and Saunders (1977)

remains gquestionable therefore.

When segments of etiolated barley or wheat leaves afe irradiated with red
light there is a rapid increase in the level of extractable GA-like activ-
ity (Reid et al., 1968; Beevers et al., 1970; Loveys and Wareing, 1971).
Similarly, there is an increase in the level of subsequently extractable
GA-LS in the homogenates of etiolated barley leaves following an irradiation
with red light (Reid et al., 1972). This work led Evans and Smith, (1976a)
and Cooke and Kendrick, (1976), to study the effects of red light treatment
on the levels of GA-LS extractable from plastid-enriched fractions isolated
from etiolated barley and wheat leaves respectively. Both groups of work-
ers observed that the levels of GA—LS-subsequently extractable into

aqueous methanol were much higher in etioplasts given a brief irradiation
with red light, than in those maintain;d in darkness. They also establish-
ed that an irradiation with far-red light immediately subsequent to the red

irradiation reversed the effect of the red irradiation on the levels of
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extractable GA-LS. The induction of the response of increase in GA-LS by
red 1ight and its reversal by immediate subsequent far-red, indicated that

the photoreceptor involved in the response was phytochrome.

The first evidénce for phytochrome action in isclated etioplasts was
reported by Wellburn and Wellburn (1973) who showed that plastid develop-
ment at the ultrastructural level was enhanced by red light and that this
enhancement could be reversed by subsequent far-red light. As previously
stated, using immunocytochemical techniques Coleman and Pratt (1974a and

b) observed phytochrome to be present in associationwith the plastids of
dark-grown plants. Evans and Smith (1976a); Cooke et al., (1975) and
Kraack and Spruit, (Pers. Comm.) measured phytochrome spectrophotometrically
in etioplast-enriched suspensions and further, Evans and Smith (1976b) and
Cooke and Kendrick, (1976) localized phytochrome in exclusive association
with the envelope membranes when etioplasts were further sub-fractionated.
No phytochrome was detectable in association with either the stroma or yhe
prolamellar body-enriched fractions. However, only about 4% of the phyto-
chrome extractable from the leaves was present in association with the
envelope fraction and this led Pratt,(1978) and other workers (Pers. Comm.)
to suggest that the phytochrome was present solely as a soluble contaminant.
Quail et al., (1976) attempted to show a correlation between phytochrome

- and plastids., On a sucrose density gradient the structures bearing the bulk
phytochrome showed a different sedimentation behaviour and a different
isopycnic buoyant density from the etioplast membranes which were identified
using carotenoids as a plastid marker. However, in contrast to Evans and
Smith, (1976b) and Cooke and Kendrick, (1976), Quail et al., (1976) used a
crude pellet following centrifugation of an homogenate and not a further
purified plastid fraction. There was therefore mounting evidence that

phytochrome was present in association with etioplasts and that it was in
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exclusive $ssociation with the envelope membranes. The photoconversion of
etioplast-associated phytochrome to Pfr resulted in increased levels of
methanol-extractable GA-LS (Evans and Smith 1976a; Cooke and Kendrick,
1976). When red light-treated etioplast suspensions were subsequently
centrifuged at 6,000g and GA-LS extracted from'both the 6KS and 6KP frac-
tions, the majority (approximately 80%) of the red light-mediated increase
in GA levels was present in the 6KS fractions (Evans and Smith 1976a;
Cooke and Kendrick, 1976). These results led Evans and Smith, and Cooke
and Kendrick to postulate that phytochrome was having an effect on the
permeability of the etioplast envelope membranes with respect to GA4LS.
Evans and Smith (1976a) proposed that the photoconversion of Pr to Pfr by
red light results in an efflux of gibberellins out of the plastids result-
ing in internal depletion which in turn stimulates biosynthesis via release
from a feed-back inhibition mechanism. The alternative explanation,
initially advanced by Cooke and Saunders, (1975), was that the inc;eased
biological activity reflects release from a ‘bound' form (attachment to
either proteins or membranes) within the plastids and in this case the
effects upon envelope permeability would be a secondary correlated process
facilitating efflux of the released gibberellins. Both Evans and Smith,
(1976a) and Cooke and Kendrick,(;976) performed sonication treatments on
isolated etioplasts and compared the levels of GA-LS subseﬁuently extract-
able with those extractable from red 1ight-tfeated suspensions., Evans and
Smith (1976a) reported that the levels of GA-LS subsequently extractable
were similar but Cooke and Kendri;k (1976) reported that significantly
higher levels of GA-LS could be extracted from red light-treated etioplasts.
Cooke and Kendrick (1976) suggested, therefore, that red light was having
more than one effect on the etioplast preparations and that there was the
possibility of an effect of red light on the metabolism of GA's within the

etioplasts. They investigated this hypothesis by comparing the levels of
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acidic and-non-acidic ethyl-acetate-soluble GA-LS presenf in etioplast sub-
fractions. Non-acidic ethyl-acetate-soluble GA-LS present in dark-maintain-
ed extracts were converted by red light to acidic ethyl-acetate-soluble
GA-LS and this response was exclusively associated with the envelope
membrane-enriched fractions. The far-red reversal of this response was not
demonstrated and therefore the involvement of phytochrome can still be
questioned. However, it seemed likely that both the phytochrome-mediated
response and the phytochrome itself were localized in association with the

envelope membranes of the etioplasts.

Since 1967, when Hendricks and Borthwick first suggested the involvement of
membranes in the primary action of phytochrome, many experiments have,
directly or indirectly, demonstrated phytochrome-induced changes in mem-
brane properties. The etioplast system described was therefore another

example of such a mechanism,

In 1977, Quail critically reviewed both biochemically, and with the use of
electron microscopy, the Wellburn and Wellburn (1971) Sephadex G-50 (coarse)
gel filtration technique for the isolation of etioplasts. He concluded that
there was a high contamination of the etioplasts by mitochondria and that
the phytochrome present in association with the column eluate was present
solely as a soluble contaminant running in the void volume of the column.

As previous experiments on the phytochrome control of GA-LS in etioplasts
relied upon the isolation of etioplasts by this method, the whole authent-

icity of this response was now severely questioned.

The interest in the effects of 1light on the GA content of plants dates back
to the findings of Lockhart (1956, 1958 a and b) and Lockhart and Deal (1960).
They showed that GA treatment prevented the inhibition of stem growth by 1light

in seedlings of a number of species including pea, bean, cucumber and pumpkin.,
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In pea seedlings the question of light inhibition was linked to dwarfism
since Sale and Vince (1960) and Gorter (1961 ) found that dwarfism in this
speclies is determined by light; in the dark all varieties attain a similar
height whereas in the light the dwarf varieties are more inhibited than the
tall ones. Previously, Brian and Hemming (1955) and Brian (1957) had
reported that GA could counteract dwarfism in light-grown pea seedlings.
Lockhart (1959, 1961, 1964) concluded that stem elongation, in species
where GA reverses light inhibition, is regulated by light through some effect
on GA metabolism probably involving decreased biosynthesis or increased
destruction. Later work by Roesel and Haber, 1964; Vince 1967; Russell
and Galston, 1968) showed that the reversal of light inhibition of stem
elongation by GA is not complete. There are,therefore,very complex relation-
ships between GA effects and light inhibition of growth and,it is not
surprising that a simple, consistent relationship between light and GA con-

tent has not yet been reported.

Kende and Lang, (196%4) and Jones and Lang, (1968) were unable to find differ-
ences in GA-like activity extractable from light-or dark-grown tall and

dwarf pea . varieties. They also found that light-grown dwarf pea seedlings
did not respond to their own endogenous GA's. In contrast to these results,
K8hier (1965, 1970, 1971) found that light-grown pea seedlings contained sub-
stantially more GA than dark-grown ones and that dwarf seedlings contained
more than tall seedlings. KBhler (1971) also found evidence to suggest more
rapid GA metabolism in the faster-growing seedlings. Other workers have

also found evidence of faster metabolism of GA's in dark-grown than light-grown
seedlings (Musgrave and Kende,1970; Railton, 19?4_g§;§l., 1974 Stoddart‘ég;él.,
1974). In contrast to the situation in pea seedlings much less GA-like

activity was extractable from seedlings of Phaseolus coccineus grown in a

16 hour photoperiod than from the corresponding dark-grown controls (Brown
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et al.,1967; Crozier and Audus, 1968). Also,the metabolism of GA is

different in P. coicineus; EBﬁJGAu is metabolized faster In light-grown
than in dark-grown plants (Brown et al., 1967). Interactions between light
and GA's giving more unified results are the effects of short-term irradiat-
ions with red 1light. Brief exposure of lettuce seeds (KBhler, 1966), apple
seed embryos (Smolenska and Lewak, 1971) etiolated barley leaf sections |
(Reid et al., 1968), etiolated wheat leaf sections (Beevers et al., 1970)
and etiolated pea seedlings (Ne§kovié and Konjevié, 1974 ) to red 1light
causes a transient increase in the extractable GA-like activity. The red
light mediated increase in GA-like activity in leaves has been suggested

to be due to a phytochrome-mediated release of GA from the etioplasts
(Cooke et al., 1975; Evans and Smith, 1976).

This thesis presents detailed experiments designed to study further the
role of phytochrome in the mediation of etioplast-associated gibberellin
levels., Information is also presented from experiments designed to study
the rdle of phytochrome in the mediation of GA levels in plastid fractions

isolated from light-grown plants.



Chapter 2

Experimental details
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(a) Preparation of plant material

(1) Dark-grown
Seedlings of Hordeum vulgare L. cv. Julia, 1976 (Stevens, Shardlow,

Derbyshire, England and Rothwell Flant Breeders, Lincoln, England) were
grown in moist vermiculite at 24°C in total darkness for 6 days (except

where stated).

(2) Light-grown
Seedlings of Hordeum vulgare L. (as above) were grown at the University of

York in moist vermiculite for 6 days (except where stated) in a 16h photo~
period at 20°C. Phillips warmwhite colour 29 fluorescent tubes provided a

photon fluence rate of 20 umol n 2 gL,

Seedlings of Triticum aestivum L. cv. Maris Dove, 1978 (Dickson, Brown and

Tait, Altringham, England) were grown for 7 days in Levington Universal
compost in a 16h photoperiod at 20°%¢ with a photon fluence rate of 75 umol
m-2 s-i. The spectral energy distribution of the artificial light source

is shown in Fig. 1, page 25.

Seedlings of Spinacia oleracia L. Hybrid 102 (Yates and Co., Australia)

were grown at the University of York in moist vermiculite for 2 weeks in a

12h photoperiod at 25°C (20°G night temperature) with a photon fluence rate

1

of 20 umol m-2 s ~.provided by Phillips warmwhite colour 29 fluorescent

tubes. The seedlings were transferred to an aerated nutrient solution con-

taining 6mM KNO.; 1imM KH,PO,; LuMl MgCl,.6H,05 N6uM HyBO,5 0.32uM CuSO,.

3
2nM MgS0,; 9uM MnC1

33
5H,0; 1.2M NaMoO, .2H,0; L»mM,th(NOB)z; X

0.76uM ZnSOu.7H203 24pM NaFeEDTA for a further two weeks. During the sub-
sequent 3 weeks the seedlings were maintained in liquid culture in a green-
house at 21-23°C with an 8.5h photoperiod. Plants were harvested 7 weeks

after sowing.



(v) Light sources

The red light source cohsisted of four 'warm white' 15W fluorescent tubes,
filtered through one layer of No. 14 Ruby Cinemoid and one layer No. 1
Yellow Cinemoid (Rank Strand Electric, Kiﬁgsway, London, England). The
resulting photon fluence rate was 2.3 umol m_zs-1 at the sample surface.
The source of far-red light consisted of four 250W single coil tungsten
bulbs filtered through 10cm of running water, one layer of No. 5A Deep
Orange Cinemoid and one layer of No. 20 Deep Blue Primary Cinemoid. The
photon fluence rate at the sample surface was 4,6 pmol n2s71, Safe-lights
consisted of either one 40W incandescent bulb or one 20W fluorescent tube
filtered through two layers of No. 39 Primary Green Cinemoid. Spectral
energy distributions of the light sources and safe lights are shown in Figs.

2(a), (b) and (c), page 26.

(c) Light treatments

Except where stated, organelle suspensions were irradiated with red light

for 5 min. During the subsequent 5 min they were either returned to dark-
ness or irradiated with far-red light. Control suspensions were maintained
in darkness for the entire treatment period. All treatments were performed

at-24°¢c.

(a) Isolation of organelle fractions

Harvesting and all subsequent procedures were performed at 2 - 4°¢ under a

dim green safe-light except where stated.

(1) Dark-grown plant material
(1.1) Preparation of the crude plastid pellet

80g fresh weight laminae segments of Hordeum vulgare L. were finely chopped

with a razor blade and gently homogenized in a pestle and mortar in 25mM

MOPS containing 3mM EDTA (di-sodium salt), 14mM 2-mercaptoethanol and 250mM
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sucrose adjusted to a final pH of 7.5. A tissue to buffer ratio of 1:2
(w/v) was used. The homogenate was gently exuded through twelve layers of
nuslin. The resultant filtrate had 2 pH of 7.1 which was maintained
throughout the isolation procedure. The filtrate was centrifuged at 6,000g
for 1 min. in a Sorvall model RCB-2 Superspeed centrifuge and the 6KP

fractions were re-suspended in 5 cm3 initial extraction buffer.

(1.2) Sephadex G-50 (coarse) gel filtration LG-50 nethod]

A modification of the Wellburn and Wellburn (1971) gel filtration technique,
described by Evans (1975), was used to isolate etioplasts. In brief, a crude
plastid pellet,approximately 5 cm3bin volume, was loaded on to a loosely-
packed Sephadex G-50 (coarse) gel filtration column 50 cm long and 1.1 cm
in diameter. The Sephadex G-50 (coarse) had been previously expanded over-
night at 3-400 in isolation buffer. Fractions 0.5 cm3 in volume were eluted
from the column with extractioﬁ buffer. Before light-treatment the érganelle-
contéining fractions eluting from the column were pooled. The resultant

3

organelle suspension was approximately 9 cm™ in volume.

(1.3) Post G-50 sucrose centrifugation
3

1 cm” aliquots of the pooled G-50 organelle suspensions were layered on to

an equal volume of 20% (w/v) sucrose and centrifuged in an MSE bench
centrifuge at approximately 500 g for 1 or 1.5 min. Following a 1 min,
centrifugation, the 0.5KP f?actions derived from separate aligquots were re-
suspended in approximately 9 cm3 original extraction buffer and used as an
etioplast-enriched organeile suspension.- The 0.5K8 fractions remaining
after a 1.5 min. centrifugation were further centrifuged at 27,000g for 10
min, in a Sorval model RCB-2 Superspeed centrifuge. The 27KP fractions ﬁere
re-suspended in approximately 9 cm3 original extraction buffer and used as

a mitochondrial -enriched organelle suspension. Sucrose solutions were

prepared in original extraction buffer minus sucrose.
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(1.4) Diécontinuous sucrose density gradient centrifugation

A crude plastid pellet, approximately 5 cm3 in volume, was layered on to a

discontinuous sucrose density gradient of 7.5 cm3 25% sucrose (w/v), 12.0
em® 40% sucrose (w/v) and 7.5 e 25% sucrose (w/v) and centrifuged in an
SW27 swing-out rotor in a Beckman L2-65B ultracentrifuge for 20 min. at
approximately 9,350g. Two fractions, namely those banding at the upper i.e.
the 40%/25% sucrose interface and the lower i.e,the 50%/55% sucrose inter-
face were fractionated from the gradient, diluted with original extraction
buffer, and subsequently used as the organelle-containing fractions., Each
3

fraction was approximately 9 cm” in volume, Sucrose solutions were prepared

in original extraction buffer minus sucrose.

A general procedure for the extraction of organelle fractions (1.2, 1.3 and

1.4) is shown in Fig. 3, page 27.

(1.5) The isolation of radiocactively-labelled organelle suspensions

Etioplast suspensions were lsolated from the first leaves of Hordeum vulgare

L. seedlings following incubation in [3Hﬂ gibberellin-A9 by a modification
of the method described by Leech et al., (Pers. Comm,) (see Experimental
Details (d) (2.1) page 14 ). Table 1, page 28, shows the reduction in the
activity of cytochrome c oxidase, a mitochondrial membrane marker enzyme,
from the homogenate to the re-suspended etioplast-enriched pellet. The
results suggest that the level of contamination of the etioplast suspension

by mitochondrial membranes was very low (8.4%).

(2) Light-grown plant material

(2.1) The isolation of chloroplast suspensions from small amounts of leaf

material
Chloroplast suspensions were isolated from the first leaves of Hordeum

vulgare L. and Triticum aestivum L. seedlings by a modification of the method

described by Leech et al., (Pers. Comm.) (except where stated) and finely
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chopped with a razor blade for 5 min. in a solution containing 50mM HEPES,
LOOmM sorbitol, and 0.75 mM MgClz. " The pH of the final solution was
adjusted to 7.6. The homogenate was gently exuded through eight layers of
muslin and centrifuged at approximately 500g in an MSE bench centrifuge for
5 min, through a layer of isolation buffer, the density of which had been
increased by replacing the sorbitol with 400mM sucrose. The 0.5KP fraction
was re-suspended in approximately 4 cm3 original extraction buffer. Table
2, page 29, shows the reduction in the activity of cytochrome ¢ oxidase, a
mitochondrial membrane marker enzyme, from the total homogenate to a re-

suspended chloroplast pellet and suggests that contamination of the chloro-

plast suspension by mitochondrial membranes was only 5.8%.

(2.2) The isolation of chloroplast suspensions from spinach leaves

Chloroplast suspensions. were isolated from the leaves of Spinacia qlgfédia L.

by a modification of the method described by Cockburn, Walker and Baldry
(1968), using a tissue to buffer Latio of 112 (w/v). Laminae, without
midribs, were homogenized for 2 x 1 sec bursts in an Atomix blender in a
semi-frozen solution containing 10mM Naﬁ?207.10H20, 330mM sorbitol and

5mM Mg012, adjusted to a final pH of 7.5. Sodium isoascorbate was added
after pH adjustment to a final concentration of 2mM., The homogenate, after
passing through six layers of muslin and two layers of 25 ym nylon cloth,
was immediately centrifuged from rest to 3,000g and then to rest in an MSE
18 centrifuge fitted with a fast brake. Unless stated otherwise,.the re-
suspended 3KP fractions were washed by centrifuging at 500g for 15 min,
through a layer of isolation buffer, the density of which had been increased

by replacing the sorbitol with 330 mM sucrose.

(2.3) The isolation of chloroplast suspensions from barley seedlings grown
under varying phytochrome photoequilibria

Laminae segments of Hordeum vulgare L. 3 cm in length 1 cm from the apex

were homogenized using a tissue to buffer ratio of 1:2 (w/v) with a Polytron
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homogenizer model PT 10 20 3500 in a semi-frozen solution containing 25mM
HEPES, 2mM EDTA (di-sodium salt) and 300 mM sucrose, adjusted to a final

pH of 7.5. S8Sodium isoascorbate was added, immediately prior to homogenizat-
ion, to a final concentration of 2mM. The homogenate, after passing through
four layers of muslin and eight layers of muslin, was centrifuged at 3,000g
for 1 min. in an MSE high-speed centrifuge, model Mistral 6L. The 3KP
fraction was washed in isolation buffer and re-suspended in approximately 5
e’ of a solution containing 25mM HEPES, 330mM sucrose, 2mM EDTA (di-sodium

salt), 1mM MgC1, and inM MnC1, adjusted to a final pH of 7.6,

(e) The isolation of chloroplast envelope membrane preparations

Envelope membrane-enriched preparations were isolated from Spinacia oleracia

L. chloroplasts by the method described by Mackender and Leech (1970). The
general procedure is outlined in Fig. 4, page 30. Chloroplast pellets
prepared as described on page 15, d(2.2), were re-suspended in 30 en’
isolation buffer (from which sorbitol had been omitted) for 15 min. at 0°C.
The resultant suspension of lysed chloroplasts was homogenized in a Ten-
Broeck ground glass homogenizer by rai;ing and lowering the plunger rapidly
three times, After dilution with 60 cm3 incubation buffer, the suspension
was centrifuged at 3,000g for 10 min, in an MSE 18 high speed centrifuge
and floating material removed. The 3KS fraction was decante& and re-
centrifuged at 20,000g for 30 min. in a Beckman L2-65B ultra-centrifuge.

The 20KP fraction was re-suspended in approximately 4 cm3 isolation buffer
and used as the chloroplast envelope membrane-enriched preparation. Samples
for chlorophyll assay were immediately removed and the remainder of the

envelope membrane-enriched preparation was frozen and stored under liquid

nitrogen for approximately 24h.
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(£) Preparation of 'soluble' phytocrome (for general procedure, see
Fig. 5, page 31)

The 6KS fraction obtained following the first 6,000g centrifugation as out-
lined on page 12, d(1.1) was centrifuged at 100,000g in a Type 75 Ti rotor
in a Beckﬁan L5-65B ultracentrifuge for 60 min., Aliquots of the 100KS
fraction (total volume approximately 100 cm?) were used as 'soluble'

phytochrome,

(g) Estimation of phytochrome pelletability

Preparations of 'soluble' phytochrome and G~50 organelle-enriched suspens-
ions were brought to 2400 in a water bath, and, if appropriate, mixed by

pipetting particulate suspensions via a wide-bore pipette into 'soluble’

phytochrome preparations. Usually, 5 cm3 of the particulate suspension

and 10 cm3 of the 'soluble' phytochrome were used. Pre-mixed samples were
irradiated for the stated periods and immediately centrifuged at 6,000g
for 1 min, in a Sorvali model RCB-2 Superspeed centrifuge. When samples
were irradiated separately prior to mixing, the mixture was incubated at

24°¢ for 5 min, before centrifugation. Pellets were re-suspended in 2.5 cm3

25mM MOPS buffer, pH 7.5, for phytochrome and protein assays.

(h) Estimation of the movement of soluble substances into a discdﬁfinuous
sucrose density gradient

100 1 Pul givverel1in 4, (1,2 [3x] GA;) (6 x 10° dpn ja™%, 48 01 m mo1 ™)
were layered on to a discontinuous sucrose density gradient [see Experi-
mental Details, page 14, d(1.4)] in a solution of 25 mM MOPS buffer to a
final volume of 5 cm3 and centrifuged at approximately 9,350g for 20 min.

in an SW27 swing-out rotor in a Beckman L2-65B ul tracentrifuge. Radio-
activity recovered in samples fractionated~from the gradients following
centrifugation was estimated using the tritium channel of a Packard Tri Carb

liquid scintillation spectrometer AAA Model 544 using Brays scintillation
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fluid (Bray, 1960). The counting efficiency varied between 35% and 55%.
Fig. 6 (a), page 32, shows the distribution of radioactivity (following TILC)

assoclated with the [3H] gibberellin A, applied to the sucrose density

1
gradient,. and (b) the distribution of radiocactivity in fractions isolated

from the sucrose density gradient following centrifugation.

The movement of the soluble proteins haemoglobin and catalase into a dis-
continuous sucrose density gradient was estimated in a similar manner. 1.5
e’ catalase (1 ng cm-3) and 0.5 on’ haemoglobin (total absorbance at 410nm
approximately 2.0 A units) were layered on to a discontinuous sucrose dens-
ity gradient in 25 ml MOPS buffer to a final volume of 5 cm?. After
centrifugation, haemoglobin was estimated by measurement of absorbance at
410nm and catalase activity was estimated by the method described by Lick
(1965) in the samples fractionated from the gradient. Fig. 7, page 33

shows the results obtained from these measurements.

(3) Estimation of the uptake of [3H] gibberellin A9 into detached leaves
of Hordeum vulgare L. and into plastid-enriched suspensions sub-

sequently isolated

(1) Light-grown plants

Whole shoots of 5 day old (except where stated) Hordeum vulgare L. seedlings

were excised and incubated in a solution containing 50mM HEPES, 400mM
sucrose, 0.75mM MgCl, pH 7.6 and Pl gibberellin Ay (2,3[3HJ. GA9) (approx.

1, 19 x 10“ dpm ul-i) to a final concentration of 2.4 x 10-11M.

43 Ci m mol~
at 24°C for 24h in constant 1ight (58 pmol m-zs_i) (for spectral energy
distribution see Fig. 8,page 34). At the end of the incubation period,
plastids were isolated from the leaves by a modification of the method
described by Leech et al., (Pers. Comm.) as described on page 14, d(2.1).
The resultant 0.5KP fraction was re-suspended in approximately 4 cm3 original

extraction buffer.
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(2) Dark-grown plants

Whole shoots of 6-day old (except where stated) Hordeum vulgare L. seedlings

were excised and incubated in a solution containing 25mM MOPS, 3mM EDTA

(di-sodium salt), 14mM 2-mercaptoethancl and (Bul gibberellin A
11

9
M at 24°C for 24h in

(2,3 [?HJGA9) to a final concentration of 2.4 x 10
complete darkness., Plastids were isolated from the shoots by a modification
of the method described by Leech et al., (Pers. Comm.) as described on page
14, d(2.1). The isolation medium was 25mM MOPS and its' density was
increased by increasing the concentration of sucrose from 250mM to 500mM.
The resultant 0.5KP fraction was re-suspended in approximately 1+cm3 original
extraction buffer.

After light treatment, organelle suspensions, approximately Zcm3 in volume,

were layered on to a discontlnuous sugrose density gradient of 2.5cm3 25%
(w/v) sucrose and 2.50m3 55% (w/v) sucrose, and centrifuged at approximately
9,350g in an SW27 swing-out rotor for 20 min. in a Beckman L2-65B ultré—
centrifuge to separate the radioactivity associated with the organelle and
the soluble fractions. After centrifugation, lcm3 aliquots fractionated

from the gradient were dissolved in 9cm3 Brays scintillation fluid (Bray,
1960).

GA-LS were extracted as described in Fig. 9, page 35, and following TLC were
absorbed directly into Tritium absorber D (Fisons, Loughborough, England) to
3

a final volume of 10cm”.

Whole=tissue samples were combusted in an Intertechnique Oxymat model JA
101 and the products from the tritium chamber were absorbed directly into

Tritium absorber D to a final volume of 10cm3.

Radioactivity was determined using the tritium channel of a Beckman liquid
scintillation counter model LS 3133P. The counting efficiency varied

between 35% and 50%.
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(k) Sub-fractionation of radioactively-labelled plastid suspensions

Radioactively-labelled plastid-enriched suspensions were sub-fractionated
by a modification of the method described by Mackender and Leech, 1970 (see
experimental details, page 16(e), and general procedure Fig. 4, page 30).
The 3KP fraction was used as the thylakoid/prolamellar body-enriched
fraction, the 20KP. fraction as the envelope membrane-enriched fraction

and the 20KS fraction as the soluble, stroma-enriched fraction. 1cm3
fractions were re-dissolved in 9cm3 Brays scintillation fluid (Bray, 1960)
and the radiocactivity was estimated using the tritium channel of a Beckman
liquid scintillation counter model LS 3133P. The counting efficiency varied

between 35% and 50%.

(1) Phytochrome measurement

Total phytochrome was measured at 24°C, using a Perkin Elmer 156 dual wave-
length spectrophotometer. Calcium carbonate was used to increase effective
path length over a lcm path length plastic cuvette unless otherwise stated.
Actinic and measuring beams were set at 660nm and 730nm. All samples were
pre-irradiated with sufficient red light to effect maximum conversion of
protochorophyllide to chlorophyllide prior to measurement. Actinic

irradiations were of 60 sec., duration.

Fractions isolated from sucrose density gradients were centrifuged at 27,000g
for 10 min. in a Sorvall model RCB—Z.Superspeed centrifuge. The 27KP
fractions were re-suspended in the original volume of extraction buffer in
order to obtain fractions of similar sucrose concentrations prior to phyto-

chrome measurement.

The difference spectrum of chloroplast envelope membrane phytochrome was con-

structed at 2500 using a Shimadzu recording spectrophotometer model UV 300.
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(m) Chlorophyll assay
Chlorophyll was extracted into acetone to a final concentration of 80% (v/v)

and estimated by the method described by Mackinney (1941).

(n) Carotenoid assay

Total carotenoids were extracted into acetone to a final concentration of

80% (v/v) and estimated as outlined by Davies, (1976).

(o) Catalase assay

Catalase was assayed by the method described by Liick (1965).

(p) Cytochrome ¢ oxidase assay

Cytochrome ¢ oxidase was assayed by the method described by Smith (1955).
All fractions to be assayed passed through at least one cycle of freezing

and thawing to effect disruption of the mitochondrial membranes.

(a) Succinate dehydrogenase assay

Succinate dehydrogenase was assayed by the method described by Slatter and

Bonner (1952).

(z) Protein assay

K11 samples were precipated in 10% (v/v) trichloroacetic acid at 0°C for

30 min, and centrifuged in an MSE bench centrifuge at approximately 500g
for 5 min, The 0,5KP fractions were washed and re-dissolved in the original
volume of 2mM NaOH, and the protein content determined by the method

described by Lowry et al., (1951) using bovine serum albumin as a standard.

(s) Extraction and fractionation of GA-like substances (for general

procedure see Fig. 9, page 35)
After 1light treatment, aliquots of organelle fractions were immediately
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homogenized in ice-cold methanol to a final concentration of 80% (v/v).
After extraction, the homogenates were centrifuged at 2,000g for 5 min. in
an MSE bench centrifuge and the 2KS fraction decanted and reduced to the
aqueous phase in vacuo at 35°C. The aqueous phases were re-dissolved in a
similar volume of 0.5M phosphate buffer pH 8.5 and partitioned three times
against equal volumes of re-distilled ethyl acetate after which the pH was

lowered to 2.5 with 0.8M HC1.

The pooled organic phases, following similar partition against re-distilled
ethyl acetate at low pH, were reduced to dryness in vacuo at 35°C and re-
dissolved in a small volume of re-distilled ethanolsethyl acetate 1311 (v/v).
TILC was performed on 0.25mm layers of silica gel (Macherey-Nagel and Co.,
Duren, Germany) using chloroform:ethyl acetatesacetic acid, 60:40:5 (v/v/v)
as the developing solvent which was allowed to run 10cm from the point of
sample application. After being thoroughly alr dried at room temperature,
lcm zones, scraped from the TLG plates, were eluted three times in 0.5cm3
re-distilled ethanol:ethyl acetate, 1:1 (v/v). The pooled eluates were
reduced to dryness under a stream of nitrogen and re-dissolved in icm3 ster-

ile water prior to bioassay.

(t) Estimation of GA-like activity

-GA-1ike activity was estimated using a modification of the Jones and Varner

(1967) barley aleurone layer bidassay. Half-seeds of Hordeum vulgare L.cv,

Himalaya, 1974 (Professor J D Maguire, Washington State University, USA)
were used, Embryo-less halves of the barley seeds were sterilized for 20
min in 1 % (v/v) sodium hypochlorite. At the end of the sterilization per-
iod the half-seeds were washed at least three times with sterile water and
transferred to sterile filter paper in sterile petri dishes so tﬁat the cut
ends of the half-seeds were not in contact with the paper, nor were they in

contact with each other. The half-seeds weie imbibed for 48h at room
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temperaturé, ensuring that the filter paper was moist, but not flooded,
with sterile water. At the end of the imbibition period ten sterile half-

seeds were transferred to sterile conical flasks containing 0.5cm3 sterile

0.01M succinate buffer pH 4.8, 0.5cm3 sterile 0.1 M calcium chloride, 1 drop

chl oramphenicol (0.5 mg cm-3) and 1 cm3 test solution. Conical flasks-were
incubated on an orbital shaker at 25°C for 24h at approximately 50
oscillations min_i. After incubation, the liquid was decanted, the half-
seeds rinsed with 2 cm3 distilled water and the combined solutions were
centrifuged at 2,000g for 5 min. in an MSE bench centrifuge. The 2KS
fraction was used as the enzyme solution and the '‘@-amylase activity induced
‘was estimated using starch as the substrate, and iodine/hydrochloric acid
as the terminator of the reaction. o-amylase activity, induced in the half-
seeds by the test solutions, was calculated from the absorbance of the
resulting solutions at 620nm. Fig. 10, (a) and (b), page 36, shows the
results obtained in the above bioassay procedure when standard solutions of

GA3 were used as the test solutions,

(u) Estimation of the recovery of GA-LS following TLC
1

5 [3H] gibberellin A (1,2[3H].GA1) (6 x 105cpm Mmoo, 4 cim mol-i)

were applied to a TLC plate and chromatographed [for Experimental Details

see page 21 (s)]. Following reduction to dryness under a stream of nitrogen,
the ethanol:ethyl acetate eluates were re-dissolved in 10 cm3 Brays
scintillatién fluid (Bray, 1960) and the radioactivity estimated using the
tritium channel of a Packard Tri-carb liquid scintillatioﬁfspectrometer AAA
model 544, The counting efficiency varied between 35% and 50%. The recovery
of radioactivity, following TLC, was 77% of that originally applied to the

thin-layer plate.

(v) Estimation of the relative mobilities of authentic GA's following TLC

Aliquots of the standard GA solutions, containing either GA3' a mixture of
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GA# and GA%, or GA9, were appllied to TLC plates and chromatographed as
previously described [see Experimental Details, page 21 (s)]. After being
thoroughly air-dried at approximately 2400, the plates were developed using
a solution of 5% (v/v) sulphuric acid in ethanol and dried in an oven at
100°¢ for 5 min. The positions of the authentic GA's were assessed, both
visually in daylight and under ultra-vioclet light. The relative mobilities

of these compounds were calculated using the following equation:

Relative band speed to front (Rf) = Distance moved by solvent front
Distance moved by X

where X 1s the test compound. Estimations of the Rf values of authentic

GA's were performed each time a group of TLC plates was developed.
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Fig. 1

Spectral energy distribution of the artificial light source under

which seedlings of Hordeum vulgare L., were grown.
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Fig. 2 (a), (b) and (c)

Spectral energy distributions of the light sources used for the
irradiation of organelle fractions, and of a representative green
éafe-light used throughout the course of dark-room manipulations.
Fig. 2 (a) red light source
Fig. 2 (b). far-red light source

Fig. 2 (c) green safe-light



(b)

~
«
N

800

o2

)

g

&
P (S 28 pun N ey

Wovelangth nm

()

700

Wavetength nm

600

500

400

0'21

o
WU (S 2 W T 3oy 3duaNn)y



-27 -

Fig. 3

General procedure for the extraction of organelle fractions from

etiolated leaves of Hordeum vulgare L.
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Table 1

Measurement of cytochrome ¢ oxldase activity in a total leaf homo-
genate and a re-suspended etioplast-enriched pellet (0.5KP) as an

indication of the level of contamination by mitochondrial membranes.

Total volumes of fractions:

Crude homogenate 10 cm3
3

Etioplast-enriched suspension 2 cm
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Table 2

Measurement of cytochrome c¢ oxidase activity in a total homogenate
and a re-suspended chloroplast-enriched pellet (0.5KP) as an

indication of the level of contamination by mitochondrial membranes.
Total volumes of fractions:

Crude homogenate 10 cm3

Chloroplast-enriched pellet 2 cm3
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Fig. 4

General procedure for the isolation of envelope membrane-enriched
fractions from plastids by the method described by Mackender and

Léech, (1970).
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Fig.

The preparation of 'soluble' phytochrome and G-50 organelle-

enriched fractions from a crude homogenate of the first leaves

of 6 day old Hordeum vulgare L. seedlings.

Aliquots marked * were used in subsequent experiments.
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Fig. 6 (a) and (b)

(2)

(b)

The distribution of radiocactivity (following TLC) associated
with the [ H] gibberellin A, applied to a discontinuous

sucrose density gradient.

The movement of [3H] gibberellin A, into a discontinuous

1
sucrose density gradient during centrifugation at 9,350g

for 20 min.
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Fig. 7

Movement of the proteins catalase and haemoglobin into a
discontinuous sucrose density gradient during centrifugationat
9,350g for 20 min,

- = = - catalase

haemogl obin



be s wocovcocnced

=20
<15

L A XL L X X2 2 2 L2 T X DX 2 ¥ X ¥ ¥

*/S

Bottom




- 34 -

Fig. 8

Spectral energy distribution of the artificial 1light source under

which whole shoots of HOrdeum vulgare L. were incubated in a

buffered solution containing [3 1l gibberellin A9.
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Fig. 9

General procedure for the extraction, fractionation and estimation

of GA-LS.
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phases ethyl acetate
phases

* Reduced to dryness and re-dissolved in re=distilled ethanol 3

ethyl acetate 1 3 1 (v/v).

Thin-layer chromatography using chlocroform : ethyl acetate:
acetic acid, 60 3 40 3 S (v/v/v) as the developing solvent,
Solvent allowed to run 10 ca from the point of sample
application. s

1 ca sones eluted from the TIC plates with re-distilled ethanol :
ethyl scetate, 1 3 1 (v/v) and reduced to dryness under a stream
of nitrogen.

3

Samples re-dissolved in 1 ca™ sterile water and assayed using a
sodification of the Jones & Varner (1967) barley aleurone layer

boassay.
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Fig. 10 (a) and (D)

a-amylase activity induced in a barley aleurone layer bioassay
(Jones and Varner, 1967) when standard solutions of GA3 Were

used as the test solutionms.

(The two lines represent results obtained with the two different

batches of seed used in the experiments)

(a) Complete dose-response curve

(b) Expanded detail of the working range of a-amylase activity.
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Chapter 3

Phytochrome and GA-like substances in plastid fractions isolated

from dark-grown plants.
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(2) The characterization of organelle fractions

As stated in the General Introduction all the previous work on the phyto-
chrome control of the levels of methanol-extractable GA-like substances
(GAALS) in isolated etioplast suspensions have been performed using etio-
plast suspensions prepared by the Sephadex G-50 (coarse) gel filtration
technique of Wellburn and Wellburn, (1971). In view of the comments of
Quail, (1977) and other workers (Pers. Comm.) suggesting that the etioplasts
prepared by this method are contaminated by mitochondria and, also, that the
phytochrome present in association with these preparations is present

solely as a soluble contaminant, it was considered necessary to re-invest-
igate the characteristics of the G-50 column and to try to prepare etiopl@st
-enriched suspensions by methods other than the G-50 column. In the absence
of adequate electron microscope facilities it was found necessary to
characterize the organelle fractions in terms of biochemlical marker enzymes.
As stated by Quail, (1979), when considering the positive aspects of using
marker eﬁzymes as opposed to using electron microscope data; (a) thé amount
of material represented by even 10 to 100 electron micrographs is of the
order of 103 less than that used for a biochemical assay of a sub-cellular
fraction and (b) great care is needed in the preparation and processing of
samples for electron microscopy to ensure that unbiased, statistically valid
electron micrographs of the fractions are obtained. When considering
etioplast fractions it is necessary, as in other cases, to use a positive
marker l.e. to locate the fractions enriched in the particular sub-

cellular component for which the activity is a marker, and also, to use a
negative marker, i.e. to establish the absence or low level of a particular
sub-cellular component in fractions enriched for other organelles. There-
fore, as mitochondria have been suggested to be the main contaminant of
etioplast fractions, total extractable carotenoids were used as a positive

marker for the identification of etioplast membranes and cytochrome c oxidase/
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succinatevdehydrogenase activities were used as negative marker enzymes to
assess the contamination of the etioplast-enriched fractions by mitochon-
drial membranes. Carotenoids have been used as markers for etioplast
membranes by several workers (Quail et al., 1976; Jesaitis et .al., 1977;
Ray, 1977) as indeed have cytochrome c oxidase (Cooper and Beevers, 1969;
Batt and Venis, 1976; Hendricks, 1977; Benveniste et al., 1978) and
succinate dehydrogenase (Lee, 1977; Sparace and Moore, 1979) been ﬁsed for
marker enzymes for mitochondria. These enzymes were therefoie used rout-

inely in the subsequent characterization of etioplast-enriched fractioms.

(1) Sephadex G-50 (coarse) gel filtration. [For Experimental Details
see page 13, (d) 1.2]

The G-50 elution profile of Wellburn and Wellburn (1971) shows three peaks

of A257 (Fig. 11, page 44). The first was claimed to correspond to intact
plastids, the second to intact plastids and mitochondria, and a third to
broken plastids., In contrast, the G-50 method profiles obtained by Evans
and Smith, (1976a) and in this work, (Figs. 12 and 13, pages45and 46) show
only single elution peaks. Fig. 14, page 47, shows the profiles of extract-
able carotenoids and cytochrome c oxidase/succinate dehydrogenase activit-
ies measured through a G-50 column eluate. The carotenoids and the mito-
chondrial marker enzymes have similar elution characteristics. The
percentage recovery of these markers in a pooled G-50 eluate compared to
that of the initial crude plastid pellet is shown in Table 3, page 48. The
data suggest that etioplasts are purified to a similar extent following
passage of a crude plastid pellet through a G-50 column and clbsely agree
with those of Quail, (1977). They support his conclusion that etioplast
suspensions prepared by the G-50 method have a significant level of
mitochondrial contamination. Both Evans and Smith, (1976a) and Quail, (1977)
have shown the elution profile of spectrophotometrically-detectable

phytochrome to be closely similar to that of A260 measured through a G-50
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column eluate., Similar results, showing a single elution peak, have been
obtained in this work (Fig. 15, page 49 ). However, Quail, (1977) was

unable to measure phytochrome spectrophotometrically in a re-suspended
organelle pellet he obtained after further low speed centrifugation of
pooled G-50 eluate fractions., He suggested that the phytochrome was present
in the G-50 eluate solely as a soluble contaminant running in the void
volume of the Sephadex G-50 column and that no pelletable phytochrome was
present. In contrast, throughout this work,small amounts of phytochrome
have been detectable in both the 6KS [2 x 10a(b a) Jand the 6KP, organelle-
containing fraction [1.5 x 10A(a4 ] following centrifugation of the pooled
eluate at 6,000g for 1 min. These results suggest that at least part of the
total G-50 eluate phytochrome is truly organelle-associated (43%), despite

a large proportion (57%) being non organelle-associated or soluble as
suggested by Quail, (1977). Kraack and Spruit, (Pers. Comm.) have also

been able consistently to measure pelletable or organelle-associated phyto-
chrome in.G—5O fractlions isolated from etioclated maize leaves, both in
complete darkness and under dim green safe-light. Their data support the
observations that pelletable phytochrome is present in association with

organelle suspensions isoclated by the G-50 method.

The discrepancy between the results obtained by Kraack and Spruit (Pers.
Comm.))Quail (1977) and those presented here may be due to the errors
involved in the spectrophotometric measurement of phytochrome. There are
reports of considerable:variation between phytochrome measurements when

Mg2+ and/or Ca2+ are present in the sample, Also, solutions of varying
turbidity show very marked differences in A(DA) readings (Watson, Pers.
Comm.)., As Ca.CO3 was used to increase effective pathlengths in the cuvettes
and the solutions were of varying turbidity (presumably due to varying
numbers of plastids per sample) either’or a combinationlof these factors may

have produced the differences between readings. Throughout this work it has
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proved viftually impossible to produce balance sheets of phytochrome
measurements when comparing'the phytochfsme contents of crude fractioms,
purified organelle pellets and the corresponding supernatant fractions. In
consequence, dilutions were performed for each sample and the maximum

D (DA) reading obtained was taken as the phytochrome content of a
particular fraction. An exﬁmple of phytochrome measurements through G-50
etioplast purification is shown.in Table 4, page 50. it is therefore
extremely difficult to compare phytochrome measurements between different
samples. However, the results presented here and those of Evans through-
out her work are in close agreement. This is probably due to the very
close similarity of the experimental techniques and measuring conditions.
In order to reduce the error in phytochrome measurements due to varying
numbers of plastids per sample, A (M A) readings were normally expressed
on a protein basis. In retrospect, measurements could have been expressed

in terms of total extractable carotenoids per sample.

(2) Post-G-50 sucrose centrifugation [Eee Experimental Details page
L™
- 13 (1) (1.3)]

The 0.5KP and 27KS fractions obtained following centrifugation of equal
volumes of pooled G-50 eluates through a buffered solution of 20% sucrose
exhibited very distinct characteristics in terms of marker enzymes and of
spectrophotometrically-detectable phytochrome when compared with the
activities of the pooled G-50 eluate. The etioplast-enriched fraction con-
tained 45% of the total extractable carotenoids, 12.5% of the total measure-
able phytochrome [0.5 x 1073 A(AA)] and no detectable cytochrome ¢
oxidase activity. The mitochondrial-enriched fraction contained 14% of
the total extractable carotenoids, 44% of the total measureable phyto-
chrome [1.75 x 10—3 A (A A)] and 97% of the cytochrome ¢ oxidase activity
(rable 5, page 51). It was therefore possible,by this method,to obtain an

etioplast-enriched suspension containing measureable amounts of phytochrome
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but no detectable cytochrome c oxidase activity (indicating the absence of
mitochondrial contamination),and a separate fraction enriched with

mitochondria.

(3) biscontinuous sucrose density gradient centrifugzation
[ For Experimental Details see page 14, (d) 1.4

The elution profile obtained after the centrifugation of a crude plastid
pellet through a discontinuous sucrose density gradient shows two peaks of
extractable carotenoids (Fig. 16, page 52), one at the 25%/40% sucrose
interface with high associated cytochrome c oxidase activity and another
at the 40%/55% sucrose interface with no associated cytochrome ¢ oxidase
activity. Fig. 17, page 53, shows the distribution of phytochrome express-
ed in absolute units (a)'and also the specific activity (b), through a
sucrose density gradient. A large proportion, (approximately 40%) of the
total phytochrome recovered from the gradient is not organelle-associated
(i.e. is soluble), and remains on top of the gradient. A large proportion
of the phytochrome passing into the gradient is associated with the upper
banding fraction but a small amount is associated with the lower banding

fraction.

(4) Discussion

Phytochrome has been shown to be present in association with etioplast-
enriched fractions by several workers, {Cooke et al., 1975; Evans and Smith,
4976a and b;  Kraack and Spruit, Pers. Comm.; Quail, 1977). All of these
workers used the G-50 method to isolate the etioplast-enriched fractions.
Cooke gz;él., (1975) and Evans (1975) showed electron micro-

graphs of the G-50 organelle fractions they isolated and concluded that

the etioplasts prepared by this method were intact, and not contaminated

to any great extent with any other cellular organelles or debris. However,

in a very detailed biochemical and electron microscope study of G-50 eluate
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fractions isolated from eticlated oat shoots Quail (1977) concluded that
mitochondria as well as etioplasts were purified to a similar extent by
the G-50 method., He also proposed that the phytochrome he was able to
detect spectrophotometrically in association with the G-50 organelle
fractions was, in fact, merely a soluble contaminant running in the void
volume of the G-50 column., He was unable to detect phytochrome when the

- G-50 organelles were pelleted by centrifugation and re-suspended., The data
presented in this thesis is in close agreement with those of Quail in
respect of mitochondrial contamination of the etioplast-enriched G-50
fractions but, in contrast to him, it was possible to measure small but
consistent amounts of phytochrome associated with the G-50 organelles
following centrifugation and re-suspension. Kraack and Spruit (Pers. Comm, )
have been able also consistently to measure phytochromé spectrophoto-
metrically in G-50 organelle fractions following centrifugation. Despite
the mitochondrial contamination of the G-50 organelle fractions there is
very little contamination by ribonucleoprotein material (Evans, 19753
Quail, 1977) and a high percentage of the etioplasts are intact (Kraack,
Pers. Comm.). The volume of the organelle-containing G-50 eluate is an
extremely convenient volume of organelle suspension to ekperiment with

and it also has very distinct advantages in that it does not suffer from
the defects inherent in organelle pellet re-suspension, which is very rarely

accurate.

It was possible to obtain two distinct fractions, one enriched with plastids
and another enriched with mitochondria (as julged by mitochondrial membrane
marker enzymes) from the G-50 eluate by a single centrifugation of the
eluate through a cushion of sucrose. Similar fractions were also obtained -
by the centrifugation of a crude plastid pellet through a discontinuous
sucrose density gradient. These two latter methods of plastid isolation

have problems inherent in using quite high concentrations of sucrose,
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pellet re-suspension and dilution of the samples to a suitable volume for
subsequent experimentation. Phytochrome was detectable in association with .
all the organelle fractions isolated. As sucrose has been shown to inter-
fere with the spectrophotometric detection of phytochrome (Hopkins, Pers.
Comm,) it was necessary to pellet, and subsequently to re-suspend the
organelle fractions obtained from sucrose gradients in isoclation buffer in
order to obtain fractions of similar sucrose concentration prior to phyto-
chrome measurement. More recently, however, Billet (Pers. Comm.) has shown
that sucrose concentration has no detectable effect on the spectrophoto-
metric detection of phytochrome in mitochondrial fractions isoclated from
mung bean hypocotyls when CaCO3 is used as a light scattering agent. In
the absence of Ca003 there was a marked effect on the amount of phyto-

chrome detectable. .



Fig. 11

The elution profile of a G-50 column showing three peaks of A257;
the first was claimed to correspond to intact plastids, the

second to intact plastids and mitochondria and a third to debris
and broken plastids.

(from Wellburn and Wellburn, 1971)
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Fig. 12

The elution profile of a G-50 column showing a single peak of

Ar60°

(from Evans and Smith, 1976a)
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Fig. 13

The elution profile of a G-50 column showing a single elution peak
°f Axo-

Bach fraction was 0.5 cm3 in volume,

Data obtained in this work.
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Fig. 14

The elution profile of a G-50 column using cytochrome c oxidase
and succinate dehydrogenase as marker enzymes of mitochondrilal
membranes and total extractable carotenoids as a marker of

etioplast membranes.

Each fraction was approximately 2 cm3 in volume,
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Table 3

The percentage recoveries of etioplast and mitochondrial

membrane markers during G-50 gel filtration.

Total volumes of fractioné;

Crude plastid pellet 5 cm3

Bulked G-50 fractions 9 cm3
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Fig. 15

The elution profile of a G-50 column showing spectrophoto-
metrically-detectable phytochrome [8(A A) Jto have similar
elution characteristics to the etioplast membrane marker, total

extractable carotenoids.

3

Each fraction was approximately 2 cm” in volume.
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Table 4

Measurement of phytochrome content at varying stages during the

isolation of etioplasts by the G-50 method.

Fractions were diluted in 25 mM MOPS buffer.



Fraction

Dilution A A) x 1072
Crude homogenate 0 12.5
1:1 10.0
0 11.5
6KS
1:1 6.5
0 1.0
1!1 1~75
6KP
1!1',' 1-0
1:20 1.0
0 3.0
G-50 eluate
1:1 1.5
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Table 5

The distributions of carotenoids, cytochrome c oxidase and
phytochrome in post-G-50 sucrose centrifugation organelle
éuspensions as a percentage of those present in the initial

pooled G-50 eluate.

Each fractlion was approximately 9 cm3 in volume,
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Fig. 16

Description of the discontinuous sucrose density gradient and the
elution profile obtained using cytochrome c oxidase and total
eitractable carotenoids as markers of mitochondrial and etio-
plast membranes respectively. Note the two peaks of extract-
able carotenoids; the first at the 25%/40% sucrose interface
with high associated cytochrome ¢ oxidase activity and the second
peak at the 40%/55% sucrose interface with no associated cyto-

chrome c¢ oxidase activity.

Each fraction was approximately 2 cm3 in volume,
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Fig. 17

Elution profile of a discontinuous sucrose density gradient in
terms of spectrophotometrically-detectable phytochrome (a), and
its specific activity (b). Phytochrome was measureable in
association with both the organelle fractions despite approx-
imately 40% of the total phytochrome recovered from the gradient
remaining on top of the gradient and was therefore not organelle-

associated (i.e. was soluble).

The volume of each fraction isolated from the gradient was

approximately 4 cm3.

The arrows indicate the banding positions of the organelle fract-

ions subsequently used in light treatment experiments.
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(0) (1) The in vitro phytochrome mediation of the levels of biologically w

active GA-LS extractable from organelle suspensions

From the results presented in Chapter 3 part (a) it was possible to obtain
several organelle-containing fractions; some were enriched with mito-
chondria and some were enriched with etioplasts. All the organelle
suspensions contained measureable amounts of phytochrome. As previous
work on the phytochrome control of gibberellin levels had been performed
with the organelle-enriched eluate obtained from a Sephadex G-50 column it
was decided to try to repeat these experiments and also to study the
effects of 1light treatment on other organelle-enriched suspensions. In
preliminary experiments biological activity extractable from the organelle
fractions was determined using both the Tan-ginbozu dwarf rice bioassay
(Murakami, 1968) and the barley aleurone bioassay of Jones and Varner,
(1967). However, reproducible results were only obtained using the barley
aleurone layer bioassay. The main problems involved with using the dwarf
rice bioassay were those inherent in the application of the test solution
to the plants. It is necessary to apply 1pl droplets to the plants and it
proved extremely difficult to make repeated applications. Moreover, the
accuracy of doing so was extremely difficult to determine. The use of

the lettuce hypocotyl biocassay (Frankland and Wareing, 1960) was precluded
as very small differences in hypocotyl elongation between treatments had
been observed by Cooke et al., (1975). The accuracy of such measurements
is also extremely difficult to determine. When performing biocassays it is
far better to use a wide spectrum of bioassay material rather than to use
a single bioassay as each bloassay system exhibits a characteristic
response spectrum (Reeve and Crozier, 1975). However, for the reasons stated
the barley aleurone layer biocassay was the only bioassay system used in all
subsequent experiments. The synthesis and secretion of &-amylase by the

aleurone layer of seeds of barley are initiated by GA and the quantity of
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the enzyme released is proportional to the concentration of GA applied.

This biloassay has the added advantage of being an almost completely sterile
experimental system and any problems with contamination from, and by,
micro-organisms are reduced to a minimum. Not all barleys are suitable

for the barley aleurone bioasay (Reeve and Crozier, 1975). There are con-
siderable varietal variations in the sensitivity of the response to GA.

In addition, differences in sensitivity are associated with the season, area
of growth and age of the seed. For these reasons the barley variety
Himalaya, 1973 was used routinely. Even under these conditions differ-
ences were noted between the sensitivity of batches of seed obtained from
the supplier at varying times. These differences may have arisen from vary-

ing seed storage conditionms.

At this stage it is perhaps pertinent to consider quantification of bio-
assay results. In the literature gross GA levels per tissue are frequently
expressed as ng GA3 equivalents per gram dry weight. Because of the
complexity of the GA-inhibitor interactions and the varying activities of
the different GA's these estimates are of limited value. Hill and Kimble,
(1969) have pointed out that it is only valid to compare estimates of GA-

like activity in terms of GA, equivalents when parallellism exists between

43
dose/response curves of each of the unknowns and that of GA3. The possibil-
ity of the existence of such parallelism is remote for two reasons. Firstly,
even with pure GA's there is a marked lack of parallelism between dose
response curves. Secondly, it is likely that the chromatographic fraction
being assayed will be a mixture of several GA's and a number of unknown
compounds. The assay response will, therefore, be the net result of the
interaction of these compounds. Hence the relationship between the amount
of GA actually present and the number of GA equivalents measured will be

obscure. (Reeve and Crozier, 1975). Though some authors may argue other-

wise, no amount of elegant statistics will overcome this problem unless the
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nature of ;he interacting compounds can be elucidated and measured for
every assay performed. . Thus, methods for calculating confidence limits
for bioassay data (Hill and Kimble, 1969) are of limited value in practice,
because they are really only valid for assaylng unknown amounts of pure
GA's or mixtures of GA's and non-interacting compounds. For these reasons

the results presented here are presented as pg o-amylase induced and are

not converted to ng GA3 equivalents.

From the work of Evans (1975) the conditions required for the maximum
levels of methanol-extractable GA-LS were taken as being a 5 min irradi-
ation with red 1light followed by a 5 min incubation in darkness at 2400.

These conditions were used routinely throughout the following experiments.

GA-LS were extracted into aqueous methanol to a final concentration of
80% (v/v) and the GA-like activity determined in the acidic ethyl acetate

fractions following TLC.

Fig. 18a page 59, shows the effects of irradiations with red light and far-
red 1light on the level - of biologically-active GA-LS extractable froﬁ
pooled G-50 eluate organelle fractions. The data closely agree with those
previously published (Cooke et al., 1975; Cooke and Saunders 1975; Evans
and Smith 1976&). The levels of methanol extractable GA-LS are substantially
increased if the organelle suspensions are irradiated for 5 min with red
light. However, the levels of ‘activity extractable from samples irradiated
with far-red light for 5 min 3immediately following the red light are close-
ly similar to those extractable from samples maintained in darkness through-
out the treatment period. Figs. 18.b and 18.c, page 60 demonstrate the
effects of red and far-red light on the levels of GA-LS extractable from
the post-G-50 sucrose centrifugation organelle suspensions. The levels of

GA-LS extractable from mitochondrial-enriched fractions following light
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treatment remain ciosely similar to that of samples retained in darkness.
However, the level of GA-like activity extractable from etioplast-
enriched fractions is substantially increased following red light treatment.
The red light-mediated increase in activity is prevented if the samples are
irradiated witﬁ far-red 1light for 5 min immediately following the red

light treatment.

The effects of light treatment on discontinuous sucrose density gradient
organelle fractions are shown in Figs. 18.d and 18.e page 61. Bioclogic-
ally-active GA-LS extractable from the upper banding (25%/40% sucrose
interface) fraction are unaffected by light treatment whereas the lower
banding (40%/55% sucrose interface) fraction shows enhanced levels of
methanol-extractable GA-LS following a 5 min I1rradiation with red light.
Again, treatment of the samples with 5 min far-red light immediately
following the red light reverses the observed increase in the levels of
GA-LS. These data clearly show that phytochrome mediates the levels of
GA-LS extractable into agueous methanol from plastid-enriched fractions
but has no detectable effect on the GA-LS extractable from mitochondrial-

enriched fractions,



Figs. 18.a - 18.e

GA-like substances were extracted and fractionated from organelle-

enriched suspensions as described on page 21 (s).

All bioassay data was obtained using a modification of the Jones
and Varner (1967) barley aleurocne layer bioassay for GA-like sub-

stances as described on page22 (t).

Shaded areas on the histograms indicate stimulation of ¢-amylase
activity above that of the controls that is significant at the

5% level,

The organelle fractions were divided into equal aliquots prior to
light treatment. The results presented are therefore directly

comparable.

The above information relates to all subsequent figures showing
bioassay data. This information will therefore not be presented

on subsequent figure headings.

GA-like activity associated with light-treated organelle-enriched

suspensions.

Treatments: 10 min in darkness (DARK)
5 min red + 5 min in darkness (RED)

5 min red + 5 min far-red (RED/FAR-RED)
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Fig. 18.a

Pooled G-50 eluate organelle suspensions.
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Fig. 18.b and c,

Post G-50 sucrose centrifugation suspensions,
Fig. 18.b etioplast-enriched fraction

Fig. 18.c  mitochondrial-enriched fraction.
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Fig, 18.4 and e,

Discontinuous sucrose density gradient centrifugation

organelle suspensions,

Fig. 18.d 1lower banding (40%/55% sucrose interface)
Fig. 18.e upper banding (25%/40% sucrose ipterface)
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Data of Cooke and Kendrick, (1976) and Evans and Smith, (1976a) showed that
the majority of the increase in GA-LS in G-50 eluate organelle suspensions
was due to increases in the supernatant fractions when the plastid suspens-
ions were subjected to a post-illumination centrifugation. Indeed, Evans
(1975), expressing GA-like activity in ng GAq equivalents, showed that 75%
of the total GA-like activity was extractable from a 6KP fraction. Similar
experiments were performed with the three plastid-enriched suspensions
isolated in the course of this work. For the procedure used in these
experiments see Fig, 19, page 63, Fig. 20. a, b, and c, page 64 .show the
results of such experiments. The majority of the phytochrome-mediated
increase in the levels of GA-LS in all three cases was extractable from

the 6KS fractions. There was, however, a small increase in the GA-like
activity extractable from the 6KP fractions. There was also no marked
change in the distribution of the peaks of GA-like activity between the

6KP and the 6KS fractions. The results are consistent with an effect of
phytochrome either, on the efflux of soluble gibberellins from their site
of origin within the plastids, or release of surface-bound gibberellins,
Conversely, similar results could have been obtained if the plastids had

merely been broken by the post-illumination centrifugation.
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Fig. 19

General procedure for the fractionation of organelle suspensions

following light treatment.



Plastid - enriched organelle suspensions
obtained by:
G-50 gel filtration
Post G-50 sucrose cenfrifugation

Discontinuous sucrose density gradient
centrifugation

Light treatments

l

Centrifugation
6000g  1min
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Fig. 20.a ,b, and c.

GA-like activity extracted from organelle suspensions centri-

fuged at 6,000g for 1 min immediately following light

treatment.

6KP

Light treatments:
DARK
RED

RED/FAR-RED

Fig. 20.a

" zo.b

" 20. c

10 min in darkness
5 min red plus 5 min in darkness

5 min red plus 5 min far-red

Pooled G~50 eluate organelle suspension,

Post G-50 sucrose centrifugation etioplast-
enriched suspension,

Discontinuous sucrose density gradient lower
banding (40%/55% surcrose interface) organelle

suspension,
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In an atteﬁpt to prevent or minimise such plastid rupture, red light
treated aliquots (aﬁproximately 6 cn’ in volume) of G-50 eluates were
layered on to a pre-cooled discontinuous sucrose density gradient and,
after centrifugation, the gradients were fractionated into soluble and
organelle fractions (Fig. 21, page 67). GA-like activity was extracted
into methanol and subsequently biocassayed from each fraction., Fig. 22,
page 68 dex;lonstrates the movement of[3 ] gibbereliin A9 into a similar
sucrose density gradient. Following centrifugation, the majority of the
radioactivity remained in the upper layer of the gradient, thus any GA-
like activity remaining in the upper layer must be considered to be truly
soluble. Fig. 23, page 69 shows that red-light-mediated :anrea.ses in GA-
like activity were extractable from all three fractions isolated from the
gradients. These reéults are therefore not consistent with the hypo-
thesis that the majority of the increase in the red-light mediated GA

levels is due to increases in soluble or non-organelle-associated

gibberellins.

Throughout this work an irradiation with 5 min red light followed by a

5 min incubation in darkness at 24°C was used routinely as the conditions
necessary to obtain the maximal increase in GA-like activity. (Evans,
1975). However, in order to substantiate the data obtained on the
distribution of red-light-mediated increases in GA-like activity between
soluble and organelle fractioﬂé, a time course of varying periods in
darkness following a 5 min. irradiation with red light was performed.
Aliquots of G-50 suspensions were irradiated with red light for 5 min and
maintained in darkness for 0, 5 or 10 min, After treatment the aliquots
were loaded on to a pre-cooled discontinuous sucrose density gradient and
treated as described in the previous paragraphs. The results of these
experiments are presented in Figs. 24.a, b. and c., pages 71, 72, & 73 Again the

red-light-mediated increases in GA-LS are distributed between the soluble
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and the organelle fractions irrespective of time in darkness following the

irradiation with red light.

It is clear that the red-light-mediated response is detectable within the
first 5 min of irradiation with red light. The levels of GA-LS are very
small but were nevertheless repeatable. Without a method of quantitative
assessment it is difficult to assess the differences between the GA-like
activity associated with increasing time in darkness following red light
treatment. What is clear, however, is that there are far higher levels

of GA-LS extractable from fraction 2 when a 10 min. period in darkness
follows the red irradiation. However, the main aim of tﬁe experiment was
to differentiate between truly soluble and organelle-associated GA-LS
levels. From these results there is no evidence to suggest that the
increase in GA-LS is confined to increases in truly soluble GA-LS. The
levels of GA-LS present in the soluble phase could possibly be present
solely as GA-LS released from plastids following rupture. Indeed, a better
experiment (if possible to perform) would have been to isclate a suspension
of intact etioplasts only and then investigate the effect of red 1light on

the plastid-associated GA-LS.

Plastids free of soluble GA contamination could have been obtained by using
a sucrose density centrifugation technique similar to the one used in these
experiments. However, there would still remain the problem involved in
transferring the plastids to another sucrose density gradient. This
manipulation would have undoubtedly resulted in plastid rupture, and with
this, the possible releaée of GA-LS. The experiments described here do
not totally explain the increase in GA-LS but it is difficult to‘envisage
how further data could be obtained. What is clear, however, is that a
large proportion of the red-light-mediated increase in GA-LS is due to

increases that are associated with the plastids themselves.
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Fig.

21

Procedure for the discontinuous sucrose density gradient

centrifugation of light-treated G-50 organelle suspensions.

Dotted lines indicate the limits of the fractions taken for

subsequent extraction of GA-LS.
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Fig. 22

The movement of [?H:]gibberellin A9 into a discontinuous sucrose

density gradient.

Dotted lines indicate the limits of fractions taken for the

extraction of GA-LS.
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Fig. 23

GA-like activity extracted from G-50 eluate fractions centrifuged
into a discontinuous sucrose density gradient immediately follow-
ing light treatment. Following centrifugation three fractions

were recovered from the gradients as described in Fig. 6 (b),

page 32.

Light treatments prior Fractions recovered from
to centrifugation the gradients

5 min red plus 5 min a, b, ¢ (soluble)

in darkness

10 min in darkness d, e, £ (soluble)
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Fig. 24.a, b. and c.

GA-like activity extracted from G-50 organelle fractions
centrifuged into a discontinuous sucrose density gradient

immediately following 1light treatment.

Fractions were recovered from the gradients as described in

Fig. 6 (b), page32.

Light treatments prior Fractions recovered from
to centrifugation the gradients
Fig. 24.2 5 min red plus a, b, ¢ (soluble)
0 min in darkness
5 min in darkness d, e, £ (soluble)
Fig. 24.p 5 min red plus a, b, ¢ (soluble) )
5 min in darkness
10 min in darkness d, e, £ (soluble)
Fig. 24.c 5 min red plus a, b, ¢ (soluble)

10 min in darkness

15 min in darkness d, e, £ (soluble)
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Fig. 24.a
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Fig. 24.b
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Fig. 24.c
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(2) Discussion

Phytochrome has been shown to mediate the levels of GA-LS extractable from
etioplast-enriched fractions into aqueous methanol in vitro (Evans and
Smith, 1976a; Cooke et al., 1976). When etioplast suspensions were
irradiated with red 1light for 5 min and returned to darkness for a further
5 min there was a marked increase in the biologically-active GA-LS sub-
sequently extractable into agqueous methanol when compared to the activity
extractable from etioplast suspensions retained in darkness, or irradiated

with 5 min. red light followed immediately by 5 min. far-red light.

Data presented here from experiments in which light-treated etioplast
suspensions were centrifuged at 6,000g support the data of Evans and Smith,
(1976a) and Cooke and Kendrick, (1976) and show that the majority of the
1ight-mediéted increase in GA-LS is extractable from the 6KS fractions. As
previously proposed the hypothesis advanced to explain the red light-
mediation of GA levels would be that the photoconversion of Pr to Pfr in
etioplast suspensions causes a change in the permeability of the etioplast
envelope membrane with respect to GA-LS thereby allowing an efflux of
these substances out of the plastids into the surrounding medium., The
data could also be explained on the basis of release of surface-bound GA-
LS from the membrane or, as previously described, by the release of GA's
from the plastids by rupture of the organelles themselves. However, data
obtained from sucrose density gradient experiments showed that the in-
‘crease in extractable GA-LS was due to increases in both the soluble and
the particulate fractions. A large proportion of the increased GA-like
activity was associated with the organelles themselves, and was therefore
not due entirely to increases in non-organelle associated or soluble GA's.
It is also of interest to note that the increases in GA-LS is an overall
increase in GA levels and does not appear to be made up of increases in

specific GA-like substances as far as can be judged from biocassay data.
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Also, there do not appear to be any specific differences in the type of

GA-LS and their distribution between the soluble and the organelle fractions.

In 1976, Cooke and Kendrick advanced another explanation of their results;
they proposed that a 5 min irradiation with red light mediated the release
of 'bound' GA's present in association with the envelope membranes into
'free' GA's which were then freely soluble. The "bound' GA's were not
extractable into aqueous methanol whereas the 'free' GA's were. They also
showed that this response was due entirely to a response of fractions en-
riched for etioplast envelope membranes. However, the terms 'bound' and
'free' as used by Cooke and Kendrick (1976) are extremely confusing. Free
or non-~conJjugated GA's have a low degree of hydroxylation and therefore a
high affinity for membranes. Conversely, bound or conjugated GA's have a
high degree of hydroxylation and consequently have a very low affinity for
membranes, ConJjugated GA's are GA's which are chemically combined with

sugar or amino acid residues.

The use of the term 'bound' in relation to a molecule infers that it is
adsorbed or non-chemically associated with a macromolecule or a sub-cellular
structure., It was following the suggestion of Sembder et al., (1968) that
the tem conjugated was widely accepted for use as opposed to the term
bound. Reasons for the use of this term are easily seen from the present
confusion in the literature. The data of CGooke and Kendrick (1976) (Fig.
25, page 78), shows clearly that non-acidic-ethyl-acetate-soluble GA's
present in the dark are converted to acidic-éthyl-acetate-soluble GA's
following irradiation with red light. It is very surprising that the non-
acidic-ethyl-acetate-soluble GA's, having a low affinity for membranes ,were
found associated exclusively with the envelope membrane enriched fraction.
It would seem reasonable to expect these molecules, having a high degree

of hydroxylation and/or association with glucosyl moieties to be present
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in the soiuble components of the etioplasts i.e. in association with the
stroma-enriched fraction. Indeed, results presented in another part of
this thesis show that metabolites of I:BHJ GA9 with a high degree of
hydroxylation are localized iﬁ the stroma fraction. However, the con-
clusions of Cooke and Kendrick (1976) are based on a maximal response in
the lettuce hypocotyl bioassay of 1 mm or less, It is therefore question-
able whether the results are significant at all. Indeed,in their experi-
ments no R/FR reversal experiments were performed and therefore the

involvement of phytochrome in the response can be regarded as no more than

extremely tentative.

From data obtained in this work there was no evidence to suggest that

polar GA's, which remain on the origin of the TLC plate following develop-
ment, were converted to less polar GA's by red light treatment. Indeed,
there was also no evidénce that it occurred between the soluble and the
orgapelle—enriched fractions., In these experiments no R/FR reversal
treatments were performed. The involvement of phytochrome in this response
can therefore also be regarded as no more than tentative. However, organelle
suspensions simllar to those used in the experiments have been characterized
éxtensively in terms of the phytochrome mediation of the levels of GA-LS.

As the levels of GA-like activity were very low and indeed close to the
limits of detection of the bioassay the organelle suspensions were divid-
ed into two equal aliquots for light treatment, i.e. dark and red light
treatments,and not three equal aliquots, i.e. dark, red and red/far-red
light treatments, so that the biological activity per treatment would be

higher.

From the results presented in this part of the thesis it appears that
etioplast-associated GA-LS may be bound to a sub-etioplast structure in

a manner that renders them not readily extractable into aqueous methanol.
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Following treatment with red light the binding structure may become mod-

ified, in an as yet undermined nature, such that the GA molecules are more

readily extractable from the plastids.
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Fig. 25

GA-like activity assoclated with acidic and non-~acidic ethyl
acetate-soluble fractions extracted from etioplasts following

light treatment and sub-fractionation.

(from Cooke and Kenrick, 1976)
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c The uptake and metabolism o gibbere e ed shoots
(1) The uptake and bolism of [°H] gibberellin A, into detached shoot

of ordeum vulgare L. and the effect of light treatment on plastid

fractions subsequently isolated. (For description of method see

Fig. 26, page 83).

In a further attempt to study the role of phytochrome in the control of
etioplast gibberellin levels a series of experiments with a[3H] gibberellin

were performed. Intact shoots of HOrdeum ig;éare L. seedlings were incubat-

ed in a buffered solution of [H] gibberellin Ay and the effects of light
treatments on the distribution of radiocactivity in plastid-enriched fract-

ions subsequently isolated from these shoots were studied.

Gibberellin biosynthesis is believed to proceed in the order of increasing
hydroxylation (Geissman et al., 1966; . Verbiscar gj;gl., 1967; Cross et al.,
1968) and GA9, a non-hydroxylated GA could therefore serve as an efficient
precursor to other GA's. It was hoped that the use of a radiocactive tracer
would enable any phytochrome-mediated responses to be presented on a more

quantitati?e basis than by the use of bioassay data alone,

The problems involved in expressing bioassay data have been previously
discussed. Long term incubations of detached shoots in [3u] gibberellin
A9 were chosen as opposed to short term direct feeding of label to etioplast
suspensions to ensure that plastids were capable of taking up the radio-

actively-labelled compound in vivo. .

Whole shoots of dark-grown Hordeum vulgare L., seedlings of varying ages

were incubated in a buffered solution of EBH] gibberellin A9 [see
Experimental Details, page 18, j(i)] for 24h at 24°C. At the end of the
incubation period radiocactivity associated with both the whole shoots and
with a total plastid fraction isoclated from them [seelﬂxperimental Details,

page 14, (d) (2.1)] was assessed,Fig. 27, page 84, shows the results of
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such measurements. The maximum amount of radiocactivity recovered from both
a total shoot homogenate and from the plastid-enriched fractions was from
six day old plants. Plant material of this age was therefore used rout-

inely in all subsequent experiments.

Fig. 28, page 85, shows the distribution of radioactivity (following TLC)
extractablé into aqueous methanol from both a total shoot homogenate and
from a total plastid fraction. If this figure is compared with Fig. 29,
page 86 (the distribution of radioactivity associated with the standard
PH] gibberellin A9 following TLC), it is clear that the distribution
associated with both fractions has changed markedly from that originally
applied. This data suggests, therefore, that a large proportion of the
radiocactivity associated with the applied [3H] gibberellin A9 is now
associated to a very large extent with other compounds. The most marked
change is the transfer of radioactivity to polar material (i.e. material
remaining on the origin of the TLC plate following TLC.) Metabolism of

the [H] gibberellin A, had, therefare, occurred.

Fig. 30, page 87, shows the distribution of radioactivity in zones 1 em in

length isolated from the entire length of the Hoxrdeum vulgare L. shoots.

Highest amounts of radioactivity were recovered from the zones nearest the
bases of the shoots (i.e. the portions of the shoots nearest the point of
immersion in the radioactively-labelled solution). There were, however,
considerable amounts of radioactivity assoclated with all the other zones.
Although etioplast suspensions were not isolated from every zone those
isolated from segments 3 cm in length, 1 cm from the apex of the shoots had
radiocactivity associated with them. Indeed, when these eioplast-enriched
suspensions were layered onto a discontinuous sucrose density gradient and
centrifuged [see Experimental Details page 19 j(1i)] between 15% and 35%

of the total radiocactivity recovered passed into the gradient. These
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results suggest that a consistently measurable amount of radiocactivity was
associated with the organelle fractions despite a large proportion remain-
ing on top of the gradient and being truly soluble [Figs. 31(a) and (b),
page 88J.  When similar etioplast suspensions were further fractionated by
the method of Mackender and Leech (1970), only 4% of the radiocactivity was
associated with the envelope membrane-enriched fraction, 11% was associated
with the prolamellar body-enriched fraction and 85% was associated with the

soluble components of the stroma-enriched fraction (Table 6, page 89).

Table 7, page 90, shows the results of experiments in which radiocactively-
labelled etioplast suspensions were subjected to light treatments in vitro
at 24°c. Immediately following light treatment the etlioplast suspensions
were layered onto a pre-cooled disccntinuous sucrose density gradient.
Following centrifugation, the distribution of radioactivity between two
fractions isolated from the gradients was estimated. The results show
that a 5 min irradiation with red light has no detectable effect on the
distribution of radiocactivity between the fractions isolated when compared
to similar fractions that were maintained in darkness throughout the treat-
ment period. Similarly,there was no detectable difference in the
distribution of radiocactivity between the fractions when etioplast-
enriched were maintained in darkness for varying periods following a 5 min
red irradiation compared to those maintained in darkness throughout the
treatment period (Table 8, page 91). When light-treated etioplast-
enriched suspensions were extracted into ;;ueous methanol and subjected

to TLC (Fig. 32, page 92) there was only very little apparent change in

the distribution of radiocactivity between the treatments. The distribut-
ion of radiocactivity extracted from the red-light-treated samples differ-
ed from the dark and the red/far-red treated samples only in the radio-
activity associated with the Rf zones 0.8-0.9 and 0.9-1.0. Approximately

10% more of the radioactivity was associated with Rf zone 0.8-0.9 in the
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red-light-treated samples. This increase in radioactivity was due to an
approximate 5% decrease in the activity of Rf zone 0.9-1.0 amd only minor
decreases in the amount of radiocactivity associated with the remaining

zones. The increase could not be accounted for by any loss in radioactivity

associated with more polar material.



-83 -

Fig.26

General procedure for the investigation of the uptake of radio-

activity from a buffered solution containing [3 1l gibberellin A9

into detached shoots of Hordeum vulgare L. and the effects of

light treatment in vitro on etioplast-enriched suspensions sub-

sequently isolated.
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Fig. 27

The effect of age of plant material on the uptake of radio-

activity from a buffered solution of LBH] gibberellin A9 into

shoots of Hordeum vulgare L. during a 24h incubation at 24°¢

in total darkness.

— uptake into whole shoots

———— uptake into an etioplast-enriched
suspension subsequently isolated

from a total leaf homogenate.

The age of the plant material at the termination of the experi-

ment was age from sowing plus 24h,
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Fig. 28

The distribution of radiocactivity in a total leaf extract
(

extraction into agqueous methanol and TLC.

) and an etioplast-enriched extract ( ---- ) following
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Fig. 29

The distribution of radiocactivity associated with the standard

[3H] gibberellin Ay following TLC.
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Fig. 30

The uptake of radiocactivity from a buffered solution containing

[3H] gibberellin A9 into 1 cm zones isolated from shoots of

Hordeum vulgare L. following a 2%h incubation at 24°C in total

darkness.
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Figc 31-8- a.nd b;

(2)

(b)

Description of the discontinuous sucrose density gradient
and the limits of samples fractionated following

centrifugation.

The percentage distribution of radloactivity between
soluble and organelle fractions following centrifugation

of radioactively-labelled etioplast-enriched suspensensions.



(a) .

soluble
fraction

=25%-|= === == ===

organelle
fracti
55% on

(b)

<; Total dpm recovered

Soluble fraction Organelle fraction Total dpn recovered

1 tse tsE
73 4 | 27 1 4820
g0 1 0 4 892
73 1 . a7 5 1218
82 12 18 4 1302
67 3 33 2 4194
86 13 14 3 1800
69 9 31 5 911
65 3 B 2 3924
85 13 15 3 1210




-89 -

Table 6

The percentage distribution of radiocactivity in etioplast-
enriched suspensions following fractionation by the method

described by Mackender and Leech (1970).
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Table 7

The percentage distribution of radiocactivity between the soluble
and organelle fractions of a discontinuous sucrose density
gradient following 1light treatments at 24°C and subsequent
centrifugation of radiocactively-labelled etioplast-enriched

suspensions.

The organelle suspensions were divided into two equal aliquots
prior to light treatment, the results presented are therefore

directly comparable.
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Table 8

The percentage distribution of radiocactivity between the plastid
and soluble fractions of a discontinuous sucrose density
gradient following centrifugation of radiocactively-labelled
etioplast suspensions irradiated with 5 min red light and

maintained in darkness for varying periods at 24°c.

The organelle suspensions were divided into two equal aliquots
prior to light treatment. The results presented are therefore

directly comparable.
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Fig. 32

The effects of light treatment in vitro on the distribution of
radioactivity of etioplast-enriched suspensions following

extraction into aqueous methanol and TLG.

The organelle suspensions were divided into three equal aliquots
prior to light treatment. The results presented are therefore

directly comparable.

Total dpm recovered per treatment;

dark 1443

red 1362

red/far-red 1631
Treatments:

10 min in darkness
5 min red plus 5 min in darkness

5 min red plus 5 min far-red

Rf values of authentic GA”s:

GA® 0.23

GAMd /7 0-65

GAg 0.92
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(2)  Discussion

Whole shoots of etiolated seedlings of Hordeum vulgare L., were able to

take up radiocactivity from a buffered solution of [3H] gibberellin A9
over a 24h incubation period. Some of the radiocactivity was associated
with etioplast-enriched fractions subsequently isolated from these shoots.
The majority of the radiocactivity was associated with more polar material
(i.e. material remaining at the origin following TLC) than the gibberellin
A_ originally supplied. There was therefore evidence that metabolism of

9
the gibberellin A had occurred., In the absence of physical data e.g.

9
GC-MS or GC-RC it was not possible to determine the exact nature of the
radiocactively-labelled metabolites or, indeed, to confirm that the metabol-
ites were gibberellin-like. However, there is evidence to suggest that
[3H] gibberellin A9 does not accumuwlate in lettuce hypocotyl tissue;
after a 2h incubation in [’H] GAg, 9% of the total tissue radioactivity
was no longer associated with GA9 (Nash et al., 1978). There was evidence
to suggest that a major metabolite 1s GA2
tive glucosides continued to increase up to 24h. In feeding studies with

0 and that this and two presump-

peas, using GC-MS for identification of all products and GC-RC to relate
them with the label, Frydman and MacMillan (1975) found that EBH] GA9 was

converted to [°H ] GA,, dihydro - [Pu] GA,y and a conjugate of the latter.

EBH:]GA was converted to EBH:]GA and also to conjugates of both
20

29
9° Conversion of [31-{] GA9 to H2-[3H] GA31 and
[3H JGA, . as well as conversion of the latter to EBH:]GA

20 : 2

(PuJcA,, and Prlca,
9 in pea seedlings
and germinating peas was shown independently by Railton et al., (1974a, b).
They also showed that the radiocactive interconversion products produced
by the pea from the [H ]GA9 had chromatographic properties similar to
biologically-active GA-LS present in etiolated shoots of dwarf pea as

assessed by the dwarf pea bioassay. Metabolism of other tritiated GA's
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€.g. [3H] GA5 and [BH] GA1 to more polar compounds has also been shown to
occur in dwarf pea tissue (Jones and Lang, 1968; and Musgrave and Kende,
1970 respectively). It seems reasonable, therefore, on the basis of
published data to suggest that many of the radiocactively-labelled met-
abolites present in association with the isolated etioplasts still have a
gibbane skeleton and that they may represent those glbberellins maturally-

occurring in the etioplasts.

Light treatments had no detectable effect on the distribution of radio-
activity between the soluble and organelle fractions. There was therefore
no evidence to suggest an effect of phytochrome on the permeability of the
etioplast membranes with respect to the radioactively-labelled metabolites.
When light-treated etioplast suspensions were extracted into methanol

and subjected to TLC there was no marked change in the distribution of
radiocactivity between treatments. There was, however, a very small in-
crease in the amount of radioactivity associated with the Rf zone 0.8-0.9

in red-light-treated suspensions.

It would seem necessary, in future experiments,to identify the radio-
actively-labelled compounds by physical methods and attempt to relate
these to biological activity. However with a compound of such high
specific activity (48 Ci mmol"i) the mass involved is so small that the

use of a bioassay may not prove very fruitful.
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() Investigations of the association in vitro of 'soluble' phyto-

chrome with organelle fractions and its possible effect on the

levels of biologically-active GA-LS.

Currentlj, the most popular hypothesis for the mechanism of action of
phytochrome, proposed by Hendricks and Borthwick (1967), considers phyto-
chrome to modulate directly the properties of some, or all, cellular men-
branes. The hypothesis has stimulated an extensive search for meaningful
associations between phytochrome and plant membranes. From this search,
two general categories of phytochrome-membrane associations may be defined:
(a) a small proportion of the total cell phytochrome of etiolated plants
is found inherently associated with particulate material (Rubinstein et
al.,1969: Cooke et al., 1975; Evans and Smith.1976a and b; Furuya and Manabe,
1976; and in this work) and (b) a larger proportion may be induced to
assoclate with particulate material upon photoconversion of Pr to Pfr with
red 1ight in some plant tissues (Quail et al., 1973; Furuya and Manabe,
19763 Mamé et al., 19763 Quail and Gressel, 1976;). As yet there is
no evidence that the red-light induced association of phytochrome with
pérticles is related to phytochrome action: however,since relatively
large amounts (up to 80%) of the total homogenate phytochrome may be in-
volved the phenomenon is much simpler to investigate and consequently a
large body of information has been gathered. Pratt (1977) has comprehen-
sively reviewed the literature on red-mediated phytochrome-membrane
associations and describes two main categories: (a) a definite in vitro
association; and (b) a possible in vivo association. The in vitro
association can be observed in homogenates, is sensitive to high pH and
ionic strength, is insensitive to divalent cations (although cations at
ca. 10mM are required to pellet the phytochrome-associated particles), has

only been found in a few species (Cucurbita, Zea, Sinapis, and Pisum) and

probably represents a physiologically non-relevant adsorption of Pfr to
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partially degraded ribonucleoprbtein material (Quail, 1975; Quail and
Gressel , 1976). The so-called in vivo association either occurs ﬁpon red
irradiation in vivo, or immediately upon homogenization of red-irradiated
tissues, requires around 10mM Mg2+ or ca? (presumably for aggregation of
membranous material), is relatively insensitive to PH and ionic strength,
and has been found in all eleven species so far surveyed. Pratt and Marmé,
(1976), Marmé, (1977) and Pratt,(1978) in reviews, conclude that the 'in
vivo' associations may be related to the primary mechanism of phytochrome

action, but definitive evidence on this point does not yet exist.

An interpretation which has become popular amongst authors in this field
is that a specific, membrane-associated, receptor for Pfr exists (e.g.
Schifer, 1975, Steinitz et al., 1976). As Pratt,(1978) points out how-
ever, three important criteria need to be fulfilled before suwch an inter-
pretation can be allowed: (a) the interaction must be specific for
phytochrome, as opposed to other proteins; (b) the binding affinity must
be high and consistent with the known biological activity of phytochrome;
and (c) the interaction of Pfr with the putative receptor must be related
to the expression of its biological activity. It is difficult to see how
these criteria can be experimentally satisfied in an association which
probably takes place only in vivo; what is needed is an in vitro assoc-
iation, free of the artifactual problems outlined by Quail and Gressel
(1976) and which may be investigated by the classical techniques of ligand-

receptor theory.

In this section experimental results are reported which are a step to-
wards such an in vitro phytochrbme-membrane association in which R/FR
reversibility in vitro (i.e. the mediation of GA levels) has already been

shown to exist.
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(1) Red light-induced phytochrome pelletability in crude homogenates of

etiolated Hordeum vulgare L. leaves (for description of method see
Fig. 33, page 98)

The effects of in vitro irradiations of crude homogenates (filtered through

miracloth) of etiolated Hordeum vulgare L. leaves on the amount of phyto-
chrome associated with 6KP fractions subsequently prepared from the homo-
genates were investigated by Dr A Evans at Sutton Bonington, 1975-6. Crude
homogenates and 6KP fractions were prepared as described in the Experimental-
Details on page 12(d)1.1. The results she obtained are set out in Table 9
(a), page 99. A 5 min irradiation with red light increased by approx-
imately 60% the specific activity of the 6KP material. A 5 min irrad--
jation with far-red 1light given immediately subsequent to the red
irradiation did not result in any diminuition of the red light-induced

pelletability of phytochrome.

The association of phytochrome with the pelletable material is quite stable,
both in the Pr and the Pfr form. Fig. 34, page100, éhows the time course
of the loss of spectral photoreversibility in a dark-inoculated homo-
genate, and in a similar homogenate treated with red light and retumed

to darkness. Loss of total phytochrome follows a similar course in both
samples. Dark and red light treated homogenates were subsegquently puri-
fied by the G-50 method. LSee Experimental Details, page 13, (d) 1.21.

The red 1light treated homogenates showed an approximate 50% enrichment

of the specific activity of the phytochrome associated with the column
eluate (G-50) when compared to those prepared from dark-maintained homo-

genates [Table 9 (b), page 99J.
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Fig. 33

General procedure for the investigation of phytochrome

pelletability in crude homogenates of etioclated Hordeum vulgare

L. leaves.,

Aliquots of samples marked * were used in experimentsQ
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Table 9 (a) and (b)

(a) Light-induced phytochrome pelletability of filtered

homogenates of etiolated Hordum vulgare L. leaves.
(v) Light-induced phytochrome pelletability of filtered
homogenates purified by the G-50 method.

[ from Evans, 1975-6 (unpublished results) and sub-

sequently from Smith, Evans and Hilton, 1978 ]
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Fig. 34

Time course of the loss of spectral photo-reversibility in

freshl y-prepared homogenates of etiolated Hordeum vulgare L.

leaves,

(from Smith, Evans and Hilton, 1978)

Treatments:

aliquot given 5 min red light and returned to
darkness ‘

@ :2liquot maintained in darkness
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(2) The association of 'soluble' phytochrome with pelletable material.
(For_description of method see Fig. 5, page 31).

If the red light-mediated increase in phytochrome pelletability found by
Evans (1975-6) in crude homogenates represents an association of ‘soluble’
phytochrome with particulate material, then a similar phenomenon should
occur if 'soluble' phytochrome, completely devoid of pelleta.ble material,
is mixed with purified organelles., This was tested initially by Evans,
and subsequently by myself, by incubating an aliquot of partially-purified
organelles obtained by the G-50 method [for Experimental Details see

page 13 (4) 1.2] with an aliquot of the 100KS fraction [for Experimental
Details see page 17 (f.)] which contained substantial amounts of 'soluble'
phytochrome but no pelletable material. The aliquots of soluble phyto-
chrome contained an average of 2.02 mg protein and gave 0.0113 A(AA)
yielding a specific activity of 5.59 x 1073 A(AA)ng protein'i. Table 10,
page 102, shows that simple mixing of such aliquots in the absence of 1light
treatment does not yield enhanced pelletability. [Phytochrome pellet-
ability was estimated as outlined in the Experimental Details on page 17
(g)]. On the other hand, if such mixtures are irradiated, after mixing,
with red 1light, the specific activity of the phytochrome detéctable in
the subsequently prepared 6KP fraction is approximately doubled., A far-
red irradiation given immediately subsequent to the red irradiation does
not diminish the increased pelletability of phytochrome. In a number of
control experiments a red irradiation was found to have no detectable
effect on the amounts of pelletable phytochrome in aliquots from the

G-50 column. Similarly, aliquots of soluble phytochrome did not contain
any phytochrome pelletable at 6,000g when irradiated with red light or

maintained in darkness.
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Table 10

The 1light-induced association of ‘.'..solu'blev'; phytochrome with a

G-50 organelle fraction.

[from Smith, Evans and Hilton, 1978 J
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(3) The effect of pre-irradiation on phytochrome pelletability

It appears from the results presented that an irradiation with red light
induces 'soluble' phytochrome to associate with the G-50 organelles, and
that photoconversion of associated-phytochrome from Pfr to Pr does not
lead to a loss of pelletability. Indeed, data of Evans shows that even
when samples are maintained in the Pr state after a red/far-red irrad-
iation sequence for several hours, no detectable loss of pelletability was
observed, (Fig. 35, page 104). It was important, therefore, to test whether
the association of soluble phytochrome with the pelletable material was
dependent on the presence of Pfr in either, or both of the components.
Table 11(a), pége 105, shows data from experiments in which aliquots of
'soluble' phytochrome and G-50 organelle suspensions were treated separat-
ely with either red, red followed by far-red or maintained in darkness
prior to centrifugation. These results show that the inciease in pellet-
able phytochrome occurs only if both the components of the mixture are
irradiated with red light. Table 12, page 106, shows data from separate
experiments in which the G-50 organelle suspensions and the soluble phyto-
chrome were subjected to red, or red/far-red treatment separately prior to
mixing and centrifugation. It is clear from these results that the require-
ment for red irradiation represents, in fact, a requirement for the
presence of Pfr., Thus, the increase in pelletable phytochrome only occurs
if Pfr is present in both the organelle suspensions, and in the soluble
phase. Soluble Pfr, therefore, will not pellet with organelles containing
énly Pr, nor will soluble Pr associate with organelles containing either

Pr or Pfr and Pr.



- 104 -

Fig. 35

The stability or organelle-assoclated phytochrome in vitro.

G-50 organelle suspensions were.:l
incubated in darkness (&)
irradiated for 5 min with red light (o)

or irradiated for 5 min with red light followed by
5 min. far-red light (@)

and returned to darkness.

[from Evans, 1975-6 (unpublished results) and subsequently
Smith, Evans, and Hilton, 1978]
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Table 11 (a) and (b)

The effect of pre-irradiation on the pelletability of phytochrome
in subsequently-mixed preparations of 'soluble' phytochrome and

G-50 organelle fractions..

(a) Aliquots of 'soluble' phytochrome (100KS) and purified
organelles (G-50) were subjected to the stated light
treatments, immediately mixed, incubated in darkness at

24°¢ for 5 min and phytochrome pelleta.bility determined.

(v) As a control, an aliquot of soluble phytochrome and one
of purified organelles were mixed, irradiated for 5 min
with red light and incubated in darkness for a further

5 min before centrifugation and measurement as in (a).

[from Smith, Evans and Hilton, 1978]
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Table 12

The regquirement for Pfr in both organelle suspensions and

'solublef fractions.

[from Smith, Bvans and Hilton, 1978 ]
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(%) The effect of Pfr-induced phytochrome pelletability on GA-LS extract-

able into agueous methanol

From the results presented earlier, it is clear that phytochrome associated
with G-50 organelle suspensions is active in mediating the levels of GA-LS
extractable into aqueous methanol following photoconversion to Pfr. It was
therefore of interest to investigate the effects of the Pfr-induced pellet-
ability of 'soluble' phytochrome on the levels of GA-LS subsequently
extractable from the organelle suspensions. When an aliquot of G~-50 eluate
was incubated in red light in the presence of a preparation of 'soluble’
phytochrome, there was an inhibitory effect on the levels of GA-LS extract-
able when compared to those extractable from a similar preparation in which
'soluble' phytochrome was replaced by a similar volume of 25mM MOPS buffer
(Fig. 36, page 108). These results could possibly mean that incre;sed
amounts of phytochrome associated with the organelles has an inhibitory

effect on the levels of GA-LS extractable from them.

On the other hand, although the preparation of soluble phytochrome was
devoid of pelletable material, it may contain soluble substances inhibit-
ory to the production of a-amylase in the barley aleurone layer biocassay;
substances inhipitory to the red light-mediated increase in GA-like
activity or substances which may nullify the effect of phytochrome photo-
conversion and/or events leading to the subsequent increase in the extract-
ability of GA-LS. The results obtained may therefore not represent a true
effect of the increased amounts of phytochrome associated with the
organelles but may reflect the effect(s) of wnidentified constituents of
the 'soluble' phytochrome preparation. Further experiments would necess-
itate the use of a more highly-purified preparation of soluble phytochrome

or, indeed, radiocactively-labelled phytochrome.
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Fig. 36

The effect of Pfr-induced phytochrome pelletability on GA-LS

extractable from G-50 organelle suspensions.

Treatments{
G~50 organelle suspension incubated in the

presence of 25 mM MOPS

———— G~-50 organelle suspension incubated in the
presence of a preparation of 'soluble' phyto-
chrome,
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(5) Discussion

The results indicate that soluble phytochrome will assoclate in vitro with
isolated G-50 organelles, provided Pfr exists in both components. Once
associated, the phytochrome remains pelletable for several hours, either
in the Pr form or principally in the Pfr state, It is premature to attempt
to decide whether this red light-induced increase in pelletability is
representative of the in vivé assoclation described in the Introduction,

or whether it is another form of the épparently artefactual in vitro
association. What can be stated, however, is that the pelletable material
contains very little ribonucleoprotein material (Evans, 1975; Quail, Pers.
Comm,) and that the red light-induced pelletability does not depend on the
presence of divalent cations. It seems unlikely, therefore, to be arte-
factusl in the manner described by Quail and Gressel, (1976). The in vitro
association of soluble phytochrome with isolated organelles reported here
has some similarities with the phenomenon observed by Georgevitch et al.,
(1977) who showed that phytochrome binds to particulate fractions and to
purified mitochondria from etiolated oat tissues. Although Pfr bound more
readily than Pr, Georgevitch et al., (1977) did not test the effects of pre-
irradiation in vitro on the binding structures. Red irradiation of oat
tissue in vivo yielded particulate fractions which bournd lesser amounts of
soluble Pfr in vitro, indicating that the binding sites had been saturated
in vivo, or immediately upon extraction. In the experiments reported

here with barley preparations, the additional pelletable phytochrome was,
in all trials, approximately equal to the amount of phytochrome inherently
associated with the organelles. A simple explanation, therefore, would be
that Pfr molecules may assoclate to form irreversible dimers., If one of
the two phytochrome molecules forming the dimers is a component of an
organelle membrane, then subsequent centrifugation would pellet the dimers

and enhance the observed pelletability. If such a mechanism does occur, it
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would seem important to determine whether or not it is involved in the so-

called in vivo pelletability described by Marmé (1977) and Pratt (1978).

When Gr50_organelle.suspensions were irradiated with red light in the
presence of 'soluble' phytochrome; there was a decrease in the levels of
GA-LS subsequently extractable into methanol when compared to those
extractable from organelle suspensions irradiated with red 1light in the
presence of buffer alone., These results suggest that additional amounts of
phytochrome associated with the organelles may inhibit the red-light
mediated increase in GA-LS. However, the results may also represent
inhibition of the response by unidentified soluble substances present in
the 100KS preparation. Another possibility is that the Pfr-induced assoc-
iation of soluble phytochrome with the organelle mediates a change in the
conformation of the plastid membranes such that the increase in GA-LS in
response to red irradiation cannot be elicited, Conformational changes in
the plastid membranes could be operating to block both the movement of GA-
LS across the envelope membtranes and/or to block the release of GA-LS

from the membranes.

The amounts of phytochrome detectable in all the preceding experiments were
consistently detectable. They were, however, very close to the limits of
detection. Future experiments with highly purified phytochrome, or indeed

radioactively-labelled phytochrome may prove fruitful.
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()  Sumery
The data presented in this chapter support those obtained by Cooke and
. Kendrick (1975); and Cooke et al., (1975) and Evans and Smith (1976a and b); and
show éﬁat_phytochrome is present in association with isolated etioplast
preparations and that it mediates Eh vitro the levels of GA-LS extractable
from them into agueous methanol. The data also show that phytochrome is
associated with etioplasts following their passage through a sucrose cushion
or into a sucrose gradient; it is therefore truly organelle-associated and
not present solely as a soluble contaminant. The GA-LS levels extractable
from the etioplast preparations which are substantially free of mito-
chondrial contamination are also controlled by phytochrome in vitro.
Simple fractionation data indicating that an irradiation with red 1ight
results in an increase in the GA-LS levels extractable from the supernatant
(Bvans and Smith 1976a; Cooke et al., 1976) has been confirmed; however,
data obtained from sucrose density gradient fractionation strongly suggests
that the increase in the levels of GA-LS is due to increases in both the
organelle and the soluble fractions isolated from these gradients. The
distribution of GA-LS between the two fractions was similar irrespective
of time of incubation in darkness following the red irradiation.
Experiments using [?H:]gibberellin GA9 demonstrated that shoots of Hordeum
vulgare L. seedlings had radiocactivity associated with their plastids and
that the gibberellin A9 was metabolised to other radiocactively-labelled com-
pounds over a 24h incubation period. When etioplast suspensions werglsub-
sequently isolated there was no detectable effect of red light treatment
in vitro on the distribution of radiocactivity between the organelle ami
the soluble fractions isolated following sucrose density centrifugation.
When the incubation times in darkness following the red irradiation were

varied there was also no detectable effect on the distribution of radio-

activity between the fractions. There was also no detectable difference
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between the dark and red-treated samples when radioactively-labelled sub-~

stances were extracted into methanol and subjected to TLC.

In experiments with a 'soluble' phytochrome preparation, phytochrome was
shown to associate in vitro with a G-50 organelle suspension. The
assoclation was detectable only when both the 'soluble' phytochrome and
that inherently associated with the organelles was present as Pfr: the
assoclatlion assumed a 1:1 relationship suggesting the possibility of dimer

formation upon irradiation with red light.

Increased amounts of phytochrome assoclated with the organelles markedly
reduced the levels of GA-LS extractable from the organelle-suspensions

following red 1ight treatment.



Chapter 4

Phytochrome and GA-like substances in plastid fractlons

isolated from light-grown plants,
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From the results presented in Chapter 3 of this thesis and from data
presented elsewhere (Cooke et al., 1975; Cooke and Kendrick, 1976;

Evans and Smith, 1976 a and b) there is strong‘evidence to suggest that
phytochréme is associated with, or is intrinsic to, plastids isolated from
dark-grown plants and that it mediates in vitro a clearly-defined response
(i.e. the mediation of GA levels). In this chapter, the intriguing
question of whether phytochrome, (if present), operates similarly in
plastids isolated from light-grown plants has been investigated.

(a) The phytochrome mediation of GA-LS levels in a differentiating
plastid fraction isolated from light-grown seedlings

There is strong evidence in the literature to suggest that GA-LS are
associated with plastids isolated from light-grown plants (see Chapter 1,
General Introduction). An opportunity arose to perform some collaborative
experiments with Professor R Leech and her colleagues at the University of
York on the levels of GA-LS present in association with plastids at differ-

ent stages of differentiation isolated from Triticum aestivum L. seed-

lings. They had chosen wheat, a monocotyledonous species, because in the
leaves of their young seedlings all cell divisions occur in a basal meristem,
resulting in a developmental sequence of cells from the base to the tip of
each leaf. Also, the complication of chloroplast dimorphism, as found in
maize, was avoided. Dicotyledonous leaves are not an ideal tissue in which
to study plastid differentiation since the leaf is a mosaic of cells at

different stages of differentiation.

The levels of GA-LS extractable from the wheat shoots varied markedly
between the consecutive 5 x 1 cm zones isolated (Fig. 37, page 116). The
levels of GA-LS extracted were not corrected for the efficiency of plastid
extraction between zones. Generally, chlorophyll content is used as an
estimate of the efficiency of plastid isolation but in this case chlorophyll

content varied markedly between the zones isolated (Table 13, page 117).
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However, the table also shows estimates of plastid number cm-3. The plastid

numnber cm-3 does not vary greatly and any differences could not account for
differences between the GA-LS associated with the 0-0.1 cm and the 1.0-2.0
cm zonés.' Phytochrome was readily detectable spectrophotometrically in
plastid fractions isolated from the 0 - 1.0 cm zone and decreased with
increasing distance from the base of the shoot (Fig. 38, page 118). However,
concomitant with the decrease in spectrophotometrically-detectable phyto-
chrome there was an increase in the chlorophyll content. The decrease in
detectable phytochrome may, therefore, be due to increased screening by
chlorophyll of the A(A A) reading obtained (Jose et al., 1977) and may not
be due to a tr%e decrease in the amount of phytochrome associated with

plastids isolated from zZones a greater distance from the base of the leaf.

As phytochrome was present in association with plastids isolated from the
lowest zone of the leaf, experiments to investigate the effect of light
treatment on the GA-LS associated with this zone were performed. As the

0 - 1.5 cm zone was always beneath the level of the compost plastids were
isolated from this zone as opposed to the 0 - 1.0 cm zone only,in order to
reduce_the amount of material needed to perform the experiments and also to
reduce the time taken from excision of the first to the last shoot segments.
The levels of GA-LS extractable from plastid fractions isolated from O - 1.5
cm zones irradiated with red light in vitro were markedly higher than those
extractable from a similar fraction retained in darkness. If a 5 min.
irradiation with far-red light immediately followed the red irradiation,

the levels remained closely similar to those extractable from the dark

control (Fig. 39, page 119).

These data collectively suggest that phytochrome associated with these
fractions mediates a change in the levels of GA-LS extractable from them in

vitro. Extrapolation of these results can be regarded only as very tentative,
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However, the die;.tribution of GA-LS extractable from the fractions follow-
ing an irradiation with red light in vitro are not too dissimilar to the
distribution obtained when GA-LS are extracted from plastids isolated
from tl:le ad jacent zone. The hypothesis advanced, therefore, is that
phytochrome controls the levels of GA-LS associated with differentiating

plastids in vivo.
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Fig. 37

GA-1like activity extractable from 1 cm zones along the first

leaves of light-grown Triticum aestivum L. seedlings.

Treatmentéz

(a)
(b)
(c)
()
(e)

0 - 1 cm zone
1 - 2 cm zone
2 - 3 cm zone
3 - 4 cm zone

4 - 5 cm zone

(base)
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Table 13

Estimated plastid number cm"3 of plastid fractions isolated from

1 cm zones of the first leaves of light-grown Triticum aestivum L.

seedlings.



Distance from base of leaf (cm)

0-1 1-2 2-3 3-4 4-5
Total chlorophyll

ug em™ 2.7 1.9  37.6  118.8  229.8

MMstimated chlorophyll

per plastid
g x 10715 5 40 80 220 500
Plastid number em™

x 10 10 5.3 3.7 4.7 5.4 4.6

% figures obtained from R M Leech and colleagues, University of York.
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Fig. 38

Phytochrome and chlorophyll contents of plastid fractions -
isolated from successive 1 cm zones of the first leaves of

light-grown Triticum aestivum.L. seedlings.,

[Phytochrome measurements were performed in the absence of
CaCOB; when GACO3 was added there was no increase in the

D(D A) signal obtained]
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Fig. 39

GA-like activity extractable from light-treated differentiating
plastid-enriched fractions isolated from the basal 1.5 cm of

light-grown Triticum aestivum L. seedlings.

Treatments:
(a) 10 min. in darkness
(b) 5 min red plus 5 min in darkness

(¢c) 5min red plus 5 min far-red
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(b) The localization of phytochrome in association with chloroplast

envelope membranes.

In the previous chapter phytochrome was measured in association with
differentiating plastid fractions isolated from light-grown wheat seed-
lings. It was therefore of interest to investigate whether phytochrome
was associated with fully differentiated chloroplasts. As the measure-
ment of phytochrome relies upon absorption changes in the 600-800 nm region
such measurement is clearlj impossible where significant amounts of
chlorophyll are present. An approach to this problem was made by isolat-
ing the envelope membranes of spinach chloroplasts, which, when pure, are
completely devoid of chlorophyll (Honda et al., 1966). Chloroplasts were
isolated from’spinach leaves as it is generally accepted that it is far
easier to isolate large quantities of chloroplasts from a dicotyledonous
species than from a monocotyledonous species; also, the techniques for
the isoclation of spinach chloroplasts are well documented in the litera-
ture. Although the chloroplast envelopes prepared during this work by the
method described by Mackender and Leech (1970) had not been further puri-
fied, nor characterized rigorously by biochemical markers, the data indi-
cate that they are substantially free of both mitochondrial and thylakoid
membrane contamination., Using the method described by Mackender and Leech
(;970) in which thylakoid protein contamination is determined from the
chlorophyll content, the contamination by thylakoid membranes was shown,
in all three samples, to be 6 per cent or less (Table 14, page 122). Also,
cytochrome ¢ oxidase, a mitochondrial membrane marker enzyme was present
at only very low activities in all samples especially in samples 2 and 3
in which the chloroplasts had been centrifuged through a cushion of
sucrose prior to lysis. Phytochrome was readily detectable in all three
samples (Table 15, page 123) the values observed being of a similar order

of magnitude to those obtained from etiolated subcellular fractions
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(Evans and-Smith, 1976b). These values may indeed be underestimates due
to interference from the small amownts of chlorophyll present (Jose et al.,
1977). Further evidence for the presence of phytochrome in the envelope
membrane preparations was obtained by the construction of a difference
spectrum (Fig. 40, page 124 ). Although a certain distortion of the spect-
rum is visible (which may be due to the freezing and thawing of the samples
during transport, and subsequént assay, of the samples from York via Sutton
Bonington to Reading), the difference spectrum is nevertheless character-
istically that of phytochrome with a Pﬁwmax at 675nm and a Pfrimax at 735nn.
The ratio of the AA at Pfrkmax.to thﬁt at'Pfrxmax is 0.98, qulte close to

that found with isolated pure phytochrome.

These data show, therefore, that phytochrome is associated with a membrane
fraction isolated from green plants by a method designed to isolate
chloroplast envelopes., The membrane fraction is inadequately characterized
for this to be more than a preliminary observation. Nevertheless, the
similarity of these data to those obtained with etiolated plants provides
a sound reason for accepting them as a reliable indication that phyto-
chrome is present in association with chloroplast envelope membranes., The
data do not preclule the presence of phytochrome in association with other
components of the chloroplast; however, large amounts of chlorophyll in
these fractions rendered the spectophotometric detection of phytochrome

impossible.,
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Table 14

The characterization of chloroplast envelope membrane-enriched
fractions isclated by the method described by Mackender and

Leech (1970).

Samples 2 and 3 were obtained from chloroplast preparation which

had been centrifuged through a sucrose cushion prior to lysis.
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Table 15

Protein and phytochrome [A( AA) 660 /730nm] contents of chloro-

Pplast envelope membrane preparations.
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Fig. 40

Difference spectrum of chloroplast envelope membrane phytochrome

constructed using samples 2 and 3 combined.

PI;max = 675nm
Pfr)m = 735
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(c) The effect of phytochrome photoequilibria on plastid-associated
GA-LS

In a preliminary experiment to determine the effects of phytochrome photo-
equilibria (Pfr/Ptot or §) on the levels of GA-LS extractable from chloro-
plast suspensions, barley seedlings were grown from sowing in specially
constructed cabinets in which various red:far-red ratios (g, or the ratio
of the photon fluence rates at 660:730 nm) were established from fluores-
cent or a combination of fluorescent and tungsten/tungsten halogen sources
(Heathcote, Bambridge and McLaren, 1979). As ¢ has been shown to be
related to phytochrome photoequilibrium § (Smith and Holmes, 1977)
estimates of # (fe) could be derived from the values of r established in

the cabinets.

Fig.41, page 128, shows the levels of biologically-active GA-LS extracé-
able from plastid fractions isolated from the first leaves of barley seed-
lings. GA-like activity was converted to ng GA3 equivalents despite the
earlier discussion of the validity of doing so because at tbat time there
appeared to be no other method of comparing the GA-like activity between
treatments when the efficiency of plastid isolation was not constant. In
retrospect, however, estimates of plastid number cm-3 could have been |
performed. When the total ng GA3 equivalents per treatment were estimated
and corrected for chlorophyll content (which was used as an estimate of
the efficiency of plastid extraction between treatments) it wés clear from
the data presented in Table 16 and Fig. 42, pages 130 and 131, that as ﬁe
decreased the total levels of GA-LS extractable into agueous methanol from
the plastid suspensions also decreased. As the majority of the GA-LS were
associated with the Rf zone 0.2-0.3 zone the chlorophyll-corrected ng GA3
equivalents of this zone only were also plotted against ¢e' Again, it is
evident that a decrease in phytochrome photoequilibria is correlated with

a decrease in GA-LS associated with this zone (Table 16, page 130).
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A decrease in phytochrome photoequilibria was also associated with a

decrease in the chlorophyll a/b ratio.

Simijar results, showing that a decrease in phytochrome photoequilibria

is correlated with a decrease in the chlorophyll a/b ratio of young mustard
seedlings have been shown by Whitelam (Pers. Comm.). This is of great
interest. Such a modification of the ratio would involve a decrease in
the amount of chlorophyll a or an increase in the amount of chlorophyll b.
The most likely explanation seems to be an increase in the amount of
chlorophyll b. The problem of the origin of chlorophyll b is still open.
Shylk (1971) concludes that 'on the strength of all the evidence a verdict
is now reached in favour of the sequential scheme of chlorophyll b from
chlorophyll a formation'. Virgin (1977) more explicitly holds the view
that chlorophyll b is formed only in connection with chlorophyll a forma-
tion. Oelze-Karow et al., (1978) suggest that chlorophyll a and chloro-
phyll b arise from a common precursor, chlorophyllide a, and that
chlorophyll b synthesis is controlled by phytochrome. The data presented
here support the latter hypothesis, namely that a decrease in the phyto-
chrome photoequilibria (when photosynthetically-active radiation is con-
stant) is correlated with an increase in the amount of chlorophyll b
present. Emerson et al., (1957) noted that in far-red light (at wave-
lengths longer than 680nm) there was a drop in the quantum efficiency of
photosynthesis which was counteracted by the addition of supplementary
monochromatic illumination at shorter wavelengths. In 1958, Emerson and
Chalmers suggested that the longer wavelengths of light are absorbed only
by chlorophyll a, the full efficiency of photosynthesis depending on a
second light reaction i.e. a simultaneous absorption of light of shorter
wavelengths by the accessory pigments, chlorophyll b and the carotenoids.
Tt would seem reasonable to propose that under conditions of added far-red

light (i.e. a decrease in the red:far-red ratio or phytochrome
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photoequilibria) the efficiency of photosynthesis is maintained by the
absorption of more and more light by the accessory pigments and to maintain
this requirement it is necessary to form more and more chlorophyll b which
is involved in the light absorption. It is generally accepted that
chlorophyll b and photosystem II activity are concentrated in the 'heavy'
fraction of chloroplasts composed mainly of granal stacks, and the mater-
ial of the 'light' fraction derived from the intergranal areas catalyse
exclusively the reactions related to photosystem I and is depleted in
chlorophyll b. As a decrease in the red:ifar-red ratlio is correlated with
an apparent increase in the amount of chlorophyll b present it seems
reasonable to suggest that there may be an effect of red:ifar-red ratio on
the granal stacks of the thylakold membrane system of chloroplasts. How-
ever, in the absence of electron micrescope data such a suggestion can be

regarded as no more than merely tentative.

It is of interest to note that the organization of the prolamellar bodies
of etioplasts in mustard seedlings decreases conspicuously after approx-
imately thirty-six hours in darkness but this can be prevented if the
seedlings are irradiated with far-red 1ight for thirty-six hours after sow-
ing. Following this treatment the etioplasts possess crystalline pro-
lamellar bodies which are much larger than the prolamellar bodies of the
etioplasts of the dark-grown seedlings (Kasemir et al., 1975). These
results show that there is a strong de novo synthesis of membraneous méter—
ial because the volume of the etioplast increases.considerably after far-red
light treatment. It seems reasonable, therefore, on the basis of published
data, to propose that de novo synthesis of thylakold membraneous material
may occur in the chloroplasts of seedlings which have developed in light
environments with added far-red light. Again, a detailed electron micro-
scope study of the ultrastructure of chloroplasts isolated from seedlings

developed under varying phytochrome photoequilibria should prove rewarding.
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Fig. 41

GA-like activity extractable from plastid-enriched fractions

 isolated from Hordeum vulgare L. seedlings grown under light

sources which established varying phytochrome photoequilibria

()F

Treatments:
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(b)
(c)
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Table 16 and Fig. 42

Chlorophyll a/b ratios and GA-LS levels (converted to ng GA3
equivalents) associated with chloroplast fractions isolated

from Hordeum vulgare L. éeedlings grown under light sources which

established varying phytochrome photoequilibria (ﬂ).
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Table 16




ng GA3 equivalents

¢e
0.26 0.42 0.56 0.69
Rf 0.0 - 0.1 0.76 0015 0.04 0012
0.1 - 0.2 2.60 0.64 0.38 0.12
003 - 004 0057 0.66 1.47 1.00
004 - 005 0048 0079 0.62 0023
0.5 - 0.6 0.58 0.80 0.56 0.86
0.6 = 0.7 0.56 0.40 0.50 2.37
007 - 008 0040 0.35 0055 0'36
0.8 - 0.9 0.46 0.53 0.44 0.33
009 - 1.0 0'50 0046 0011 0064
Total 17.81 23.78 15.47 = 27.53
Total Sglorophyll
Mg cm 0.78 0.47 0.15 0.15
Total 22.83 50.60 103.15 183.53
ng GA equivalg?ts
ag chforophyll
Rf 0.2-0.3 ,
only 13.85 40.43 72.00 143.33

chlorophyll a/b ratio 1.88 1.92 2.18 2.79




-131 -

Pig. 42




3

NAydosojyd B ainba Eyg bu
4" _

o o
8 8 <

04 06 08
Pe

0-2

] i

1
o
~N

1ob

1
N (o] l.ﬂ
N

“one q/e ikydosoiya ---



- 132 -

(a) The uptake and metabolism of DH ] gibberellin Ay in detached
Hordeum vulgare L. shoots and the effects of light treatment on chloroplast-

enriched suspensions subsequently isolated. (For description of method see
Fig. 26, page 83)

Data presented in previous sections indicate that phytochrome is associated
with plastid fractions isolated from light-grown plants and that it med-

iates the levels of GA-LS extractable from them.

In a further attempt to study the rdle of phytochrome in the control of
plastid GA levels a series of experiments with [?H:]gibberellin A9 were
performed., It was proposed that the monitoring of radiocactivity would enable
any light-mediated effects to be expressed on a more quantitative basis than
from the use of bioassay data alone. As stated previously when referring to
similar experiments with etioplé.st-enriched suspensions (page79 ) GA9 is a
non-hydroxylated gibberellin and as biosynthesis is believed to proceed in

order of increasing hydroylation it was thought that GA, could serve as an

9
efficient precursor to other GA's thereby giving a wider spectrum of radio-

actively-labelled compounds within the tissue. For reasons similar to those

discussed on page 79 a buffered solution of [3H:|GA was fed to whole shoots

9
of light-grown Hordeum vulgare L. seedlings and not to isolated chloroplast

suspensions as it was of interest to see if radioactivity could be taken

into the shoots and ultimately into the plastids in vivo.

As there were reports from previous work with etioplasts to suggest that
phytochrome mediated a change in the permeability of the envelope membrane
with respect to GA-LS it was of interest to investigate any phytochrome-

mediated effects on chloroplast membranes.

Fig. 43, page 136, shows the effect of age of plant material on the uptake
of radiocactivity, over a 24h incubation period, into detached whole shoots

and also into a total plastid fraction subsequently isolated from the
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shoots. As the maximum amount of radioactivity was present in both the
total shoot and the total plastid fraction isclated from the-shoots of
plants five days old from sowing, plant material.pf this age was used
routinely in.all subsequent experiments. Fig. 44, page 137, shows the
distribution of radiocactivity (following extraction and TLC) extractable
from a total leaf homogenate and a total plastid fraction. If this figure
is compared with Fig. 29, page 86, the distribution of radiocactivity

associated the standard EBH] gibberellin A, following TLC it is clear that

9
the distribution has changed markedly in both fractions indicating that

metabolism of the [3H] gibberellin A, has occurred. Fig. 45, page 138,

9
shows the distribution of radiocactivity recovered from 1 cm zones isolated

along the entire length of the Hordeun vulgare L. shoots. Highest amounts

of radiocactivity were recovered from the base of the shoots (i.e. the zones
nearest the point of immersion of the shoot in the buffered [BHJ gibberellin
A9), nevertheless, there were considerable amounts of radiocactivity
recoverable from all the other zones isolated. Although plastid suspensions
were not isolated from all zones those isolated from segments 3 cm in length,
1 cm from the apex had radioactivity associated with them., Indeed, when
these chloroplast suspensions were layered onto a sucrose density gradient
and centrifuged, between 15 and 48% of the total radiocactivity recovered
passed into the gradient suggesting, therefore, that a consistent amount of
radiocactivity was associated with the organelle fractions themselves despite
a large proportion remaining on top‘of the gradient and being‘truly soluble
(Fig. 46, page 139). When similar chloroplast suspensions were fiaction-
ated as described by Mackender and Leech, (1970) only 4% of the radio-
activity was associated with the envelope membrane-enriched fraction, 11%
was associated with the prolamellar body-enriched fraction and 85% was

associated with the soluble components of the stroma fraction (Table 17,

page 140).
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Table 18, page 141, shows the results of experiments in which radiocactively-
labelled chloroplast suspensions were subjected to light treatments in
vitro. Immediately following light treatment the chloroplast suspensions
were layered onto a sucrose density gradient and, following centrifugation,
the distribution of radiocactivity between the organelle and soluble
fractions was estimated. The results show that a2 5 min irradiation with
red light has no detectable effect on the distribution of radiocactivity
between the two fractions when compared with similar fractions maintained
in darkness throughout the treatment. Similarly, there was no detectable
difference in the distribution of radioactivity between the organelle and
soluble fractions when chloroplast suspensions were maintained in darkness
for varying periods of time following a 5 min Iirradiation with red light
when compared to those maintained in darkness throughout the treatment

period.

When radioactively-labelled compounds were extracted into agueous methanol
from light-treated chloroplast suspensions and subjected to TLC there was
no detectable difference between the distribution of radiocactivity extract-
able from the dark and the red treated samples (Fig. 47, page 142). How-
ever, when radioactively-labelled substances were extracted from chloroplast
suspensions irradiated with 10 min far-red light followed by a period of

5 min in darkness, there was a redistribution of radioactivity when com-
pared with the distribution obtained from those samples retained in dark-
ness for the whole treatment period (Fig. 48, page 143). Following a 10
min irradiation with far-red light approximately 6% more of the total dpm
recovered was present associated within the Rf zone 0-0.1 than was
associated with the corresponding zone of dark maintained samples; also
the GA-LS present in association with Rf zones 0.5-0.9 were consistently
lower than those associated with sampleé maintained in darkness:. These

results suggest, therefore, that a 10 min irradiation with far-red light
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has an effect either on the metabolism, or on the extractability of

radiocactively-labelled compounds.

In a preliminary follow-up investigation chloroplast suspensions were

isolated from Hordeum vulgare L. leaves and subjected to a 10 min

irradiation with far-red 1light followed by 5 min in darkness. The GA-LS
were extracted into aqueous methanol immediately following irradiations.
Control suspensions were maintained in darkness for the entire treatment

period.

The results shown in Fig. 49, page 144, show. that an irradiation with
far-red light mediates a marked diminution in the levels of GA-LS that
can be extracted from chloroplast suspensions into methanol when compared

to those extractable from suspensions maintained in darkness.
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Fig. 43

The effect of age of plant material on the uptake of radio-

_activity into Hordeum vulgare L. shoots during a 24h incubation

in buffered [PH] gibberellin A_ at 24°C in constant 1ight.

9

uptake into whole shoots

--- uptake into a plastid-enriched fraction isclated
from a total shoot homogenate.

The age of the plant material at the termination of the

experiment was age from sowing plus 2b4h.
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Fig. 44

The distribution of radioactivity in a total leaf homogenate
( — ) and a plastid-enriched extract ( --- ) following extrac-

tion into agqueous methanol and TLC.
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Fig. 45

The uptake of radioactivity into 1 cm zones isolated from shoots

of Hordeum vulgare L. following a 24h incubation in a buffered

solution containing LBHJ gibberellin A9.



dpm x 10%

140

120

100

60

40

20

° Bottom 1.0 20 30 4.0

L ————

I |

Distance along shoot (cm)

5.0

Top



- 139 -
Fig. 46

(a) Description of the sucrose density gradient and the limits

of samples fractionated following centrifugation.

(b) The percentage distribution of radiocactivity between
the soluble and organelle fractions following centrifuga-
tion of radloactively-labelled chloroplast-enriched

suspensions.



(a)

soluble
fraction

~25%-|- - == == =——-

organelle
fraction
55%

N

(b) %-Total dpm recovered
Soluble fraction Organelle fraction Total dpm recovered
ts s
19 3 21 ,3 10:9
as 1 12 2 1655
76 15 ‘ 24 5 606
79 6 21 3 1014
52 5 48 5 1396
81 6 19 2 174
73 15 44 5 569
T8 14 22 5 1072
57 1 43 9 715
78 16 22 4 583
84 1 16 3 1884
85 15 15 3 686
83 6 17 2 1208
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Table 17

The percentage distribution of radioactivity in chloroplast-
enriched suspensions following fractionation by the method

described by Mackender and Leech, (1970).
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Table 18

The percentage distribution of radioactivity between the
soluble and the organelle fractions of a discontinuous sucrose

density gradient following light treatments at 24°C and

centrifugation of radliocactively-labelled chloroplast-enriched

suspensions.

The organelle suspensions were divided into two equal aliquots
prior to 1light treatment. The results presented are therefore

directly comparable.



437} [ 8l 9 _ 4] HOp URW G + PII-IVJ UW O}

6seL 4 L 9 €8 3ep utw G|
vLL 14 6L 14} ie : }UP UFE O + PAX UTH §
989 13 S SL S8 3P um Gy
Lle € 131 L L9 XVp UTE § + POX UTW G
868 ¥y 8t L 9 MWD UR O}
eoZt ¢ L St te- Pax uw G
clot S 62 14} el }IVp uym G
adp W10} I ; uojIowW eYqniog 18 3 uofoway erreundxg uswywexy

PoIoAcods wdp Twiol §




- 142 -

Fig. 47

The effects of light treatment on the distribution of radio-
cactivity associ;ted with chloroplast-enriched suspensions

following extraction into agueous methanol and TLC.

Treatments;¥
E::::] 10 min, in darkness (756)

%8888 5min red + 5 min in darkness (764)

SN\  5mn red+ 5min far-red (750)

The total dpm recovered per treatment are shown in brackets.

Rf values of authentic GA's:-

GA3 0.23
GAL,’/,? 0.65
GA9 0.92

The organelle suspensions were divided into three equal aliquots
prior to light treatment. The results presented are therefore

directly comparable,



01-60

60-8 0

/777777 A4 80-AO

1177777777777y

0-90

/7177777777

"1/ 7 A
0-E 0

20-10

10-Q

X
O CO CM CcO
M ™M

pajdACDaj uudp lolo! .



- 143 -

Fig. 48

The effects of light treatment on the distribution of radio-
activity associated with chloroplast-enriched suspensions

following extraction into aqueous methanol and TLG.

Treatments: -

"] 15 min in darkness (756)

10 min far-red plus 5 min in darkness (811)

The total dpm recovered per treatment are shown in brackets,

Rf values of authentic GA'si-

GA* 0.23
0.65
GAg  0.92

The organelle suspensions were divided into two equal aliquots
prior to light treatment. The results presented are therefore

directly comparable.
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Fig. 49

GA-like activity extractable from light-treated chloroplast-

enriched suspensions.

Treatments: -
(2) 15 min ‘in darkness

(v) 10 min far-red plus 5 min in darkness.
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(e) Summary
Results presented in this chapter suggest that phytochrome is assocliated

with an envelope membrane-enriched fraction when chloroplasts are sub-
fractionated. These results do not preclude the presence of phytochrome

in association with the other components Sf the chloroplast, but the presence
of large amounts of chlorophyll in these fractions prevented the spectro-

photometric detection of phytochrome.

When developing plastid fractions, isolated from light-grown seedlings, were
irradiated with red l1ight for 5 min there was a marked increase in the
levels of GA-LS extractable into agqueous methanol. Conversely, when-a far-
red irradiation immediately followed the red irradiation the levels of
GA-LS extractable were closely similar to those extractable from similar

fractions maintained in darkness.

When chloroplast-enriched suspensions were isolated from seedlings grown
under light environments maintaining varying phytochrome photoequilibria
there was a correlation between the levels of GA-LS extractable into

aqueous methanol and the amount of far-red 1light added to the light environ-
ment during growth of the seedlings. There was also a correlation between
the chlorophyll a/b ratio of the chloroplasts and the phytochrome photo-
equilibria; +the lower the phytochrome photoequilibria the lower the

chlorophyll a/b ratio.

Chloroplasts isolated from shoots incubated in the light in a buffered
solution containing [3H] gibberellin A9 were able to take up radiocactivity
and metabolize it over a 24h incubation period. The majority of the
radiocactivity was associated with the soluble components of the stroma
when the chloroplasts were sub-fractionated. There was, however, no

significant effect of red light treatment on the distribution or radio-

actively-labelled compounds between the soluble and the organelle fractions
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when the blastids were further fractionated. Also, there was no effect of
this light treatment on the distribution»of radiocactivity following
extraction and TLC of the radiocactively-labelled organelle suspensions.
However, when chloroplast suspensions were isolated and irradiated with
far-red 1ight there was a small re-distribution of the radioéctively-
labelled compounds extractable from far-red 1light treated suspensions when
compared to the distribution of radiocactivity associated with plastids

maintained in darkness,

In preliminary experiments to determine the effect of far-red 1light on the
extractability of GA-LS from chloroplasts in vitro, chloroplast-enriched
suspensions were irradiated with far-red light for 10 min and returned to
darkness for 5 min, The levels of GA-LS extractable from far-red light
treated suspensions were markedly lower than those extractable from those

maintained in darkness throughout the treatment period.



Chapter 5

General Discussion
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As discussed in the General Introduction there is strong evidence in the
literature to suggest that there are two types of phytochrome in dark-
grown Eells; one that is associated in very small quantities with
particulate material and another, (the bulk of the detectable phytochrome),
that is freely soluble, There is also evidence to suggest that the latter
type can become associated (and therefore becomes pelletable) with pellet-

able material upon photoconversion of Pr to Pfr.

In this, and in other work, phytochrome has been shown to be associated
with etioplasts. Although etioplast-enriched fractions contain a high
proportion of phytochrome that is non-organelle associated or is soluble,
results from sucrose density gradient experiments réported in this thesis
suggest that a small proportion of the phytochrome is truly organelle
assoclated, The nature of this association of phytochrome with etioplasts
has yet to be determined. The amounts of phytochrome involved are quite
low and close to the limits of detection with the instruments available.
Evans and Smith (1976b) reported that etioplast phytochrome was associated
exclusively with an envelope membrane-enriched fraction when G-50 etioplast
fractions were further fractionated. However, the etlioplast preparations
they qsed were obtained by the G-50 method and, as discussed previously,
were undoubtedly contaminated by mitochondria. The validity of these
results are therefore questionable, From the results presented in this
thesis there is strong evidence to suggest that phytochrome 1s present in
associgtion with an envelope membrane-enriched preparation isolated from
chloroplasts of light-grown spinach plants. As previously discussed these
results do not preclude the presence of phytochrome in association with
other components of the chloroplast but the presence of large quantities
of chlorophyll rendered the spectrophotometric detection of phytochrome
impossible in these fractions. The possibility still exists that the

small amounts of phytochrome detectable in association with organelle/
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menbrane fractions could be an artefact of the extraction technique.
Soluble phytochrome could be induced to associate with membraneous mater-
jal upon homogenization and/or centrifugation. However, the results
obtained  with immunocytochemical technigques also suggest that phytochrome
is associated with membraneous/organelle material and that soluble phytochrome,
present over wide areas In the cell, becomes associated into discrete areas
following irradiation of dark-maintained tissue with red light. The
results of experiments performed jointly with A. Evans show that a
preparation of 'soluble' phytochrome can be induced to associate with an
organelle-enriched G-50 suspension. 'Soluble' phytochrome can associate
with the organelles in an approximately 1311 relationship provided that
both the organelle-associated phytochrome and the 'soluble’ phytochrome
arg present as Pfr. If either of the two types of phytochrome is present
as Pr no increased association of the 'soluble' phytochrome with the organ-
elles can be detected. In future experiments the use of highly purified
phytochrome may enable the nature of this light-mediated association to

be determined. There have been lengthy discusslons into the physiological
significance of light-mediated associations of phytochrome with organelles
and membranes. Although there are inumerable reports of red light-induced
assoclations with membrane fractions there are, at present, no reports of
the occurrence of a physiological response as a result of such an assoc-

iation.

There 1s now a considerable amount of evidence shbwing that phytochrome
mediates the levels of GA-LS in etioplast-enriched fractions in vitro.

As quite large quantities of soluble phytochrome are present in association
with G-50 etioplast suspensions it is possible that irradiation with red
light causes a proportion of the phytochrome to associate with the etio-
plasts which could subsequently mediate the increase in GA-LS levels.

However, throughout the course of this work no increased association of



- 149 -
phytochrome with the organelles has been detected following irradiation
with red 1light. Furthermore, etioplast-enriched suspensions isolated from
sucrose density gradients, devoid of soluble phytochrome, also exhibit a
phytochrome mediation of the levels of GA-LS. It seems reasonable to
propose; therefore, that it 1s the phytochrome that is inherently assoc-
iated with the etioplasts that is responsible for the observed response,
When G-50 suspensions were incubated with a preparation of 'soluble' phyto-
chrome under conditions known previously to induce an increased association
of phytochrome with the organelles there was no detectable enhancement of
the GA-LS levels subsequently extractable. Indeed, the levels were mark-
edly reduced compared to those extractable from preparations incubated with
buffer only. As discussed previously thls effect may have been due to other
factors and may not have been a true reflection of the effect of the in-
creased assoclation of phytochrome with the organelles. Again, the use of
highly purified phytochrome in future experiments may be invaluable in
determining a physiological significance of the increased association of

phytochrome with the organelles.

Previously, it had been generally accepted that photoconversion of etioplast-
associated phytochrome to Pfr mediated a change in the permeability of the
' etioplast envelope membrane with respect to GA-LS thereby allowing an
efflux of GA-LS out of the etioplasts into the surrounding medium, How-
ever, the results presented in this thesis suggest that a large proportion
of the red-light-mediated increase in GA-LS is retained within the plastids
themselves, Throughout this work the GA-LS extracted were acidic ethyl-
acetate-soluble i.e. the so-called 'free' or non-glucosylated GA's.

These molecules have a low degree of hydroxylation and therefore have a
high affinity for membranes, It is reasonable to assume therefore, that
the GA-LS extracted and assayed throughout this work were associated with
membranes. The nature of the association of GA-LS with membranes, and

with which particular membranes remains undetermined., The GA-LS could be
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associated with the membr;nes of the prolamellar body complex or may be
associated with the envelope membranes. Wherever the GA-LS are localized,
and indeed, wherever the phytochrome is localized it is hypothesized from
the results presented here that when the phytochrome is photoconverted in
vitro to the Pfr form the GA-LS are subsequently more readily extractable
into agueous methanol. Conversely, when phytochrome is present as Pr
(i.e. in the dark or following a R/FR irradiation sequence in vitro) the
GA-LS are less readily extractable into aqueous methanol. This hypothesis
is strengthened by the fact that there were increases over a wide spectrum of
GA-LS following red light treatment; furthermore, there did not appear
to be increases in particular GA-LS in any of the experiments reported
here. However, it is clear that the use of bioassay technigques for the
detection of GA-LS is far from ideal and is severely limited, despite
giving information on biological activity of the GA-LS concerned. It will
be essential in future experiments, therefore, to employ physical meth-
ods to determine more exactly the nature of the GA-LS involved in the

response,

Although the results of experiments designed to study the effect of
phytochrome photoequilibria on chloroplast-associated GA-LS are only

very preliminary they provide evidence to suggest that light, operating
via the phytochrome system, also has an effect on the extractability of
GA-LS from chloroplasfs. When chloroplast-enriched fractions were isolated
from plants grown in light environments supplemented with varying amounts
of far-red light the GA-LS subsequently extractable into agqueous methanol
were correlated with the amount of supplementary far-red light. The
higher the amount of added far-red light the lower the levels of GA-LS
subsequently extractable. There was also an effect of phytochrome photo-
equilibria on the chlorophyll a/b ratios of the chloroplasts; chloroplasts

isolated from plants grown under high supplementary far-red light had a
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lower chiorothll a/b ratio than those grown under low supplementary far-
red light. On the basis of published data this lowering of the chloro-
phyll a/b ratio may be due to an increase in the amount of chlorophyll b.
It is interesting to speculate on the results that may be obtained from
an electron microscope study of these chloroplasts. From published data
it is possible that there may be a difference in the organization of the
thylakoid membrane system such that the granal stacks may be smaller in
the chloroplasts of plants maintained under high levels of supplementary
far-red light., This may be an advantage in terms of maintaining photo-

synthetic efficiency under conditions of high far-red illumination.

Further evidence in support of the rdle of phytochrome in the extract-
ability of GA-LS comes from the results of experiments in which chloro-
plasts were irradiated with far-red light in vitro; lower levels of GA-
LS were extractable from chloroplasts irradiated with far-red 1ight than
from those maintained in darkness. It appears, therefore, that an
irradiation with far-red light renders the GA-LS in chloroplasts less

readily extractable into aqueocus methanol.

In conclusion, the results presented in this thesis strongly suggest that
phytochrome is present in close association with both etioplasts and
chloroplasts and that it mediates the levels of GA-LS extractable from
from them into agqueous methanol. The nature of this response is not fully
understood but may involve phytochrome-mediated conformational changes of

the plastid membranes.
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Abstract. Red light treatment in vitro increases the
pelletability of phytochrome in homogenates of etio-
lated barley (Hordeum vulgare L. cv. ‘Julia’) leaves.
When mixtures of soluble phytochrome (100,000 x g
supernatant) and partially-purified organelles (Se-
phadex G-50 eluate) are irradiated the amount of
pelletable phytochrome increases by a factor of two.
Pre-irradiation .treatments show that phytochrome in
both components of the mixture must be in the Pfr
form for increased pelletability to be observed. Once
associated, photoreversion of Pfr to Pr does not result
in decreased pelletability. The results are consistent
with a non-artifactual in vitro association of soluble
phytochrome to organelle membranes. One possible
explanation is that Pfr molecules associate to form
dimers.

Key words: Hordeum — Membranes — Organelles
— Phytochrome.

Introduction

Currently, the most popular hypothesis for the
mechanism of action of phytochrome is that originally
proposed by Hendricks and Borthwick (1967) in
which phytochrome is considered to modulate directly
the properties of some, or all, cellular membranes.
This hypothesis has stimulated an extensive search
for meaningful associations between phytochrome
and plant membranes. From this search, two general
categories of phytochrome-membrane associations
may be defined: (a) a small proportion of the total
cell phytochrome of etiolated plants is found inher-
ently associated with particulate material; and (b)
a larger proportion may be induced to associate with
particulate material upon photoconversion of Pr to
Pfr with red light.

In the former case, the amounts of phytochrome
inherently associated with membranous material is
often very small and near the limits of detection using
optical methods, (Rubinstein et al., 1969), and yet
in certain cases, it mediates a defined R/FR photore-
versible response in vitro. For example, Manabe and
Furuya (1974) observed R/FR modulation of
NADP™* reduction by isolated pea mitochondria
which contained only about 3 per cent of the total
homogenate phytochrome (Furuya and Manabe,
1976). Cooke and Saunders (1975) and Evans and
Smith (1976) reported R/FR control of gibberellin
levels in organelles prepared by Sephadex G-50 frac-
tionation of crude wheat and barley leaf homogenates
respectively. Evans (unpublished) has shown that only
about 2 per cent of the total homogenate phyto-
chrome is recovered in the G-50 eluate, although it
should be remembered that the recovery of the or-
ganelles present in the G-50 eluate is also very low.
Thus, in these instances, a small fraction of the total
cell phytochrome is associated with a reasonably well-
defined particle fraction in which it mediates a specific
response. .

As yet, there is no evidence that the red-light
induced association of phytochrome with particles is
related to phytochromeaction ; however since relatively
large amounts (up to 80%) of the total homogenate
phytochrome may beinvolved the phenomenon is much
simpler to investigate and consequently a large body
of information has been gathered. Pratt (1977) has
comprehensively reviewed the literature on R-me-
diated phytochrome-membrane associations and de-
scribes two main categories: (a) a definite in vitro
association; and (b) a possible in vivo association.
The in vitro association can be observed in homoge-
nates, is sensitive to high pH and high ionic strength,
is insensitive to divalent cation concentration, (al-
though cations at ca. 10 mM are required to pellet
the phytochrome-associated particles), has only been
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found in a few species (Cucurbita, Zea, Sinapis, and
Pisum) and probably represents a physiologically non-
relevant adsorption of Pfr to partially degraded ribo-
nucleoprotein material (Quail, 1975; Quail and Gres-
sel, 1976). The so-called in vivo association either
occurs upon R-irradiation in vivo, or immediately
upon homogenization of R-irradiated tissues, requires
around 10 mM Mg?* or Ca2* (presumably for aggre-
gation of membranous material), is relatively insensi-
tive to pH and ionic strength, and has been found
in all eleven species so far surveyed (Pratt and Marmé,
1976). Pratt (1977) and Marmé (1977), in reviews,
conclude that the “in vivo’ associations may be re-
lated to the primary mechanism of phytochrome ac-
tion, but that definitive evidence on this point does
not yet exist.

An interpretation which has become popular
amongst many authors in this field is that a specific,
membrane-associated, receptor for Pfr exists (e.g.
Schifer, 1975, Steinitz et al., 1976). As Pratt (1977)
points out however, three important criteria need to
be fulfilled before such an interpretation can be allow-
ed: (a) the interaction must be specific for phyto-
chrome, as opposed to other proteins; (b) the binding
affinity must be high and consistent with the known
biological activity of phytochrome; and (c) the inter-
action of Pfr with the putative receptor must be re-
lated to the expression of its biological activity. It
is difficult to see how these criteria can be experimen-
tally satisfied in an association which probably takes
place only in vivo; what is needed is an in vitro
association, free of the artifactual problems outlined
by Quail and Gressel (1976), and which may be inves-
tigated by the classical techniques of ligand-receptor
theory. In this paper, we report a step towards
such an in vitro phytochrome-membrane association
in an experimental system in which R/FR reversibility
in vitro has already been shown to exist. In addition,
the phenomena described here bring together inher-
ently membrane-associated phytochrome with a R-me-
diated association of phytochrome and membranes.

Materialsranél Methods

Preparation of Plant Material

Seedlings of Hordeum vulgare L. cultivar Julia (Stevens, Shardlow,
Derbyshire, England) were grown on moist cotton wool at 24° C
for 6 days in total darkness. Harvesting, and all subsequent proce-
dures, were carried out under a dim green safe light. Segments
of the first leaf were cut 3 cm long, 1 cm from the apex and imme-
diately chilled on ice. All further procedures were carried out at
2-4° C except where stated.
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Cell Fractionation

Partially-purified etioplasts were isolated by a modification of the
method of Wellburn and Wellburn (1971). The laminae were finely
chopped with a razor blade and gently homogenized in 25 mM
N-morpholino-3-propanesulfonic acid (MOPS) containing 3 mM
EDTA (disodium salt), 14 mM 2-mercaptoethanol and 250 mM
sucrose, adjusted to a final pH of 7.5. A tissue to buffer ratio
of 1.2 was used. The homogenate was gently exuded through 12
layers of cheese cloth. The resulting filtrate had a pH of 7.1 which
was maintained throughout the isolation procedure. The filtrate
was centrifuged at 6000 x g for 1 min in a Sorvall model RCB-2
Superspeed centrifuge, and the pellet was washed and recentrifuged.
The final crude plastid pellet derived from 80 g fresh weight of
leaf tissue was resuspended in 4 ml of buffer and loaded onto
a loosely-packed Sephadex G-50 (coarse) gel filtration column,
50 cm long and 1.1 cm diameter. Fractions, 0.5 cm? in volume,
were eluted from the column, and one-drop fractions were taken
at intervals for routine measurement on a Unicam SP 1800 ultravio-
let spectrophotometer. Fractions composed largely of intact etio-
plasts (see Evans and Smith, 1976) were pooled and used in the
subsequent experiments. Although this procedure does not yield
wholly pure etioplasts (Quail, 1977), in our hands the main contam-
inants are mitochondria which are present in smaller numbers
than etioplasts; since etioplasts have an average volume approxi-
mately 100-200 times that of mitochondria, the greater part of
the G-50 eluate is composed of etioplasts. Virtually no other mem-
branous material is found in this fraction.

Preparation of Soluble Phytochrome

The first 6000 x g supernatant from the above procedure was cen-
trifuged at 34,000 rpm (100,000 x g) in the Type 75 Ti rotor of
a Beckman L5-65 ultracentrifuge for 60 min, and the supernatant
used as ““soluble phytochrome ™.

Treatments

Preparations were brought to 24° C and, if appropriate, mixed
by pipetting particulate suspensions via a wide bore pipette into
soluble phytochrome solutions. Usually, 5 cm?® of particulate sus-
pensions and 10 cm?® of soluble phytochrome were used. Premixed
samples were irradiated for the stated time periods and immediately
centrifuged at 6000 x g for 1 min. When samples were irradiated
separately prior to mixing, the mixture was allowed to incubate
for 5 min before centrifugation. Pellets were resuspended in 2.5 cm?
25 mM MOPS buffer, 14 mM mercaptoethanol, pH 7.5, for phy-
tochrome and protein assays. Where possible 3-5 replicates of
each treatment were performed, although in some cases this was
not possible within experiments. Repeated experiments gave quali-
tatively similar results.

Light Sources

The red light source consisted of four 15W ‘warm white’ fluores-
cent tubes filtered through 1 layer of no. I Yellow Cinemoid and
1 layer of no. 14 Ruby Cinemoid (Rank Strand Electric, Kingsway,
London, England). The resulting photon fluence rate was 2.3 umol
m~2s~! at the sample surface. The source of far-red light consisted
of four 250 W single coil tungsten bulbs filtered through 10cm of
running water, one layer of no. SA Deep Orange and one layer
of no. 20 Deep Blue Primary Cinemoid. The photon fluence rate
at the sample surface was 4.6 pmol m~2s~ 1.
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Phytochrome Assay

Total phytochrome was measured at 25° C using a Perkin Elmer
156 Dual Wavelength Spectrophotometer. Calcium carbonate was
used to increase effective path length using a plastic cuvette.
Particulate preparations were serially diluted such that recorded
J(dA) values were proportional to concentration. Actinic and
measuring beams were set at 660 nm and 730 nm. All samples
were pre-irradiated with sufficient red light to effect maximum
conversion of protochlorophyllide to chlorophyllide prior to mea-
surement. Actinic irradiations were of 60 s duration. The absolute
values of d(dA) were low in these experiments, but the relatively
low standard errors illustrate the reliability of the measurements.
Specific activities [i.e. d(dA) mg protein'‘] differed by a factor
ofca. 2 between samples prepared on different days. This variation
is not great for this type of work, but it clearly makes quantitative
comparisons between experiments impossible, although such com-
parisons within experiments are valid.

Protein Assays

All samples were precipitated in 10% TCA at 0° C for 30 min,
washed, dissolved in NaOH and protein determined by the Lowry
et al. (1951) method using bovine serum albumen as a standard.

Results

Red-Light Mediated Phytochrome Pelletability
in Crude Homogenates

In preliminary experiments, the effects of irradiation
of homogenates in vitro on the amounts of phyto-
chrome found associated with a subsequent 6000 x g
pellet were investigated. Table 1 shows that 5 min
R irradiation increased by between 60 and 100% the
specific activity of the material which pelleted at
6000 xg. FR given subsequent to the R did not result
in any diminution of the R-induced phytochrome pel-
letability. Purification of pellets from R and dark-
treated homogenates gave an approximate 5 fold en-
richment of phytochrome and showed that the pellet-
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Fig. 1. Time-course of the loss of spectral photo-reversibility in
freshly-prepared homogenates of etiolated barley leaves. Open sym-
bols, aliquot given 5 min R and returned to darkness; closed sym-
bols, aliquot maintained throughout in darkness

able phytochrome was associated with the organelles
fractionated by this procedure, i.e. etioplasts and mi-
tochondria.

The association of phytochrome with the pellet-
able material is quite stable, both in the Pr and Pfr
form. Figure 1 shows the time course of the loss
of spectral photoreversibility in a dark-incubated ho-
mogenate, and in a similar homogenate treated with
R light and returned to darkness. Loss of total phy-
tochrome follows a similar course in both samples.

Association oj Soluble Phytochrome
with Pelletable Material

If the R-mediated increase in pelletability found in
crude homogenates represents an association of solu-
ble phytochrome with particulate material, then a
similar phenomenon should occur if soluble phyto-
chrome, completely devoid of pelletable material, is

Table 1. Light-induced phytochrome pelletability in filtered homogenates of etiolated barley leaves.
Homogenates prepared as in Materials and Methods were filtered through Miracloth and aliquots
treated as described. Immediately after treatment the preparations were centrifuged at 6000 x g
for 1 min, the pellets resuspended and total phytochrome and protein contents assayed (6 KP).
The samples and the resuspended pellets were purified through the G-50 column before phytochrome

and protein assays (G-50). Data presented are means + S.E.

Fraction Treatment Mean Mean Mean
X 10"* J(dA) protein (mg) m  X10"" A(AA) mg
protein' ¢
6 KP Dark 19+1.22 3.18+0.19 5.97£0.67
6 KP 5 min R 30+2.65 3.14+0.15 9.55+0.52
6 KP 5 min R -t-5 min PR 37 £2.89 3.24 +£0.07 114 +£0.66
G-50 Dark 34 0.98 34.7

G-50 5 min R 48 0.92 52.2



74

H. Smith et al. ; In Vitro Association of Phytochrome with Organelles

Table 2. Light-induced association of soluble phytochrome with partially-purified organelle fraction.
Aliquots (5 cm”) of organelle fractions purified via the G-50 column were mixed with 10 cm”
soluble phytochrome (100,000 xg supernatant) (100 KS), raised to 24° C and subjected to the stated
light treatments. Immediately after the treatment the samples were centrifuged at 6,000 x g and
the resuspended pellets assayed for phytochrome and protein. The aliquots of soluble phytochrome
contained an average of 2.02 mg protein and gave 0.0113 d(4A4), yielding specific activity of

5.59 X10“~d(TA) mg protein” *

Fraction Treatment X10”* afad) mg protein X10”* d(ad) mg
protein” *

G-50 alone Dark 14.0 0.92 15.2

G-50-H00 KS Dark 7.0+ 14 1.08+0.17 16.6+2.1

G-50-hlIOOKS 5 min R 28.3+2.2 0.85+0.10 34.1+£3.2

G-50+ 100 KS 5 min R+ 5 min PR 27.0+ 12 0.64-1-0.05 42.7-hi.5

mixed with purified organelles. This was tested by
incubating an aliquot of partially-purified organelles
(mainly etioplasts) from the G-50 column with an
aliquot of a 100,000 x g¢ supernatant, which contains
substantial amounts of phytochrome but no pelletable
material. Table 2 shows that simple mixing of such
aliquots in the absence of light treatment does not
yield enhanced pelletability. On the other hand, if
such mixtures are given R irradiation, the amount
of phytochrome found in the subsequent pellet is
more than doubled; FR given after R does not dimin-
ish the increased pelletability of phytochrome. In
a number of control experiments, R-irradiation was
found to have no detectable effect on the amounts
of pelletable phytochrome in aliquots from the G-50
column; similarly, aliquots of soluble phytochrome
did not contain any phytochrome pelletable at
6000 xg when R-irradiated or incubated in darkness.

Effect of Pre-Irradiation
on Phytochrome Pelletability

It seems clear from the above that R-irradiation in-
duces soluble phytochrome to associate with the par-
tially-purified organelles, and that photoconversion
of associated-phytochrome from Pfr to Pr does not
lead to loss of pelletability. Indeed, even when sam-
ples are maintained in the Pr state after a R/FR irradi-
ation sequence for several hours, no detectable loss
of pelletability was observed (Fig. 2). It was impor-
tant, therefore, to test whether the association of solu-
ble phytochrome with the pelletable material was de-
pendent on the presence of Pfr in either or both of
the components. Table 3 shows data from experi-
ments in which aliquots of soluble phytochrome and
partially-purified organelles were treated separately
with either R, R followed by FR, or left in darkness,
and then mixed and incubated before pelleting. These

40

25

20

h after irradiation

Fig. 2. Stability of organelle-associated phytochrome in vitro. Or-
ganelle samples prepared by the G-50 column technique were either
incubated in darkness (a ), given 5 min R and returned to darkness
(o), or given 5min R followed by 5 min FR and returned to
darkness (*)

results show that the increase in pelletable phyto-
chrome only occurs if both components are R-irra-
diated.

Table 4 shows data from separate experiments
in which the partially-purified organelles and the solu-
ble phytochrome were subjected to R or R/FR treat-
ment separately prior to mixing and centrifugation.
It is clear from these results that the requirement
for R-irradiation represents, in fact, a requirement
for the presence of Pfr. Thus, the increase in pelletable
phytochrome only occurs if Pfr is present in both
the partially-purified organelles, and in the soluble
phase. Soluble Pfr, therefore, will not pellet with or-
ganelles containing only Pr, nor will soluble Pr associ-
ate with organelles containing either Pr or Pfr.
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Table 3. Effect of pre-irradiation on the pelletability of phytochrome in subsequently-mixed prepara-
tions of soluble phytochrome and purified organelle fractions. a Aliquots of soluble phytochrome
(100 KS) and purified organelles (G-50) were given the stated light treatments, immediately mixed,
incubated in darkness at 24° C for 5 min, and then centrifuged at 6000 x g and the pellets assayed
for phytochrome and protein. b As a control, an aliquot of soluble phytochrome and one of
purified organelles were mixed, given 5 min R and incubated in darkness for 5 min before centrifuga-

tion and measurement as in a. (Other details as in caption to Table 2)

Treatments .
G-50 100 XS x10~* A(4A) mg protein x 10~* 4(4A) mg
protein~!

a

Dark Dark 11 0.53 20.8

5 min R Dark 10 0.50 20.0

Dark S min R 11 0.53 20.8

5 min R 5 min R 18 0.37 48.6

5 min R+5 min FR Smin R+5min FR 10 0.51 19.6
b

G-50+100 KS, mixed, then 5 min R 22 0.51 43.1

Table 4. The requirement for Pfr in both organelies and the soluble fraction. Details of the experiments are as in the caption to

Table 3.
Treatments x 1074 4(4A) mg protein x 107* 4(4A)- mg protein™?!
G-50 100 KS samples average samples average samples average
5 min R 5 min R 11.1 0.265 41.7
14.0 12.2+0.8- 0.269 0.27 +0.003 52.0 45.3+3.5
11.6 0.275 42.3
S min R+ 5 min FR 5 min R 5.3 0.253 21.0
9.1 6.8+1.2 0.276 0.25+0.017 33.1 27.0+3.5
59 0.218 27.1
S min R Smin R +5 min FR 5.0 0.255 19.5
7.4 5.9+0.7 0.258 0.25+0.008 28.7 23.8+2.6
5.4 0.233 23.1
Discussion ganelles (Quail, 1977), because it is very rapid, and

The results indicate that soluble phytochrome will
associate, in vitro, with isolated organelles, as long
as Pfr exists in both components. Once associated,
the phytochrome remains pelletable for several hours,
either in the Pr or principally in the Pfr state. It
is premature to attempt to decide whether this R-
induced increase in pelletability is representative of
the in vivo association described in the Introduction,
or whether it is another form of the apparently artifac-
tual in vitro association. What can be stated, however,
is that the pelletable material contains very little ribo-
nucleoprotein material (Evans and Smith, 1976;
Quail, pers. comm.) and that the R-induced pelletabil-
ity does not depend on the presence of divalent ca-
tions. It seems unlikely, therefore, to be artifactual
in the manner described by Quail and Gressel (1976).
The G-50 column technique was used here, in spite
of its admitted incomplete success in purifying or-

highly reproducible in our hands and because the
fractions so purified display a R/FR mediated -re-
sponse in vitro (Cooke and Saunders, 1975; Evans
and Smith, 1976). It is not fully satisfactory, however,
and subsequent work will be undertaken with prepa-
rations purified in other ways.

The in vitro association of soluble phytochrome
to isolated organelle membranes reported here has
some similarities with the phenomenon observed by
Georgevitch et al. (1977) who showed that purified
phytochrome binds to particulate fractions and
purified mitochondria from etiolated oat tissues. Al-
though Pfr bound more readily than Pr, Georgevitch
et al. (1977) did not test the effects of pre-irradiation
in vitro of the binding structures. R-irradiation of
oat tissue in vivo yielded particulate fractions which
bound lesser amounts of soluble Pfr in vitro, indicat-
ing that the binding sites had been saturated in vivo,
or immediately upon extraction. In the experiments
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- reported here with barley preparations, the additional

pelletable phytochrome was, in all trials, approxi-
mately equal to the amount of phytochrome inher-

© ently associated with the organelles. A _('si'mple expla-
- nation, therefore, would be that Pfr molecules associ-

ate to form irreversible dimers. If one of the two
phytochrome molecules forming the dimers is a com-
ponent of an organelle membrane, then subsequent
centrifugation would pellet the dimers and enhance
the observed pelletability. If such a mechanism does
occur, it would seem important to determine whether
or not it is involved in the so-called in vivo pelletabil-
ity described by Pratt (1977) and Marmé (1977).

The in vitro phytochrome pelletability phenome-
non described here appears to be largely free of the
artifacts described by Quail and Gressel (1976) and
thus provides an opportunity to carry out competi-
tion-binding experiments, similar to those performed
by Georgevitch et al. (1977), to assess the specificity
of the association. The use of labelled, purified phy-
tochrome will also allow the stoichiometry, and thus
the question of dimer formation, to be assessed, to-
gether with an investigation of the kinetics of binding.
Finally, the fact that phytochrome modulates a de-
fined response in the isolated organelles, i.e. the levels
of extractable gibberellins (Cooke and Saunders,
1975; Evans and Smith, 1976), may provide a basis
for relating the characteristics of the phytochrome-
membrane interaction to its observed biological ef-
fect.
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The Presence of Phytochrome

in Purified Barley Etioplasts and Its In Vitro Regulation
of Biologically-Active Gibberellin Levels in Etioplasts

Janet R. Hilton* and Harry Smith

Department of Botany. Adrian Building, The University, University Road, Leicester LE1 7RH, U.K.

Abstract. Data are presented confirming that purified
barley etioplasts contain, or have associated with
them, consistently detectable amounts of photorevers-
ible phytochrome. Etioplasts, separated from mito-
chondrial contamination by sucrose gradient centrifu-
gation, respond in vitro to red light treatment by
an increase in the level of extractable gibberellin-like
substances. It is concluded that earlier reports of the
phytochrome regulation of biologically-active gibber-
ellin levels in crude plastid fractions represent re-
sponses of the etioplast alone.

Key words: Etioplast — Gibberellin — Hordeum -
Phytochrome.

Introduction

Cooke et al. (1975) and Evans and Smith (1976a,
b) detected phytochrome spectrophotometrically in
purified etioplast preparations and Cooke and
Saunders (1975), Cooke et al. (1975) and Evans and
Smith (1976a) have demonstrated its regulation in
vitro of the levels of biologically-active gibberellin-like
substances extractable into aqueous methanol. They
used modifications of the Wellburn and Wellburn
(1971) Sephadex G-50 (coarse) gel filtration technique
to isolate etioplast-rich fractions from homogenates
of etiolated cereal leaves. In 1977 Quail extensively
and critically examined G-50 eluate fractions he ob-
tained from Avena shoots using both electron micros-
copy and marker enzymes. He concluded that the
Sephadex G-50 column, despite removing endoplas-
mic reticulum and other membrane fragments, never-

*  Present address: Weed Research Organization. Begbroke Hill.
Yarnton, Oxford OX5 1PF, U.K.

0032-0935/80/0148/0312/501.40

theless failed to separate mitochondria from the etio-
plasts purified by this method. He also suggested that
the spectrophotometrically-detectable phytochrome
present in G-50 organelle suspensions is present solely
as a soluble contaminant and that it is not co-pellet-
able with the organelles. In view of these comments
we have re-examined the previously reported phyto-
chrome-mediated regulation of biologically active GA-
like substances in etioplast fractions.

In this communication we present data to show
that organelle-associated phytochrome is present in
G-50 organelle suspenstons and, further, that etioplast
fractions free of mitochondrial contamination exhibit
a phytochrome-mediated regulation of the levels of
gibberellin-like substances extractable into" aqueous
methanol. Fractions enriched with mitochondria do
not.

Materials and Methods

Preparation of Plani Material

Seedlings of Hordeum vulgare L. cultivar Julia (Rothwell Plant
Breeders, Lincoln, England) were grown in moist vermiculite at
24° C for 6 days in total darkness. Harvesting and all subsequent
procedures were performed under a green safe-light. Segments of
the first leaf were cut 3 cm long, I cm from the apex.

Isolation of Organelle Fractions

(a) Preparation of the Crude Plastid Pellet. Barley laminae seg-
ments were finely chopped with a razor blade and gently homogen-
ized in a pestle and mortar in 25 mM N-morpholino-3-propanesul-
phonic'acid (MOPS) containing 3 mM EDTA (di-sodium salt),
14 mM, 2-mercaptoethanol and 250 mM sucrose, adjusted to a final
pH of 7.5. A tissue to buffer ratio of 1:2 was used. The homogenate
was gently exuded through 12 layers of cheese cloth and the result-
ing filtrate had a pH of 7.1 which was maintained throughout
the isolation procedure. The filtrate was centrifuged at 6,000 g
for 1 min in a Sorvall model RCB-2 Superspeed centrifuge and
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the pellet derived from 80 g fresh weight of leaf tissue was re-sus-
pended in 5 cm? initial extraction buffer.

Sucrose solutions subsequently used were made up in extrac-
tion buffer minus sucrose.

(b) Sephadex G-50 (Coarse) Gel Filiration. A modification of
the Wellburn and Wellburn (1971) gel filtration technique described
by Evans (1975) was used to isolate etioplasts. In brief, a crude
plastid pellet approximately 5 c¢m?® in volume was loaded on to
a loosely-packed Sephadex G-50 (coarse) gel filtration column,
50 cm long and 1.1 cm diameter. Fractions 0.5 cm? in volume were
eluted from the column with extraction buffer. Prior to light treat-
ments, the organelle-containing fractions eluting from the column
were pooled. The resultant organelle suspension was approximately
9 cm? in volume.

(c) Post G-50 Sucrose Centrifugation. 1 cm® aliquots of the pooled
G-50 organelle suspensions were layered on to an equal volume
of 20% (w/v) sucrose and centrifuged in an MSE bench centrifuge
at approximately 500 g for either 1 or 1.5 min. Following a 1 min
centrifugation, the pellets derived from separate aliquots were re-
suspended in approximately 9 cm? original extraction buffer and
used as an etioplast-enriched organelle fraction. The supernatants
remaining after a 1.5 min centrifugation were further centrifuged
at 27,000 g for 10 min in a Sorvall model RCB-2 Superspeed centri-
fuge. The pellets were re-suspended in approximately 9 cm? of origi-
nal extraction buffer and used as a mitochondrial-enriched organ-
elle fraction.

(d) Sucrose Gradient Centrifugation. A crude plastid pellet approxi-
mately 5 cm? in volume was layered on to a discontinuous sucrose
gradient of 7.5 cm® 55% (w/v) sucrose, 12.0 cm? 40% (w/v) sucrose
and 7.5 cm® 25% (w/v) sucrose and centrifuged in an SW 27 swing-
out rotor in a Beckman L2-65B ultracentrifuge for 20 min at ap-
proximately 9,350 g. Two fractions, those banding at the upper,
i.e. the 55/40% interface and the lower, i.e. the 40/25% interface
were fractionated from the gradient, diluted with original extraction
buffer and subsequently used as the organelle fractions. Each frac-
tion was approximately 9 cm? in volume.

Light Sources

The red light source consisted of four 15 W ‘warm white’ fluores-
cent tubes filtered through 1 layer of no. 1 Yellow Cinemoid and
1 layer of no. 14 Ruby Cinemoid (Rank Strand Electric, Kingsway,
London, England). The resulting photon fluence rate was 2.3 pmol
m~2s~ ! at the sample surface. The source of far-red light consisted
of four 250 W single coil tungsten bulbs filtered through 10 cm
of running water, 1layer of no. 5A Deep Orange and I layer
of no. 20 Deep Blue Primary Cinemoid. The photon fluence rate
at the sample surface was 4.6 pmol m~2s™!. Safe lights consisted
of one 15W 50.8 cm fluorescent tube filtered through 2 layers
of no. 39 Primary Green Cinemoid.

Light Treatments

Organelle suspensions were divided into three aliquots of similar
volume and treated separately. One aliquot was irradiated with
red light for 5 min and returned to darkness for a further 5 min
(RED); another aliquot was irradiated with red light for 5 min
and immediately irradiated for a further 5 min with far-red light
(RED/FAR RED), and a third aliquot was maintained in darkness
for the entire 10 min treatment period (DARK). All treatments
were performed at 24° C in a water bath.
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Carotenoid Assay

Total carotenoids were extracted into acetone to a final concentra-
tion of 80% (v/v) and estimated as outlined by Davies (1976).

Cytochrome ¢ Oxidase Assay

Cytochrome c oxidase was assayed according to the method of
Smith (1955). All fractions to be assayed passed through at least
one cycle of freezing and thawing to effect disruption of the mito-
chondrial membranes.

Succinate Dehydrogenase Assay

Succinate dehydrogenase was assayed according to the method
of Slater and Bonner (1952).

Phytochrome Measurement

Total phytochrome was measured at 25° C using a Perkin Elmer
156 dual wavelength spectrophotometer. Calcium carbonate was
used to increase effective path length over a 1cm path length
plastic cuvette. Actinic and measuring beams were set at 660 nm
and 730 nm. All samples were pre-irradiated with sufficient red
light to effect maximum conversion of protochlorophyllide to
chlorophyllide prior to measurement. Sucrose gradient fractions
were centrifuged at 27,000 g for 10 min in a Sorvall model RCB-2
Superspeed centrifuge and pellets re-suspended in original extrac-
tion buffer in order to obtain similar sucrose concentrations prior
to phytochrome measurement.

Protein Assay

All samples were precipitated in 10% (w/v) trichloroacetic acid
at 0° C for 30 min and centrifuged in an MSE bench centrifuge
at approximately 500 g for 5 min. The pellets were washed and
re-dissolved in the original volume of 0.1 MNaOH and protein
determined by the method of Lowry etal. (1951) using bovine
serum albumin as a standard.

Extraction and Fractionation of GA-Like Substances

After light treatment, aliquots of organelle suspensions were imme-
diately homogenized in ice-cold methanol to a final concentration
of 80% (v/v). After extraction, the homogenates were centrifuged
at 2,000 g for 5 min in an MSE bench centrifuge and the superna-
tants decanted, reduced to the aqueous phase in vacuo at 35°C
and dissolved in 0.5 M phosphate buffer pH 8.5. The solutions
were partitioned three times against equal volumes of re-distilled
ethyl acetate after which the pH was lowered to 2.5 with 4 M HCl.
The pooled organic phases following similar partition against re-
distilied ethyl acetate at low pH were reduced to dryness in vacuo
and re-dissolved in a small volume of re-distilled ethanol:ethyl ace-
tate, 1:1. Thin-layer chromatography was carried out on 0.25 mm
layers of silica gel (Macherey-Nagel and Co., Duren, F.R.G.) using
chloroform:ethyl acetate:acetic acid, 60:40:5 as the developing
solvent which was allowed to run 10 cm from the point of sample
application. After being thoroughly dried, zones scraped from the
TLC plates were eluted three times in 0.5 cm? re-distilled etha-
nol:ethyl acetate, 1:1. The pooled eluates were reduced to dryness
under a stream of nitrogen and re-dissolved in 1 cm? of sterile
water prior to bioassay.
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Estimation o f GA-Like Activity

G.A-like activity was estimated using a modification of the Jones
and Varner (1967) barley half-seed bioassay. Half-seeds of Hordeum
vulgare L. cultivar Himalaya, 1974 (Professor J.D. Maguire. Wash-
ington State University, USA) were used. Embryo-less halves of
the barley seeds were sterilized for 20 min in 1% (v/v) sodium
hypochlorite. At the end of the sterilization period, the grains were
washed at least three times with sterile water and transferred to
sterile filter papers in sterile petri dishes so that the cut ends of
the half seeds were not in contact with the paper nor were they
in contact with each other. The half-seeds were imbibed for 48 h
at room temperature, ensuring that the filter papers were moist,
but not flooded, with sterile water. At the end of the imbibition
period 10 sterile half-seeds were transferred to sterile conical flasks
containing 0.5 cm” sterile 0.01 M, succinate buffer, pH 4.8. 0.5 cm”
sterile 0.1 M calcium chloride. 1 drop chloramphenicol (0.5 mg
cm””) and 1cm” test solution. Conical flasks were incubated in
an orbital shaker at 25° C for 24 h at approximately 50 oscillations
min“ ‘. After incubation the liquid was decanted, the half-seeds
rinsed with 2 cm” distilled water and the combined solutions centri-
fuged at 2,000 g for 5 min in an MSE bench centrifuge. The super-
natant was used as the enzyme solution and the z-amylase activity
was estimated using starch solution as the substrate and iodine/
hydrochloric acid as the terminator of the reaction, a-amylase activ-
ity induced in the half-seeds by the test solution was calculated
from the absorbance of the resulting solutions at 620 nm.

Results

Characterisation
of the Sephadex G-50 (Coarse) Eluate

The Sephadex G-50 (coarse) elution profile of Well-
burn and Wellburn (1971) shows three peaks of A 256
(Fig. 1). The first is claimed to correspond to intact
plastids, the second to intact plastids and mitochon-
dria, and the third to debris and broken plastids.
Fig. 2a and b, the Sephadex G-50 elution profiles
obtained by Evans and Smith (1976a) and in this
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Fig. 1. Elution profile of Sephadex G-50 (coarse) gel filtration col-
umn showing three peaks of A”s?; the first claimed to correspond
to intact plastids, the second to intact plastids and mitochondria
and the third to debris and broken plastids. (After Wellburn and
Wellburn 1971)

work show only single elution peaks. Fig. 3 shows
the profiles of extractable carotenoids and cyto-
chrome ¢ oxidase/succinate dehydrogenase activities
measured through a G-50 column eluate. The carot-
enoids and the mitochondrial membrane marker en-
zymes elute together. The percentage recovery of these
markers in a pooled G-50 eluate compared to that
of the initial crude plastid pellet is shown in Table 1.
The data closely agree with those of Quail (1977)
and support the conclusion that etioplasts prepared
by the G-50 method have a significant level of mito-
chondrial contamination. Both Evans and Smith
(1976a) and Quail (1977) have showed spectrophoto-
metrically-detectable phytochrome to have similar
elution characteristics to the single elution peak they
obtained from the G-50 column. We have obtained
similar results (Fig. 4). However, Quail (1977) was un-
able to measure phytochrome in a re-suspended organ-
elle pellet, obtained after further low-speed centrifuga-
tion of the pooled G-50 organelle fractions and sug-
gested that the phytochrome was present solely as

06

02

100 100

b Fraction number

Fig. 2a and b. Elution profiles of Sephadex G-50 (coarse) gel filtration showing single peaks of A*o a after Evans and Smith, 1976a,

and b obtained in this work. Each fraction was 0.5 cm” in volume
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Table 1. Percentage recoveries of etioplast and mitochondrial mem-
brane markers during Sephadex G-50 (coarse) fractionation

Crude Bulked % recovery
plastid G-50 in G-50
pellet fractions fractions
Carotenoids 10.5 2.8 27
pgem "”
Succinate dehydrogenase  179.4 63.3 35
kat 10-'°
Cytochrome c oxidase 321.4 70.3 22
kat- 1Q -"
40
° 30 30

Fraction number

Fig. 4. Elution profile of Sephadex G-50 (coarse) gel filtration col-
umn showing that spectrophotometrically detectable phytochrome
[d(dA)eso 730nm] has similar elution characteristics to the etioplast
membrane marker, carotenoids. Each fraction was approximately
2 cm” in volume

a soluble contaminant running in the void volume
of the Sephadex column. In contrast, we were
able to measure small, but nevertheless, consistent
amounts of phytochrome in both the supernatant
[20-107*7dlzlA)] and the organelle-containing fraction
[15- 10” “z)(dA)] following centrifugation of a pooled
G-50 eluate at 6,000 g for 1 min, suggesting that at
least part of the G-50 phytochrome is truly organelle-
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Fig. 3. Elution profile of Sephadex G-50
(coarse) gel filtration column using
cytochrome ¢ oxidase and succinic
dehydrogenase as markers of mitochondrial
membranes and carotenoids as a marker of
etioplast membranes. Each fraction was

0.5 cm” in volume

associated, despite a large proportion of it being non-
organelle associated or soluble, as suggested by Quail
(1977). Kraack and Spruit (Pers. Comm.) have also
been able consistently to measure pelletable or organ-
elle-associated phytochrome in G-50 fractions isolat-
ed from maize shoots in complete darkness or under
green safelight.

Characterisation
of the Post G-50 Sucrose Centrifugation Fractions

The two fractions obtained after centrifuging an equal
volume of pooled G-50 eluate through 20% sucrose
exhibited very distinct characteristics in terms of
marker enzymes and of measurable phytochrome.
The etioplast-enriched fraction contained 45% of the
extractable carotenoids, 12.4% of the total measur-
able phytochrome [5- 10~“d(dA)] and no cytochrome
¢ oxidase activity, whereas the mitochondrial-en-
riched fraction contained 14% of the carotenoids,
44% of the measurable phytochrome
[17.5-10"~d(dA)] and 97% of the cytochrome ¢ ox-
iate activity. We were therefore able to obtain an
etioplast suspension containing measurable amounts
of phytochrome but no cytochrome ¢ oxidase activity,
indicating the absence of mitochondrial contamina-
tion, and a further fraction enriched with mitochon-
dria.

Characterisation
of the Discontinuous Sucrose Gradient Fractions

The elution profile obtained after centrifuging a crude
plastid pellet through a discontinuous sucrose gra-
dient (Fig. 5) shows two distinct peaks of extractable
carotenoids, one at the 25%/40% interface with high
associated cytochrome ¢ oxidase activity and another
at the 40%/55% interface with no associated cyto-
chrome c oxidase activity. Figure 6 shows the distribu-
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Fig. 5. Description of discontinuous sucrose gradient and the elu-
tion profile obtained using cytochrome c oxidase and total extract-
able carotenoids as markers of the mitochondrial and etioplast
membranes respectively. Note the two peaks of extractable caroten-
oids. The first at the 25/40% interface is associated with a peak
of high cytochrome c¢ oxidase activity whereas the second peak
has no associated cytochrome c¢ oxidase activity. Each fraction
was approximately 2 cm” in volume

Bottom

Bottom Top

Fig. 6a and b. Elution profile of a discontinuous sucrose gradient
in terms of spectrophotometrically-detectable phytochrome (a) and
its specific activity (b). Phytochrome is measurable associated with
both the organelle fractions despite approximately 40% of the
total phytochrome recovered remaining on top of the gradient
which is not organelle-associated (i.e. is soluble). The volume of
each fraction isolated from the gradient was approximately 4 cm-’.
The arrows indicate the banding positions of the organelle fractions
subsequently used in light treatment experiments

tion of phytochrome expressed in absolute units (a)
and also specific activity (b) through a sucrose gra-
dient. A large proportion (approximately 40%) of
the total phytochrome recovered from the gradient
is not organelle-a-ssociated (i.e. is soluble) and remains
on the top of the gradient. The phytochrome passing
into the gradient is associated with both of the organ-
elle fractions, a large amount being associated with
the upper banding fraction but a small, consistent,
amount being associated with the lower banding frac-
tion.

Phytochrome-Mediated Changes
in Gihberellin-Like Substances

Figure 7 (a) demonstrates the effects of red and far-
red light on the level of biologically-active GA-like
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substances extractable from G-50 eluate organelle
fractions. The data closely agree with those previously
published (Cooke et al., 1975; Cooke and Saunders,
1975; Evans and Smith, 1976a). The level of G A-like
activity is substantially increased when the suspen-
sions are irradiated for 5 min with red light but the
levels of activity extractable from samples irradiated
with far-red light immediately following red light, are
similar to those extractable from the dark controls.

Figures 7b and ¢ demonstrate the effects of red
and far-red light on the levels of GA-like substances
extractable from post-G-50 sucrose centrifugation
suspensions. The level of GA-like substances extract-
able from mitochondrial-enriched fractions following
light treatment remains closely similar to that of sam-
ples retained in darkness. However the level of GA-
like activity extractable from etioplast-enriched sam-
ples is substantially increased following light treat-
ment. The red light mediated increase in activity is
prevented if the samples are irradiated with far-red
light immediately following red light.

The effects of light treatments on the discontin-
uous sucrose gradient fractions are shown in Fig. 7d
and e. Biologically-active GA-like substances ex-
tracted from the upper banding fractions are unaf-
fected by light treatments whereas the samples ob-
tained from the 40%/55% interface show enhanced
extraction of GA-like substances following a red light
treatment. Again, far-red light given immediately after
the red light reverses the enhanced bioassayable acti-
vity of GA-like substances.

Discussion

It is clear from these data and those of Quail (1977)
that the eluate obtained from a Sephadex-G-50
(coarse) column is composed of both intact etioplasts
and a significant level of mitochondrial contamina-
tion. Both Evans (1975) and Quail (1977) observed
the complete absence of membrane fragments and
vesicles in electron micrographs of G-50 eluate pellets.
These suspensions exhibit a phytochrome-mediated
regulation of the levels of GA-like substances extract-
able into aqueous methanol. If purified preparations
of etioplasts free of mitochondrial contamination are
obtained by further purification of the G-50 eluate,
a phytochrome-mediated increase in the level of GA-
like substances can again be demonstrated, strongly
supporting previously published data. Conversely,
fractions enriched with mitochondria exhibit no R/
FR reversible increase in extractable GA-like activity
following light treatment. Etioplast-enriched fractions
obtained from a discontinuous sucrose gradient also
show a phytochrome-mediated regulation of biologi-
cally-active GA-like substance levels. Again, mito-
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chondrial-enriched fractions exhibit no such phyto-
chrome-mediated response. These discontinuous gra-
dient fractions are, as yet, uncharacterised in terms
of electron microscopy but the data obtained from
these fractions are consistent with those obtained
from G-50 fractions and substantiate previous reports
of an in vitro regulation of GA levels by phytochrome
in etioplast-rich fractions.

We were able to detect phytochrome in etioplast-
enriched fractions from both the post G-50 sucrose
centrifugation and the discontinuous sucrose gradient
centrifugation procedures. The phytochrome present
in these preparations is organelle-associated, as is that
present in the pellet when a pooled G-50 eluate is
subsequently centrifuged. The absence of membrane
fragments and vesicles from the G-50 eluate (Evans,
1975; Quail, 1977) indicates that the phytochrome
present in these eluates cannot be a contaminant of
the endoplasmic reticulum or the plasmalemma.

With the information available at the present time
we are unable to distinguish between phytochrome
that may be loosely, or peripherally, and therefore
possibly artifactually, associated with the organelles
or that which may be intrinsic to the organelle mem-
branes. What is certain, however, is that the photo-
conversion of Pr—Pfr in these fractions is associated
with increased levels of biologically-active GA-like
substances. Thus, active phytochrome must be present
in, or on, the etioplasts and mediates a well-defined
response in vitro. Clearly, of course, it should go
without saying that we do not claim that a large
proportion of the total cellular phytochrome is asso-
ciated with the etioplasts.

We have recently shown (Smith et-al., 1978) that
incubation of G-50 eluate fractions with a soluble
phytochrome preparation leads to enhanced levels of
phytochrome associated with the organelles following
red light treatment. The phytochrome-mediated regu-
lation of biologically-active GA-like substance levels,
together with the light-mediated association of soluble
phytochrome to etioplasts, may provide an opportu-
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nity to study the mode of action of phytochrome
in a clearly defined cell free system.

We wish to thank Dr. J.L. Stoddart, Welsh Plant Breeding Station,
Aberystwyth, for technical guidance and useful discussions.
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Phytochrome control of plastid adbberellln levels,
J. H. Hilton

Previously published work has shown that phytochrome is present in
association with etioplast-enriched organelle suspensions and that
it mediates in vitro the levels of gibberellin-like substances
(GA-LS) extractable from them into aqueous methanol. However, the
technique used to isolate the organelle suspensions has recently
been critically examined, both biochemically and with the use of the
electron microscope and found to purify mitochondria to a similar
extent to etioplasts. The validity of these results is therefore
questionable.

This thesis presents results of experiments designed to study
further the presence of phytochrome in association with etioplast-
enriched suspensions and also re-examines the rdle of phytochrome

in the mediation of GA-LS levels. When etioplasts are prepared

free of mitochondrial contamination (as judged by biochemical marker
enzymes) phytochrome remains in association with the etioplasts and
also mediates the levels of GA-LS extractable from them. Suspensions
enriched with mitochondria also contain spectrophotcmetrically-
detectable phytochrome but exhibit no phytochrome mediation of
extractable GA-LS levels.

It was previously hypothesized that photoconversion of etioplast-
associated phytochrome to Pfr mediated a change in the permeability
of the etioplast envelope membranes with respect to GA-LS thereby
allowing an efflux of GA-LS out of the etioplasts into the surround-
ing medium. The results presented in this thesis show that a large
proportion of the red light-mediated increase in GA-LS is retained
within the etioplasts. The results suggest, therefore, that phyto-
chrome photoconversion has an effect on the extractability of GA-LS
from etioplasts possibly via conformational changes of the etioplast
membranes.

Results of preliminary experiments with chioroplast-enriched
organelle suspensions are also presented and suggest that phytochrome
is detectable in association with chloroplasts (namely the envelope

membranes) and that it mediates the levels of GA-LS extractable from
them.



