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D edication



For my p a re n ts .



A b strac t



Phytochrome c o n tro l of p l a s t l d  g ib b e re l l in  le v e l s .  

J .  R. H ilton

P rev io u s ly  pub lished  work has shown t h a t  phytochrome i s  p re se n t in  
a s s o c ia tio n  w ith  e t io p la s t- e n r ic h e d  o rg a n e lle  suspensions and th a t  
i t  m ediates in  v i t r o  th e  l e v e l s  of g ib b e re l l in -1  ik e  substances 
(GA-LS) e x tra c ta b le  from them in to  aqueous m ethanol. However, the 
techniq_ue used to  i s o la te  th e  o rg a n e lle  suspensions has re c e n tly  
been c r i t i c a l l y  examined, bo th  b iochem ically  and w ith  th e  use o f the  
e le c tro n  microscope and found to  p u r ify  m itochondria  to  a  s im ila r  
e x ten t to  e t io p la s t s .  The v a l id i ty  o f th e se  r e s u l t s  i s  th e re fo re  
q u e s tio n a b le .

This th e s i s  p re se n ts  r e s u l t s  of experim ents designed to  study 
f u r th e r  th e  presence of phytochrome in  a s s o c ia tio n  w ith  e t io p la s t -  
en rich ed  suspensions and a lso  re-exam ines th e  rô le  of phytochrome 
in  th e  m ediation o f GA-LS l e v e l s .  When e t io p la s t s  a re  prepared  
f r e e  of m itochondria l contam ination  (a s  judged by biochem ical marker 
enzymes) phytochrome rem ains in  a s s o c ia t io n  w ith  th e  e t io p la s t s  and 
a lso  m ediates th e  le v e ls  o f GA-LS e x tra c  ta b le  from them. Suspensions 
enriched  w ith  m itochondria a lso  co n ta in  sp ec tro p h o to m etr ica lly - 
d e te c ta b le  phytochrome b u t e x h ib it  no phytochrome m ediation of 
e x tra c ta b le  GA-LS le v e ls .

I t  was p rev io u s ly  hypothesized  th a t  photoconversion of e t io p la s t -  
a sso c ia te d  phytochrome to  P f r  m ediated a  change in  th e  p e rm eab ility  
of the  e t io p la s t  envelope membranes w ith  re sp e c t to  GA-LS th e reb y  
allow ing an e f f lu x  of GA-LS out o f th e  e t io p la s t s  in to  th e  surround
ing  medium. The r e s u l t s  p re sen ted  in  t h i s  th e s i s  show th a t  a  la rg e  
p ro p o rtio n  of th e  red  lig h t-m e d ia te d  in c re a se  in  GA-LS i s  re ta in e d  
w ith in  the  e t io p la s t s .  The r e s u l t s  su g g es t, th e re fo re , th a t  phyto
chrome photoconversion has an e f f e c t  on th e  e x t r a c ta b i l i t y  of GA-LS 
from e t io p la s t s  p o ss ib ly  v ia  conform ational changes of th e  e t io p la s t  
membranes.

R esu lts  of p re lim in a ry  experim ents w ith  c h io ro p la s t-e n r ic h e d  
o rg an e lle  suspensions a re  a lso  p re sen ted  and suggest th a t  phytochrome 
i s  d e te c ta b le  in  a s s o c ia tio n  w ith ch lo ro p ls is ts  (namely th e  envelope 
membranes) and th a t  i t  m ediates the  l e v e l s  o f GA-LS e x trac  ta b le  from 
them.
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MOPS

EDTA

HEPES

S.E.

PLB

w/v

v /v

A

X

Rf

Equiv.

L

P f r

P r

M

TLG

ÙL

r/ fr

lo g

xKP

xKS

[3h ]
GA-LS

G-50 method

GC-MS

GC-EC

N-morphol lno-3-propanesu lphonlc  ac i d .

E thylene diamine t e t r a  a c e t ic  a c id .

4 - (2-dydroxym ethyl) -  1 -p ip e raz in e  ethanesuLphonic a c id . 

S tandard e r ro r .

P ro lam ella r body.

G ib b e re llic  ac id ^ .

Weight by volume.

Volume by volume.

Absorbance.

Wavelength.

R e la tiv e  band speed to  f r o n t .

E q u iv a le n t.

L i t r e .

F a r-red  absorbing form o f phytochrome.

Red absorb ing  form o f phytochrome.

Molar (c o n c e n tra tio n ) .

T h in -lay e r chromatography.

Change.

R ed /fa r-red .

Logarithm . 

x,ooo g p e l l e t .  

x,ooo g su p e rn a tan t.

T r i t ia te d

G ib b e re llin -1 ik e  su b s ta n c es ,

Sephsidex G-50 (co a rse ) g e l f i l t r a t i o n  method o f W ellbum 
and W ellbum ( I 97I ) .

Gas chromatography -  mass spectroscopy

Gas chromatography -  ra d io  chromatography
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I t  was from th e  r e s u l t s  o f p h y s io lo g ic a l experim ents th a t  th e  morpho- 

g e n ic a l ly -a c t iv e  p la n t  chrom oprotein phytochrome was d iscovered  (H endricks, 

1974) .  Phytochrome i s  p re se n t u b iq u ito u s ly  throughout th e  whole o f th e  

eu karyo tic  g reen  p la n t  kingdom, and may enab le  p la n ts  to  d e te c t ,  and 

respond to ,  shading  from o th e r p la n ts  (Sm ith, 1975)* Borthwick (1972) 

d e sc rib e s  phytochrome an "a  m aster c o n tro l which keeps the  p la n t  in  tune  

w ith  i t s '  su rround ings through in te rp la y  w ith  some of th e  v a r io u s  o th e r  

re g u la to ry  system s". Phytochrome e x is t s  in  two in te rc o n v e r t ib le  form s; P r 

absorb ing  maximally a t  66O nm and P f r  absorb ing  maximally a t  730 nm. 

A bsorption o f l i g h t  by e i th e r  form, r e s u l t s  in  conversion  to  th e  o th e r form . 

In  dark-grown p la n ts  phytochrome e x is t s  s o le ly  a s  P r . Upon i r r a d ia t io n  w ith 

re d  l i g h t  P r  i s  photoconverted  to  P f r ,  th e  s o -c a l le d  ' a c tiv e  ' form of 

phytochrome. A la rg e  number o f d i f f e r e n t  phytochrom e-m ediated resp o n ses  

have been d esc rib ed  (Sm ith, 1975)• The time in te rv a l  between th e  absorp 

t io n  of l i g h t  by th e  pigment and th e  ex p ress io n  o f the  photomorphogenic 

response v a r ie s  from a  few seconds (Newman and B rig g s , 1972) up to  sev e ra l 

hours (Mohr, I 966) .  A lso, th e  r a t e  of escape from p h o to re v e r s ib ü i ty  v a r ie s  

from 1.5  min f o r  50% lo s s  o f p h o to re v e r s ib i l i ty  (F red ericq , 1964) up to  9 

hours (Pjon and F u riy a , I 967) .  The s ig n a l- tra n sd u c in g  mechanism i s  s t i l l  

unknown. There a re  th re e  hypotheses on th e  mode o f prim ary a c tio n  of 

phytochrome, (a ) phytochrome fu n c tio n in g  through gene a c tio n  (Mohr, I 966 ; 

Schopfer, 1977), (b) phytochrome a c t iv a t io n  of so lu b le  enzymes (Tezuka and 

Yamamoto, 1974), and (c )  phytochrom e-induced changes in  membrane p ro p e r t ie s  

(Hendricks and Borthw ick, I 967) .  C u rren tly , th e  most p opu lar and sim ple 

hypothesis o f th e  mode o f a c tio n  o f phytochrome i s  an e f f e c t  on membrane 

p ro p e r tie s . S ince i t s  p roposal in  I 967 in c re a s in g  support has been gained  

f o r  th i s  th eo ry  bo th  from p h y s io lo g ic a l and in  v i t r o  lo c a l iz a t io n  s tu d ie s .

To understand th e  mode o f a c tio n  o f phytochrome in  th e  c e l l  i t  i s  very  

im portant to  know where i t  i s  lo c a te d . In  very  e leg an t s tu d ie s  Haupt and
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co-w orkers, (Haupt e t  a l . , I 969 ; Haupt, 1970» W eisenseel and Haupt, 1974) 

s tu dy ing  th e  o r ie n ta t io n  o f th e  c h lo ro p la s ts  in  the  green a lg a  M ougeotia, 

have suggested  th a t  th e  d ic h ro ic  p h o to recep to r changes i t s  d i r e c t io n  o f 

maxmal ab so rp tio n  by 90°  upon photoconversion and conclude th a t  in  

Mougeotia th e  phytochrome m olecules a re  arranged  in  th e  plasma membrane.

E tzo ld  ( 1965) a lso  concludes th a t  s p a t ia l  o rg a n iz a tio n  o f p h o to recep to r 

m olecules re sp o n s ib le  f o r  germ tube  growth in  th e  f e rn  D ry o p te ris  f i l i x  mas 

i s  lo c a te d  in  th e  plasma membrane. From work on th e  immunocytochemical 

lo c a l iz a t io n  o f phytochrome P r a t t  and co-w orkers (P r a t t  and Coleman, 1971» 

P r a t t  e t  a l . ,  1974; Coleman and P r a t t ,  1974 a  and b ; P r a t t  suid Coleman, 1976) 

have made co n sid e rab le  p ro g ress  towards lo c a l iz in g  phytochrome w ith in  

the c e l l .  In  c e l l s  which have been exposed to  green s a f e - l ig h t  on ly , 

phytochrome p o ssesses  no d is c e rn ib le  unique a s s o c ia tio n  w ith  a  s in g le  

o rg an e lle  o r  membrane ty p e . S ta in  f o r  phytochrome a s  P r i s  observed in  

a sso c ia tio n  w ith  th e  n u c le a r  membrane, w ith  m itochondria , w ith  am ylop lasts  

and w ith  p la s t id s ,  as  w ell a s  being w idely d is t r ib u te d  throughout the  

cytoplasm . These o b serv a tio n s  a re  c o n s is te n t  w ith  th e  p o s s ib i l i ty  th a t

phytochrome^ a s  P r^ is  p re se n t la rg e ly  sus a  so lu b le  p ro te in  in  th e  cytoplasm
1

of e t io la te d  p la n t  t i s s u e .  As they  p o in t o u t, one may s t i l l  n o t conclude, 

however, th a t  th e re  i s  no t a  b io lo g ic a l ly  s ig n i f ic a n t  a s s o c ia tio n  o f a  sm all, 

bu t a c t iv e , pool o f P r  w ith  some u n id e n tif ie d  s u b -c e l lu la r  component.

Mackenzie e t  a l . ,  ( 1975) have shown th a t  P f r ,  th e  s o -c a lle d  p h y s io lo g ic a lly  

a c tiv e  form of phytochrome, has a  d i f f e r e n t  s u b -c e l lu la r  d i s t r ib u t io n .  I t  

appears th a t  phytochrome m ig ra tes , a f t e r  photoconversion  to  P f r ,  from a  

r e l a t iv e ly  uniform  d is t r ib u t io n  to  d i s c r e te ,  a s  y e t u n id e n tif ie d , a re a s .

This movement i s  very  ra p id  and can be d e te c te d  c le a r ly  w ith in  two m inutes 

a t  3°G. The r e s u l t s  o b ta ined  from immunocytology seem to  ru le  out a  unique 

a sso c ia tio n  o f phytochrome w ith  one s u b -c e l lu la r  component. However, they
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in d ic a te  th a t  phytochrome, as  a  r e s u l t  o f photoconversion , can change i ts *  

s u b -c e l lu la r  d i s t r ib u t io n .  I t  would appear th e re fo re , th a t  th e re  a re  two 

ty p es  o f phytochrome p re se n t in  th e  c e l l ;  one in h e re n tly  a sso c ia te d  w ith  

th e  membranes and an o th er so lu b le  in  th e  c e l l ,o n ly  becoming a sso c ia te d  w ith  

p a r t ic u la te  m a te ria l (and th u s  becoming p e l le ta b le )  fo llo w in g  photoconversion  

to  th e  P f r  form (Q uail e t  a l . , 1973» Furuya and Manabe, 1976; Marme e t  a l . , 

1973; Q uail and G resse l, 1976).

Another method used to  lo c a l iz e  phytochrome has been th a t  o f c e l l  f r a c t io n 

a t io n . From work w ith  p u r if ie d  s u b -c e l lu la r  f r a c t io n s  phytochrome has been 

lo c a l iz e d  in  a s s o c ia t io n  w ith  m itochondria , (Gordon, 1961; Manabe and 

Furuya, 1974) plasma membrane, (Marme, 1974; Q uail and Hughes, 1977») 

rough endoplasmic re ticu lu m  (W illiam son e t  a l . , 1975) and e t io p la s ts  

(Evans and Smith, 1976a; Cooke and Kendrick 1976; Kraack and S p ru it , P e rs . 

Comm.). There i s , t h e r e f o r e ,a  la rg e  body o f evidence to  suggest th a t  phyto

chrome i s  p re sen t in  c e l l s ,  and fu r th e r ,  th a t  i t  i s  p re sen t in  a s s o c ia tio n  

w ith  p u r if ie d  o rg a n e lle  f r a c t io n s .

The f i r s t  o b servation  o f th e  p resence o f GA-LS in  a s s o c ia tio n  w ith  p la s t id  

f r a c t io n s  was th a t  of S to d d art ( I 968) .  He showed s ig n if ic a n t  le v e l s  of 

GA-like a c t i v i ty  a s so c ia te d  w ith  crude c h lo ro p la s t  (IKP) f r a c t io n s  is o la te d  

from th e  le av e s  o f lig h t-g ro w n  B ra ss ic a  o le ra ce a  L. and Hordeum vu lgare  L. 

When expressed on a  t o t a l  ch lo ro p h y ll o r a  fresh -w e ig h t b a s is  approxim ately  

16% of th e  g ib b e re ll  in -1  ik e  a c t i v i t y  found in  th e  l e a f  could  be accounted 

f o r  in  th i s  f r a c t io n .  S im ila r f r a c t io n s  have a lso  been shown to  be cap

ab le  o f GA b io sy n th e s is  in  v i t r o  (S to d d a rt, I 969) .  An a s so c ia tio n  between 

c h lo ro p la s ts  and GA-LS has a lso  been shown by R a ilto n  and Reid (1974). 

C h lo ro p las ts  i s o la te d  from th e  le a v e s  o f Solanum andigena L. exposed to  

sh o rt days con tained  sm alle r q u a n t i t ie s  of GA-LS than  d id  c h lo ro p la s ts  

is o la te d  from le a v e s  m aintained under long  days. G ib b ere ll in s  have a lso
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been re p o r te d  in  a s s o c ia tio n  w ith  c h lo ro p la s t  f r a c t io n s  is o la te d  from ivy  

le av e s  (Frydman and Wareing, 1973) and from th e  le av e s  o f Pisimi sativum  L. 

(R a ilto n  and Reid, 1974). In  more re c e n t work, Cooke and Saunders (1975) 

and Cooke e t  a l . , (1975), nsing  a  l e t tu c e  hypocotyl b io assay  (F rankland and 

Wareing, I 96O), showed th a t  GA-LS were a s so c ia te d  w ith  e t io p la s t- e n r ic h e d  

f r a c t io n s  is o la te d  from the  le a v e s  o f dark-grown wheat s e e d lin g s . They 

used a  l , 000g p la s t id -e n r ic h e d  f r a c t io n  is o la te d  from th e  l e a f  homogenate, 

and a ls o , a  f u r th e r  p u r if ie d  e t io p la s t- e n r ic h e d  f r a c t io n  is o la te d  by th e  

Sephadex G-50 (co a rse ) g e l f i l t r a t i o n  techn ique of W ellbum  and W ellbum  

( 1971) .  R esu lts  o f Evans and Smith ( 1976a) a lso  showed GA-like a c t i v i t y  to  

be a s so c ia te d  w ith  e t io p la s t- e n r ic h e d  suspensions is o la te d  by th e  G-50 

method. Evans and Smith (1976a) used e t io la te d  b a rle y  le a v e s  and assayed  

th e  GA-like a c t i v i ty  using  a  m o d ifica tio n  o f th e  b a rle y  a leu rone  la y e r  

b io assay  d e sc rib ed  by Jones and V am er ( 1967)*

Evans and Smith, (1976a) and Cooke and Kendrick, (1976) showed th a t  th e  GA- 

l ik e  a c t i v i t y  e x tra c ta b le  in to  aqueous methanol was in c reased  markedly i f  

th e  e t io p la s t- e n r ic h e d  suspensions were u ltr a s o n ic a te d  p r io r  to  e x tra c t io n . 

The u l tr a s o n ic a t io n  trea tm en t, a s  w ell a s  ru p tu r in g  the  e t io p la s t s ,  would 

be expected to  s o lu b i l iz e  a t  l e a s t  some of th e  m a te ria l a s so c ia te d  w ith  

l ip o - p r o te in  o r membranes. These r e s u l t s  suggest th e re fo re , th a t  a  la rg e  

p ro p o rtio n  of the  p la s t id -a s s o c ia te d  GA-LS was s tro n g ly  a s so c ia te d  w ith  th e  

p la s t id  membranes and th a t  d is ru p tio n  of th e se  membranes rendered  the  GA

LS more r e a d i ly  e x tra c ta b le  in to  aqueous m ethanol. In  1977, Browning and 

Saunders used a  non-ion ic  d e te rg e n t, T rito n  X-100, to  d isp e rse  membranes in  

c h lo ro p la s t suspensions is o la te d  from wheat le a v e s . The le v e l s  o f GA-like 

a c t i v i ty  subsequently  e x tra c ta b le  (a s  assessed  by the  l e t tu c e  hypocotyl 

b ioassay ) were markedly h ig h er fo llow ing  t h i s  trea tm en t than  from ch lo ro 

p la s t  p re p a ra tio n s  which had been u l tr a s o n ic a te d . The q u a n t i t ie s  e x tra c te d
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were f a r  g re a te r  than  th e  q u a n t i t ie s  e x tra c te d  from th e  v e g e ta tiv e  t i s s u e s  

of any o th e r  p la n t sp ec ie s . The r e s u l t s  suggest th a t  the  hu lk  o f th e  

c h lo ro p la s t-a s s o c ia te d  GA-LS a re  lo c a l iz e d  in  th e  c h lo ro p la s t membranes in  

a  s p e c if ic  manner r a th e r  than sim ply p a r t i t io n e d  in to  th e  membrane l i p i d s .  

One p o s s ib i l i ty  i s  th a t  the  t r i to n - e x t r a c ta b le  g ib b e re ll  in s  a re  in tim a te ly  

a s s o c ia te d  w ith  non -p o la r p ro te in s  o r o th e r  m olecules lo c a te d  w ithin^ r a th e r  

than  on, the  p e rip h ery  o f membranes. S ince t h i s  r e p o r t  numerous w orkers 

have a ttem pted  to  re p e a t th e se  experim ents and have been unsuccessfu l in  

o b ta in in g  th e  very  h igh  le v e l s  of GA-LS claim ed to  be e x tra c ta b le  from 

c h lo ro p la s ts  by t h i s  technique (P e rs . Comm.). However, H a ll, (Peirs. Comm.) 

has been su ccess fu l in  e x tra c tin g  sm all in c re a se s  in  the  le v e l  of GA-LS 

w ith  T r ito n  X-100 over and above those  e x tra c ta b le  by so lv en t e x tra c t io n  

a lo n e . The a u th e n t ic i ty  of the  r e s u l t s  o f  Browiing and Saunders (1977) 

rem ains q u estio n ab le  th e re fo re .

When segments o f e t io la te d  b a rle y  o r wheat le a v e s  a re  i r r a d ia te d  w ith  re d  

l i g h t  th e re  i s  a ra p id  in c rease  in  th e  le v e l  of e x tra c ta b le  GA-like a c t i v 

i t y  (Reid e t  a l . , 1968; Beevers e t  a l . ,  1970; Loveys and Wareing, 1971). 

S im ila r ly , th e re  i s  an in c rease  in  the  le v e l  o f subsequently  e x tra c ta b le  

GA-LS in  th e  homogenates o f e t io la te d  b a rle y  le a v e s  fo llow ing  an ir ra x iia tio n  

w ith  re d  l i g h t  (Reid e t  a l . . 1972). T his work le d  Evans and Smith, (1976a) 

and Cooke and Kendrick, (1976), to  study th e  e f f e c t s  of re d  l i g h t  tre a tm e n t 

on th e  le v e l s  of GA-LS e x tra c ta b le  from p la s t id -e n r ic h e d  f r a c t io n s  i s o la te d  

from e t io la te d  b a rle y  and wheat le a v e s  re s p e c tiv e ly . Both groups of work

e rs  observed th a t  the  le v e ls  o f GA-LS subsequen tly  e x tra c ta b le  in to  

aqueous methanol were much h ig h e r in  e t io p la s t s  given a  b r i e f  i r r a d ia t io n  

w ith red  l i g h t ,  than  in  those  m ain tained  in  d a rkness. They a lso  e s ta b l i s h 

ed th a t  an i r r a d ia t io n  w ith  f a r - r e d  l i g h t  im m ediately subsequent to  the  red  

i r r a d ia t io n  rev e rsed  the  e f f e c t  of th e  re d  i r r a d ia t io n  on the  le v e l s  o f



- 6 -

e x tra c ta b le  GA-LS. The in d u c tio n  o f th e  response  o f in c re a se  in  GA-LS by 

red  l i g h t  and i t s  re v e rs a l  by immediate subsequent f a r - r e d ,  in d ic a te d  th a t  

th e  p h o to recep to r involved  in  the  response was phytochrome.

The f i r s t  evidence f o r  phytochrome a c tio n  in  is o la te d  e t io p la s t s  was 

re p o rte d  by W ellbum and W ellbum  (1973) who showed th a t  p l a s t id  develop

ment a t  th e  u l t r a s t r u c tu r a l  le v e l  was enhanced by re d  l i g h t  and th a t  t h i s  

enhancement could be rev e rsed  by subsequent f a r - r e d  l i g h t .  As p re v io u s ly  

s ta te d ,  u sing  immunocytochemical techn iques Coleman and P r a t t  ( 1974a and 

b) observed phytochrome to  be p re se n t in  a sso c ia tio n  w ith  th e  p la s t id s  of 

dark-grown p la n ts .  Evans and Smith (1976a); Cooke e t  a l , , (1975) and 

Kraack and S p ru it ,  (P e rs . Comm.) measured phytochrome sp ec tro p h o to m etr ica lly  

in  e tio p la s t-e m ric h e d  suspensions and f u r th e r ,  Evans and Sm ith (1976b) and 

Cooke and Kendrick, (1976) lo c a l iz e d  phytochrome in  ex c lu s iv e  a s s o c ia t io n  

w ith  th e  envelope membranes when e t io p la s t s  were f u r th e r  su b -f ra c tio n a te d .

No phytochrome was d e te c ta b le  in  a s s o c ia tio n  w ith  e i th e r  the  strom a o r th e  

p ro la m e lla r  body-enriched f r a c t io n s .  However, only about 4^ o f the  phyto

chrome e x tra c ta b le  from the le a v e s  was p re sen t in  a s s o c ia tio n  w ith  th e  

envelope f r a c t io n  and th i s  le d  P r a t t , (197^) and o th e r  workers (P e rs . Comm.) 

to  suggest th a t  th e  phytochrome was p re se n t s o le ly  as  a  so lu b le  contam inant. 

Q uail e t  a l . .  (1976) attem pted  to  show a  c o r r e la t io n  between phytochrome 

and p la s t id s .  On a sucrose d e n s ity  g ra d ie n t th e  s t ru c tu re s  b earin g  th e  bu lk  

phytochrome showed a d i f f e r e n t  sed im en ta tion  behaviour and a  d i f f e r e n t  

isopycn ic  buoyant d e n s ity  from th e  e t io p la s t  membranes which were id e n t i f ie d  

using  caro ten e  id s  as a  p la s t id  marker. However, in  c o n tra s t  to  Evans and 

Smith, ( 1976b) and Cooke and Kendrick, (1976), Q uail e t  a l . , (1976) used a  

crude p e l l e t  fo llow ing  c e n tr ifu g a tio n  of an homogenate and n o t a  f u r th e r  

p u r if ie d  p la s t id  f r a c t io n .  There was th e re fo re  mounting evidence th a t  

phytochrome was p re sen t in  a s s o c ia tio n  w ith  e t io p la s t s  and th a t  i t  was in
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ex c lu s iv e  a s s o c ia tio n  w ith  the  envelope membranes. The photoconversion  of 

e t io p la s t - a s s o c ia te d  phytochrome to  P f r  r e s u l te d  in  in c reased  le v e l s  o f 

m ethano l-ex trac  ta b le  GA-LS (Evans and Smith 1976a; Cooke and K endrick, 

1976) .  When red  l i g h t - t r e a t e d  e t io p la s t  suspensions were subsequen tly  

c e n tr ifu g e d  a t  6,000g and GA-LS e x tra c te d  from bo th  the  6kS and 6KP f r a c 

t io n s ,  th e  m a jo rity  (approxim ately  80^) o f th e  re d  lig h t-m e d ia te d  in c re ase  

in  GA le v e l s  was p re sen t in  th e  6KS f r a c t io n s  (Evans and Sm ith 1976a;

Cooke and Kendrick, 1976). These r e s u l t s  le d  Evans and Smith, and Cooke 

and K endrick to  p o s tu la te  th a t  phytochrome was having an e f f e c t  on th e  

p e rm eab ility  o f th e  e t io p la s t  envelope membranes w ith  re s p e c t to  GA-LS. 

Evans and Smith (1976a) proposed th a t  th e  photoconversion o f P r to  P f r  by 

red  l i g h t  r e s u l t s  in  an e f f lu x  o f g ib b e re l l  in s  ou t o f th e  p la s t id s  r e s u l t 

ing in  in te rn a l  d e p le tio n  which in  tu rn  s tim u la te s  b io sy n th e s is  v ^  re le a s e  

from a  feed-back  in h ib i t io n  mechanism. The a l te r n a t iv e  ex p lan a tio n , 

i n i t i a l l y  advanced by Cooke and Saunders, (1975), was th a t  th e  in c reased  

b io lo g ic a l  a c t i v i ty  r e f l e c t s  re le a s e  from a  * bound * form (a ttachm ent to  

e i th e r  p ro te in s  o r  membranes) w ith in  th e  p la s t id s  and in  t h i s  case  th e  

e f f e c t s  upon envelope p e rm eab ility  would be a  secondary c o r re la te d  p rocess 

f a c i l i t a t i n g  e ff lu x  o f th e  re le a se d  g ib b e re l l  in s .  Both Evans and Smith, 

(1976a ) and Cooke and K endrick, (l976 ) perform ed so n ic a tio n  tre a tm e n ts  on 

i s o la te d  e t io p la s t s  and compared th e  le v e l s  of GA-LS subsequently  e x tr a c t -  

ab le  w ith  those  e x tra c ta b le  from re d  l i g h t - t r e a t e d  suspensions. Evans and 

Smith ( 1976a) re p o rte d  th a t  the  le v e l s  o f GA-LS subsequently  e x tra c ta b le  

were s im ila r  bu t Cooke and Kendrick (1976) re p o rte d  th a t  s ig n i f ic a n t ly  

h ig h e r le v e ls  of GA-LS could be e x tra c te d  from re d  l i g h t - t r e a te d  e t io p la s t s ,  

Cooke and Kendrick (1976) suggested , th e re fo re , th a t  red  l i g h t  was having 

more than  one e f f e c t  on th e  e t io p la s t  p re p a ra tio n s  and th a t  th e re  was th e  

p o s s ib i l i ty  o f an e f f e c t  of red  l i g h t  on th e  m etabolism of GA's w ith in  the  

e t io p la s t s .  They in v e s tig a te d  t h i s  hypo thesis  by comparing th e  le v e l s  of
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a c id ic  and n o n -ac id ic  e th y l-a c e ta te -s o lu b le  GA-LS p re sen t in  e t io p la s t  sub

f r a c t io n s .  N on-acidic e th y l-a c e ta te - s o lu b le  GA-LS p re sen t in  d a rk -m a in ta in 

ed e x tr a c ts  were converted  by re d  l i g h t  to  a c id ic  e th y l-a c e ta te - s o lu b le  

GA-LS and t h i s  response was e x c lu s iv e ly  a s so c ia te d  w ith  th e  envelope 

membrane-enriched f r a c t io n s .  The f a r - r e d  re v e rs a l  o f t h i s  response  was n o t 

dem onstrated and th e re fo re  the  involvem ent o f phytochrome can s t i l l  be 

questio n ed . However, i t  seemed l i k e l y  th a t  bo th  th e  phytochrome-mediated 

response and th e  phytochrome i t s e l f  were lo c a l iz e d  in  a s s o c ia tio n  w ith  the  

envelope membranes of th e  e t io p la s t s .

Since I 967 , when Hendricks and Borthwick f i r s t  suggested th e  involvem ent of 

membranes in  th e  prim ary a c tio n  o f phytochrome, many experim ents have, 

d i r e c t ly  o r in d i r e c t ly ,  dem onstrated phytochrom e-induced changes in  mem

brane p ro p e r t ie s .  The e t io p la n t  system d e sc rib ed  was th e re fo re  an o th er 

example o f such a  mechanism.

In  1977, Quail c r i t i c a l l y  review ed bo th  b iochem ica lly , and w ith  th e  use o f 

e le c tro n  microscopy, th e  W ellbum and W ellbum  (1971) Sephadex G-50 (co a rse ) 

ge l f i l t r a t i o n  technique f o r  th e  is o la t io n  o f e t io p la s t s .  He concluded th a t  

th e re  was a  h igh  contam ination o f th e  e t io p la s t s  by m itochondria and th a t  

the  phytochrome p re se n t in  a s s o c ia t io n  w ith  th e  column e lu a te  was p re sen t 

so le ly  a s  a  so lu b le  contam inant running in  th e  void  volume o f th e  column.

As p rev ious experim ents on th e  phytochrome c o n tro l of GA-LS in  e t io p la s t s  

r e l ie d  upon th e  is o la t io n  of e t io p la s t s  by t h i s  method, th e  whole a u th en t

i c i t y  of th i s  response was now sev e re ly  q u estio n ed .

The in te r e s t  in  th e  e f f e c t s  o f l i g h t  on the  GA co n ten t of p la n ts  d a te s  back 

to  the f in d in g s  o f Lockhart (1956, 1958 a  and b ) and L ockhart and Deal ( I 960) . 

They showed th a t  GA trea tm en t preven ted  the in h ib i t io n  o f stem growth by l i g h t  

in  seed lin g s  of a number of sp ec ie s  in c lu d in g  pea, bean, cucumber and pumpkin.
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In  pea see d lin g s  th e  q u estio n  o f l i g h t  in h ib i t io n  was lin k e d  to  dwarfism 

s in ce  Sale and Vince ( I 960) and S o r te r  ( I 96I  ) found th a t  dwarfism in  t h i s  

sp ec ie s  i s  determ ined by l i g h t ;  in  the  dark  a l l  v a r i e t i e s  a t t a in  a  s im ila r  

h e ig h t whereas in  th e  l i g h t  th e  dwarf v a r i e t i e s  a re  more in h ib ite d  th an  th e  

t a l l  ones. P rev io u s ly , B rian  and Hemming (1955) and B rian  (1957) had 

re p o rte d  th a t  GA could  c o u n te rac t dwarfism in  lig h t-g ro w n  pea se e d lin g s , 

L ockhart (1959, 19&1, 19&4) concluded th a t  stem e lo n g a tio n , in  sp e c ie s

where GA re v e rse s  l i g h t  in h ib i t io n ,  i s  re g u la te d  by l i g h t  through some e f f e c t  

on GA m etabolism probably  in v o lv in g  decreased  b io sy n th e s is  o r in c reased  

d e s tru c t io n . L a te r  work by Roesel and Haber, 1964; Vince 196?; R ussell 

and G alston , I 968) showed th a t  th e  re v e rs a l  o f l i g h t  in h ib i t io n  o f stem 

e lo n g a tio n  by GA i s  n o t com plete. There a re ^ th e re fo re ,v e ry  complex r e l a t i o n 

sh ip s  between GA e f f e c t s  and l i g h t  in h ib i t io n  of growth a n d ^ it i s  n o t 

s u rp r is in g  th a t  a  sim ple, c o n s is te n t  r e la t io n s h ip  between l i g h t  and GA con

te n t  has no t y e t been re p o rte d .

Kende and Lang, (1964) and Jones and Lang, ( I 968) were unable to  f in d  d i f f e r 

ences in  GA-like a c t i v i t y  e x tra c ta b le  from l ig h t - o r  dark-grown t a l l  and 

dwarf pea v a r ie t i e s .  They a lso  found th a t  lig h t-g ro w n  dwarf pea see d lin g s  

d id  n o t respond to  t h e i r  own endogenous GA's. In  c o n tra s t  to  th e se  re s u lts ^  

KBhler ( I 965, 1970, 1971) found th a t  lig h t-g ro w n  pea see d lin g s  con ta ined  sub

s t a n t i a l l y  more GA than  dark-grown ones and th a t  dwarf se e d lin g s  con ta ined  

more than  t a l l  seed lin g s . KbhLer (1971) a lso  found evidence to  suggest more 

ra p id  GA metabolism in  the  fa s te r-g ro w in g  se e d lin g s . O ther workers have 

a lso  found evidence o f f a s t e r  metabolism of GA's in  dark-grown than  l ig h t- ^ o w n  

se e d lin g s  (Musgrave and Kende,1970; R ailto n , 1974 e t  a l . , 1974; S to d d a rt e t  a l . ,  

1974) .  In  c o n tra s t  to  th e  s i tu a t io n  in  pea see d lin g s  much le s s  GA-like 

a c t i v i ty  was e x tra c ta b le  from seed lin g s  of Phaseolus coccineus grown in  a  

16 hour photoperiod than  from the corresponding  dark-grown c o n tro ls  (Brown
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e t  a l . , 1967; G rozier and Audus, I 968) .  A lso ,th e  m etabolism of GA i s  

d i f f e r e n t  in  P. co io in e u s ; C^HlGA^ i s  m etabolized  f a s t e r  in  lig h t-g ro w n  

than  in  dark-grown p la n ts  (Brown e t  a l . , 196?). In te ra c tio n s  between l i g h t  

and GA's g iv in g  more u n if ie d  r e s u l t s  a re  th e  e f f e c t s  of sh o rt-te rm  i r r a d i a t 

io n s  w ith  re d  l i g h t .  B r ie f  exposure o f l e t tu c e  seeds (K bhler, I 966) , app le  

seed embryos (Smolenska and Lewak, 1971) e t io la te d  b a rle y  l e a f  s e c tio n s  

(Reid e t  a l . ,  I 968) , e t io la te d  wheat l e a f  s e c tio n s  (Beevers e t  a l . . 1970) 

and e t io la te d  pea seed lin g s  (Neskovic and K onjevic, 1974 ) to  re d  l i g h t  

causes a  t r a n s ie n t  in c rease  in  th e  ex trac  ta b le  GA-like a c t i v i ty .  The re d  

l i g h t  m ediated in c re a se  in  GA-like a c t i v i t y  in  le a v e s  has been suggested  

to  be due to  a phytochrome-mediated re le a s e  o f GA from th e  e t io p la s t s  

(Cooke e t  a l . , 1975» Evans and Sm ith, 1976).

T his th e s i s  p re se n ts  d e ta i le d  experim ents designed  to  study  f u r th e r  th e  

ro le  o f phytochrome in  th e  m ediation of e t io p la s t- a s s o c ia te d  g ib b e re l l in  

le v e l s .  In fo rm ation  i s  a lso  p resen ted  from experim ents designed to  study 

th e  ro le  of phytochrome in  th e  m ediation of GA le v e l s  in  p la s t id  f r a c t io n s  

is o la te d  from lig h t-g ro w n  p la n ts .



C hapter 2 

Experim ental d e ta i l s
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(a )  P rep a ra tio n  o f p la n t m a te ria l

(1) Dark-grown

S eed lings of Hordeum vu lg are  L. cv. J u l i a ,  1976 (S tevens, Shardlow, 

D erbysh ire , England and Rothwell P la n t B reeders, L in co ln , England) were 

grown in  m oist v e rm ic u lite  a t  24°C in  t o t a l  darkness f o r  6 days (excep t 

where s ta t e d ) .

(2 ) L ig h t“grown

S eed lings of Hordeum vu lgare  L. (a s  above) were grown a t  th e  U n iv e rs ity  o f 

York in  m oist v e rm ic u lite  f o r  6 days (excep t where s ta te d )  in  a  l6h  photo

p e rio d  a t  20^0. P h i l l ip s  warmwhite co lo u r 29 f lu o re s c e n t tu b es  prov ided  a
-2  -1photon flu en ce  r a te  o f 20 pmol m s

S eed lings of T riticum  aestivum  L. cv. M aris Dove, 1978 (Dickson, Brown and

T a it ,  A ltringham , England) were grown f o r  7 days in  Levington U niversal

compost in  a  l6h photoperiod  a t  20°C w ith  a  photon fLuence r a t e  of 75 jumol 
-2  -1m s . The s p e c tra l  energy d is t r ib u t io n  o f th e  a r t i f i c i a l  l i g h t  source 

i s  shown in  F ig . 1, page 25.

Seed lings of S p inacia  o le ra c ia  L. Hybrid 102 (Y ates and Co., A u s tra lia )

were grown a t  the  U n iv ers ity  of York in  m oist v e rm ic u lite  f o r  2 weeks in  a

12h photoperiod  a t  25°C (20°C n ig h t tem pera tu re) w ith a  photon flu en ce  r a te  
-2  -1of 20 umol m s  ,provided by P h i l l ip s  warmwhite co lo u r 29 f lu o re s c e n t 

tu b e s . The seed lin g s  were tr a n s fe r r e d  to  an a e ra te d  n u t r ie n t  so lu tio n  con

ta in in g  6mM KNO ;̂ ImM KH^PC^; 4mM MgClg.6HgO; 46pM H^BO^; 0.32jiM CuSOj .̂ 

5HgO; 1 .2 ;jM HaMo0^.2Hg0; 4mM Ca(NO^)g; 2mM MgSO ĵ 9nM MnCl^;

0,76;jM ZnS02^.7H2^* 24pM NaFeEDTA f o r  a  f u r th e r  two weeks. During th e  sub

sequent 3 weeks th e  seed lin g s  were m aintained in  l iq u id  c u ltu re  in  a  g reen

house a t  21-23°C w ith  an 8 .5h pho toperiod . P la n ts  were h a rv ested  7 weeks 

a f t e r  sowing.
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(b) L ig h t so u rces

The re d  l i g h t  source co n s is te d  of fo u r  'warm w h ite ' 15W f lu o re s c e n t tu b es , 

f i l t e r e d  through one la y e r  of No. 14 Ruby Cinemoid and one la y e r  No. 1 

Yellow Cinemoid (Rank S trand  E le c t r ic ,  Kingsway, London, England). The 

r e s u l t in g  photon flu en ce  r a te  was 2 .3  JMol m ^s"^ a t  th e  sample su rfa c e .

The source o f f a r - r e d  l i g h t  c o n s is te d  o f fo u r  250W s in g le  c o i l  tu n g s ten  

bu lbs f i l t e r e d  through 10cm of running  w ater, one la y e r  of No. 5A Deep 

Orange Cinemoid and one la y e r  of No. 20 Deep Blue Prim ary Cinemoid. The 

photon flu en ce  r a te  a t  th e  sample su rface  was 4 .6  pmol m ^s S a fe - l ig h ts

c o n s is te d  o f e i th e r  one 40¥ incandescen t bulb  o r one 20W f lu o re s c e n t tube 

f i l t e r e d  through two la y e r s  o f No. 39 Prim ary Green Cinemoid. S p ec tra l 

energy d is t r ib u t io n s  of the l i g h t  sources and sa fe  l i g h t s  a re  shown in  F ig s . 

2 (a ) , (b) and (c ) ,  page 2 6 .

(c ) L ig h t trea tm en ts

Except where s ta te d , o rg an e lle  suspensions were i r r a d ia te d  w ith  re d  l i g h t  

f o r  5 min. During th e  subsequent 5 min they  were e i th e r  re tu rn e d  to  dark

ness o r i r r a d ia te d  w ith  f a r - r e d  l i g h t .  C ontro l suspensions were m aintained 

in  darkness fo r  the  e n t i r e  trea tm en t p e rio d . A ll tre a tm en ts  were performed 

a t  24°C.

(d) I s o la t io n  of o rg an e lle  f r a c t io n s

H arvesting and a l l  subsequent procedures were perform ed a t  2 -  4°C under a  

dim green s a f e - l ig h t  excep t where s ta te d .

( l )  Dark-grown p la n t m a te ria l

( l . l )  P rep a ra tio n  of th e  crude p la s t id  p e l l e t

80g f r e s h  weight lam inae segments of Hordeum v u lgare  L. were f in e ly  chopped 

w ith  a  ra z o r  b lade and g e n tly  homogenized in  a  p e s t le  and m ortar in  25mM 

MOPS co n ta in ing  3inM EDTA (di-sodium  s a l t ) , l4mM 2-m ercaptoethanol and 250mM
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sucrose  a d ju s te d  to  a  f i n a l  pH o f 7»5« A t i s s u e  to  b u ffe r  r a t i o  of 1*2

(w/v) was used. The homogenate was g e n tly  exuded through tw elve la y e r s  of

m uslin . The r e s u l ta n t  f i l t r a t e  had a  pH o f 7* 1 which was m aintained

throughout the  is o la t io n  procedure. The f i l t r a t e  was cen tr ifu g e d  a t  6,000g

f o r  1 min. in  a S o rv a ll model RGB-2 Superspeed c e n tr ifu g e  and the  6KP
3

f r a c t io n s  were re-suspended in  5 c® i n i t i a l  e x tra c t io n  b u ffe r .

( 1 . 2 ) Sephadex G-50 (co arse ) gel f i l t r a t i o n  I^G-50 method^

A m o d ifica tio n  of the  W ellbum and W ellbum  (1971) ge l f i l t r a t i o n  tech n iq u e,

d esc rib ed  by Evans (1975), was used to  i s o la te  e t i o p l a s t s .  In  b r i e f ,  a  crude
3

p la s t i d  p e lle t^  approxim ately 5 cm in  volume^ was loaded  on to  a  lo o s e ly -  

packed Sephadex G-50 (co a rse ) g e l f i l t r a t i o n  column 50 cm long  and 1 .1  cm 

in  d iam eter. The Sephadex G-50 (co a rse )  had been p rev io u s ly  expanded over

n ig h t a t  3“4°G in  is o la t io n  b u f fe r .  F ra c tio n s  0 .5  cm^ in  volume were e lu te d  

from th e  column w ith e x tra c tio n  b u f f e r .  B efore l ig h t- t r e a tm e n t  th e  o rg a n e lle -

co n ta in in g  f r a c t io n s  e lu t in g  from th e  column were pooled. The r e s u l ta n t
3

o rg an e lle  suspension was approxim ately  9 cm in  volume.

( 1 .3 ) P ost G-50 sucrose c e n tr ifu g a tio n  
3

1 cm a liq u o ts  of th e  pooled G-50 o rg a n e lle  suspensions were lay e red  on to

an equal volume of 20^ (w/v) sucrose and c en tr ifu g e d  in  an MSE bench

c e n tr ifu g e  a t  approxim ately 5OO g f o r  1 o r  1 .5  min. Follow ing a  1 min.

c e n tr ifu g a tio n , the  0.5KP f r a c t io n s  d e riv ed  from se p a ra te  a l iq u o ts  were r e -
3

suspended in  approxim ately 9 cm o r ig in a l  e x tra c t io n  b u ffe r  and used a s  an

e tio p la s t- e n r ic h e d  o rg an e lle  suspension . The 0.5KS f r a c t io n s  rem aining

a f t e r  a  I .5  min. c e n tr ifu g a tio n  were f u r th e r  c e n tr ifu g e d  a t  27,000g f o r  10

min. in  a  Sorval model RGB-2 Superspeed c e n tr ifu g e . The 27KP f r a c t io n s  were
3

re-suspended in  approxim ately 9 cm o r ig in a l  e x tra c t io n  b u ffe r  and used as 

a  m ito ch o n d ria l-en rich ed  o rg an e lle  suspension . Sucrose s o lu tio n s  were 

p repared  in  o r ig in a l  e x tra c tio n  b u ffe r  minus su cro se .
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(1 .4 )  D iscontinuous sucrose  d e n s ity  g ra d ie n t c e n tr ifu g a tio n
3

A crude p la s t id  p e l l e t ,  approxim ately  5 cm in  volume, was la y e re d  on to  a  

d isco n tin u o u s  sucrose  d e n s ity  g ra d ie n t o f 7*5 cm Z5% sucrose  (w /v), 12.0

cm^ 40^ sucrose  (w/v) and 7*5 cm^ 25^ sucrose (w/v) and c e n tr ifu g e d  in  an

SW27 sw ing-out r o to r  in  a  Beckman L2-65B u lt r a c e n tr i fu g e  f o r  20 min. a t  

approxim ately  9,350g. Two f r a c t io n s ,  namely th o se  handing a t  th e  upper i . e .  

the  40^25^ sucrose  in te r fa c e  and th e  low er i . e . t h e  40^/55^ sucrose  i n t e r 

fa c e  were f r a c t io n a te d  from the g ra d ie n t, d i lu te d  w ith  o r ig in a l  e x tra c t io n  

b u f fe r ,  and subsequently  used an th e  o rg an e lle -co n ta in in g  f r a c t io n s .  Each
3

f r a c t io n  was approxim ately  9 cm in  volume. Sucrose so lu tio n s  were p repared  

in  o r ig in a l  e x tra c t io n  b u ffe r  miniis su crose .

A g en era l procedure f o r  the  e x tra c tio n  o f o rg a n e lle  f r a c t io n s  (1 .2 , 1 .3  and 

1 .4 ) i s  shown in  F ig . 3 , page 27.

( 1 . 5 ) The is o la t io n  of ra d io a c t iv e ly - la b e l le d  o rg an e lle  suspensions 

E t io p la s t  suspensions were is o la te d  from th e  f i r s t  le av e s  of Hordeum v u lg are  

L. see d lin g s  fo llow ing  in cu b atio n  in  C^hJ g ib b e re l l in  A^ by a  m o d ifica tio n  

o f the method d esc rib ed  by Leech e t  a l . , (P e rs . Comm.) (see  Experim ental 

D e ta ils  (d) (2 .1 )  page 1 4 ) . Table 1, page 28, shows th e  red u c tio n  in  th e  

a c t i v i ty  o f cytochrome c oxidase , a  m itochondria l membrane m arker enzyme, 

from the  homogenate to  the  re-suspended  e tio p la s t- e n r ic h e d  p e l l e t .  The 

r e s u l t s  suggest th a t  th e  le v e l  o f con tam ination  of th e  e t io p la s t  suspension  

by m itochondria l membranes was very  low (8 .4 ^ ) .

(2 ) Light-grow n p la n t  m a te ria l

(2 . 1) The is o la t io n  of c h lo ro p la s t  suspensions from sm all amounts of l e a f  
m a te ria l

C h lo ro p las t suspensions were is o la te d  from the  f i r s t  le a v e s  o f Hordeum 

vulgare  L. and T riticum  aestivum  L. seed lin g s  by a  m o d ifica tio n  o f the  method 

d esc rib ed  by Leech e t  a l . , (P ers . Comm.) (excep t where s ta te d )  and f in e ly
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chopped w ith  a  ra z o r  b lade  f o r  5 min. in  a  so lu tio n  co n ta in in g  50mM HEPES, 

400mM s o r b i to l ,  and 0.75 mM MgCl^. The pH of th e  f i n a l  so lu tio n  was 

ad ju s ted  to  7 .6 . The homogenate was g e n tly  exuded through e ig h t la y e r s  of 

m uslin and c e n tr ifu g e d  a t  approxim ately  500g in  an MSE bench c e n tr ifu g e  f o r  

5 min. through a  la y e r  of i s o la t io n  b u f fe r ,  th e  d e n s ity  of which had been 

in c reased  by re p la c in g  the  s o rb i to l  w ith  400mM su cro se . The 0.5KP f r a c t io n
3

was re-suspended in  approxim ately  4 cm o r ig in a l  e x tra c tio n  b u ffe r . Table 

2, page 29 , shows the red u c tio n  in  th e  a c t i v i t y  of cytochrome c ox idase, a  

m itochondria l membrane marker enzyme, from the  t o t a l  homogenate to  a  r e 

suspended c h lo ro p la s t  p e l l e t  and su g g ests  th a t  contam ination  of th e  c h lo ro 

p la s t  suspension  by m itochondria l membranes was only 5«8%«

(2. 2 ) The is o la t io n  of c h lo ro p la s t  suspensions from sp inach  le av e s  

C h lo ro p las t suspensions, were is o la te d  from the  le a v e s  of Sp inac ia  o le ra c ia  L. 

by a m o d ifica tio n  o f the  method d esc rib ed  by Cockbum, Walker and B aldry 

( 1968) , using  a  t i s s u e  to  b u ffe r  r a t i o  o f 1*2 (w /v). Laminae, w ithout 

m idribs, were homogenized f o r  2 x 1 sec b u rs ts  in  an Atomix b len d er in  a  

sem i-frozen  s o lu tio n  co n ta in in g  lOmM Na^^gOy. lOH^O, 330mM s o rb i to l  and

5mM M ^ lg , a d ju s te d  to  a  f in a l  pH o f 7 .5 . Sodium iso asco rb a te  was added 

a f t e r  pH ad justm ent to  a  f in a l  c o n ce n tra tio n  of 2mM. The homogenate, a f t e r  

passing  through s ix  la y e r s  of muslin' and two la y e r s  o f 25 nylon c lo th , 

was im m ediately c en tr ifu g e d  from r e s t  to  3,000g and then  to  r e s t  in  an MSE 

18 c e n tr ifu g e  f i t t e d  w ith  a  f a s t  b rake . Unless s ta te d  o th e rw ise , the  r e 

suspended 3KP f r a c t io n s  were washed by c e n tr ifu g in g  a t  500g f o r  15 min. 

through a  la y e r  o f is o la t io n  b u ffe r , th e  d e n s ity  o f which had been in c reased  

by re p la c in g  th e  s o rb i to l  w ith 330 mM su cro se .

(2 . 3 ) The i s o la t io n  of c h lo ro p la s t suspensions from b a rle y  seed lin g s  grown 

under vary ing  phytochrome p h o to e q u ilib r ia

Laminae segments o f Hordeum v u lgare  L. 3 cm in  le n g th  1 cm from the  apex

were homogenized using  a  t i s s u e  to  b u ffe r  r a t i o  o f 1*2 (w/v) w ith  a P o ly tro n



— l6  —

homogenizer model PT 10 20 3500 in  a  sem i-frozen  so lu tio n  co n ta in in g  25mM 

HEPES, 2mM EDTA (di-sodium  s a l t )  and 300 mM su cro se , ad ju s ted  to  a  f in a l  

pH o f 7«5« Sodium iso asc o rb a te  was added, im m ediately p r io r  to  homogenizat

io n , to  a  f i n a l  co n cen tra tio n  of 2mM, The homogenate, a f t e r  pass in g  through 

fo u r  la y e r s  o f m uslin and e ig h t la y e r s  o f m uslin , was c en tr ifu g e d  a t  3,000g 

fo r  1 min. in  an T(BE high-speed  c e n tr ifu g e , m od^ M istra l 6L. The 3KP 

f r a c t io n  was washed in  i s o la t io n  b u ffe r  and re-suspended  in  approxim ately  5
3

cm o f a  so lu tio n  co n ta in in g  25mM HEPES, 330mM. sucrose , 2mM EDTA (di-sodium  

s a l t ) ,  ImM MgClg and ImM MnCl^ a d ju s te d  to  a  f i n a l  pH of 7 .6 .

(e) The is o la t io n  of c h lo ro p la s t envelope membrane p re p a ra tio n s  

Envelope membrane-enriched p re p a ra tio n s  were is o la te d  from S p inac ia  o le ra c ia  

L. c h lo ro p la s ts  by th e  method d esc rib ed  by Mackender and Leech (1970). The 

g en era l procedure i s  o u tlin e d  in  F ig . 4 , page 30. C h lo ro p las t p e l l e t s  

p repared  a s  d esc rib ed  on page 15, d (2 .2 ) ,  were re-suspended in  30 cm 

i s o la t io n  b u ffe r  (from which s o rb i to l  had been om itted) f o r  15 min. a t  0°C. 

The r e s u l ta n t  suspension of ly sed  c h lo ro p la s ts  was homogenized in  a  Ten- 

Broeck ground g la s s  homogenizer by r a i s in g  and low ering  th e  p lunger ra p id ly
3

th re e  tim es. A fte r d i lu t io n  w ith  60 cm in cu b a tio n  b u ffe r , th e  suspension  

was c en tr ifu g e d  a t  3,000g f o r  10 min. in  an MSE 18 high speed c e n tr ifu g e  

and f lo a t in g  m a te ria l removed. The 3KS f r a c t io n  was decanted  and r e 

c e n tr ifu g e d  a t  20,000g f o r  30 min. in  a  Beckman L2-65B u l t r a - c e n tr i fu g e .
3

The 20KP f r a c t io n  was re-suspended in  approxim ately  4 cm is o la t io n  b u ffe r  

and used as  the c h lo ro p la s t envelope membrane-enriched p re p a ra tio n . Samples 

f o r  ch lo ro p h y ll assay  were im m ediately removed and th e  rem ainder of th e  

envelope membrane-enriched p re p a ra tio n  was fro zen  and s to re d  under l iq u id  

n itro g en  f o r  approxim ately 24h.
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( f )  P rep a ra tio n  o f 'so lu b le*  -phytocrome ( f o r  g en era l p rocedure, see 

F ig . 5, page 31)

The 6KS f r a c t io n  ob ta ined  fo llo w in g  th e  f i r s t  6,000g c e n tr ifu g a tio n  a s  o u t

l in e d  on page 12, d ( l . l )  was c e n tr ifu g e d  a t  100,000g in  a  Type 75 T i r o to r  

in  a  Beckman L5-65B u l t r a c e n t r i fu g e  f o r  60 min. A liquo ts  of th e  lOOKS
o

f r a c t io n  ( t o t a l  volume approx im ately  100 cm ) were used a s  's o lu b le ' 

phytochrome.

(g) E stim ation  of phytochrome p e l l e t a b i l i t y

P rep a ra tio n s  o f 's o lu b le ' phytochrome and G-50 o rg an e lle -en rich ed  suspens

ions were brought to  24°G in  a  w ater b a th , and, i f  a p p ro p ria te , mixed by 

p ip e tt in g  p a r t ic u la te  suspensions v ia  a  w ide-bore p ip e t te  in to  's o lu b le '
3

phytochrome p re p a ra tio n s . U sually , 5 cm of th e  p a r t ic u la te  suspension
3

and 10 cm of th e  'so lub le*  phytochrome were used. Pre-m ixed samples were 

i r r a d ia te d  f o r  th e  s ta te d  p e rio d s  and im m ediately c en tr ifu g e d  a t  6,000g 

fo r  1 min. in  a  S o rv a ll model RCB-2 Superspeed c e n tr ifu g e . When samples 

were i r r a d ia te d  se p a ra te ly  p r io r  to  mixing, th e  m ixture was incubated  a t  

24°0 f o r  5 min. b e fo re  c e n tr ifu g a tio n . P e l l e t s  were re-suspended in  2 .5  om  ̂

25mM MOPS b u ffe r , pH 7.5» f o r  phytochrome and p ro te in  assay s .

(h) E stim ation  of the  movement o f so lu b le  substances in to  a  d iscon tinuous 
sucrose d e n s ity  g ra d ie n t

100 )al [^H^ g ib b e re l l in  A, (1 ,2  C^h]  GA^) (6 x 10^ dpm ^  48 Ci m mol”^)

were la y e red  on to  a  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t [s e e  E xperi

mental D e ta i ls ,  page 14, d ( l . 4 ) ]  in  a  so lu tio n  of 25 mM MOPS b u ffe r  to  a
3

f in a l  volume of 5 cm and c e n tr ifu g e d  a t  approxim ately  9 »350g f o r  20 min. 

in  an SW27 sw ing-out r o to r  in  a  Beckman L2-65B u l t r a c e n tr i fu g e .  Radio

a c t iv i ty  recovered  in  samples f r a c t io n a te d  from th e  g%idients fo llow ing  

c e n tr ifu g a tio n  was estim ated  u sing  th e  t r i t iu m  channel of a  Packard T r i Garb 

l iq u id  s c i n t i l l a t i o n  spec trom eter AAA Model 544 using  Brays s c i n t i l l a t i o n
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f l u i d  (Bray, I 96O). The counting  e f f ic ie n c y  v a rie d  between 3%  and 55^»

F ig . 6 ( a ) ,  page 32 , shows th e  d i s t r ib u t io n  of r a d io a c t iv i ty  (fo llo w in g  TLC) 

a sso c ia te d  w ith  th e  [^h] g ib b e re l l in  a p p lie d  to  th e  sucrose d e n s ity  

g ra d ie n t, and (b) th e  d is t r ib u t io n  o f r a d io a c t iv i ty  in  f r a c t io n s  is o la te d  

from th e  sucrose  d e n s ity  g ra d ie n t fo llow ing  c e n tr ifu g a tio n .

The movement of th e  so lu b le  p ro te in s  haem o^obin and c a ta la se  in to  a  d i s 

continuous sucrose  d e n s ity  g ra d ie n t was e stim ated  in  a  s im ila r  manner. 1.5
o o

cm c a ta la s e  ( l  mg cm ) and 0 ,5  cm haemoglobin ( t o t a l  absorbance a t  410nm

approxim ately  2 .0  A u n its )  were la y e re d  on to  a  d iscon tinuous sucrose  dens-
3

i t y  g ra d ie n t in  25 ml MOPS b u ffe r  to  a  f i n a l  volume o f 5 cm . A fte r  

c e n tr ifu g a tio n , haemoglobin was e stim ated  by measurement o f absorbance a t  

4lOnm and c a ta la se  a c t i v i ty  was e stim ated  by th e  method d esc rib ed  by Lttck 

( 1965) in  th e  samples f r a c t io n a te d  from th e  g ra d ie n t. F ig . 7, page 33t 

shows th e  r e s u l t s  ob tained  from th e se  measurements.

( j )  E stim ation  of the  uptake o f [^h 3 g ib b e re l l in  Aq in to  detached le av e s
of Hordeum vu lgare  L. and in to  p la s t id -e n r ic h e d  suspensions sub
seq u en tly  is o la te d

( 1) L ight-grow n p la n ts

Whole shoo ts  of 5 day o ld  (excep t where s ta te d )  Hordeum vu lgare  L . se e d lin g s  

were excised  and incubated  in  a  so lu tio n  co n ta in in g  50mM HEPES, 400mM 

sucrose , 0.75mM MgCl^ pH 7.6 and [^H] g ib b e re l l in  (2 ,3 I? h ] . GA^) (approx. 

43 Ci m mol 19 x 10^ dpm aL ^) to  a  f i n a l  co n cen tra tio n  of 2 .4  x 10 

a t  24°C f o r  24h in  co n stan t l i g h t  (58 >imOl m ^s ^) ( f o r  s p e c tra l  energy 

d is t r ib u t io n  see F ig . 8 , page 3 4 ) . At the  end of the  in cu b atio n  p e rio d , 

p la s t id s  were is o la te d  from th e  le av e s  by a  m o d ifica tio n  o f th e  method 

desc rib ed  by Leech e t  a l . , (P e rs . Comm.) a s  d e sc rib ed  on page 14, d ( 2 . l ) .

The r e s u l ta n t  O.5KP f r a c t io n  was re-suspended  in  approxim ately  4 c iP  o r ig in a l  

e x tra c tio n  b u ffe r .
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(2 ) Dark-grown p la n ts

Whole shoo ts o f 6-day o ld  (excep t where s ta te d )  Hordeum vu lgare  L . see d lin g s  

were excised  and incubated  in  a  so lu tio n  co n ta in in g  25mM MOPS, 3mM EDTA 

(di-sodium  s a l t ) ,  l4mM 2-m ercaptoethanol and P h3 g ib b e re l l in  A^

(2 ,3  P hOgA^) to  a  f i n a l  c o n cen tra tio n  o f 2 .4  x 10 ^^M a t  24°0 f o r  24h in  

complete d a rk n ess . P la s t id s  were is o la te d  from the  sh o o ts  by a  m o d ifica tio n  

o f th e  method d esc rib ed  by Leech e t  a l . , (P e rs . Comm.) a s  d esc rib ed  on page 

14, d ( 2 . l ) .  The i s o la t io n  medium was 25mM M)PS and i ts *  d e n s ity  was

in creased  by in c re a s in g  the  co n cen tra tio n  o f sucrose  from 250mM to
3

The r e s u l ta n t  0.5KP f r a c t io n  was re-suspended  in  approxim ately  4cm o r ig in a l  

e x tra c t io n  b u ffe r .

3
A fte r  l i g h t  tre a tm en t, o rg an e lle  suspensions, approxim ately  2cm in  volume,

3
were la y e re d  on to  a  d iscon tinuous sucrose  d e n s ity  g ra d ie n t of 2,3cm 23^

(w/v) sucrose and 2,3cm^ 55^ (w/v) sucrose , and c e n tr ifu g e d  a t  approxim ately  

9»350g in  &n SW2? sw ing-out r o to r  f o r  20 min. in  a Beckman L2-65B u l t r a 

c e n tr ifu g e  to  sep a ra te  the  r a d io a c t iv i ty  a s s o c ia te d  w ith  the  o rg a n e lle  and
3

the  so lu b le  f r a c t io n s .  A fte r c e n tr ifu g a tio n , 1cm a liq u o ts  f r a c t io n a te d
3

from the g ra d ie n t were d isso lv ed  in  9cm Brays s c i n t i l l a t i o n  f l u i d  (Bray,

i 960) .

GA-LS were e x tra c te d  a s  d escribed  in  F ig . 9 , page 35» and fo llow ing  TLC were

absorbed d i r e c t ly  in to  T ritium  ab so rb er D (F iso n s , Loughborough, England) to
3

a  f in a l  volume of 10cm .

W hole^tissue samples were combusted in  an In te r te c h n iq u e  Oxymat model JA

101 and the  p roducts from the  t r i t iu m  chamber were absorbed d i r e c t ly  in to
3

T ritium  abso rber D to  a  f in a l  volume of 10cm ,

R ad io ac tiv ity  was determ ined using th e  t r i t iu m  channel of a  Beckman l iq u id  

s c i n t i l l a t i o n  coun ter model LS 3133?. The coun ting  e f f ic ie n c y  v a rie d  

between 35^ and 50^»
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(k) S ù b -fra c tlo n a tlo n  of ra d lo a c t iv e ly - la b e l le d  p la s t id  suspensions 

R ad io ac tiv e ly -1 ab e lled  p la s t id -e n r ic h e d  suspensions were su b -fra c tio n a te d  

by a  m o d ifica tio n  of th e  method d esc rib ed  by Mackender and Leech, 1970 (see  

experim ental d e t a i l s ,  page 1 6 (e), and g en era l procedure F ig . 4 , page 3 0 ).

The 3KP f r a c t io n  was used a s  th e  th y la k o id /p ro la m e lla r  body-enriched 

f r a c t io n ,  th e  20KP f r a c t io n  a s  th e  envelope membrane-enriched f r a c t io n
3

and th e  20KS f r a c t io n  a s  th e  so lu b le , s trom a-enriched  f r a c t io n .  1cm
3

f r a c t io n s  were re -d is s o lv e d  in  9cm Brays s c i n t i l l a t i o n  f l u i d  (Bray, I960) 

and th e  r a d io a c t iv i ty  was estim ated  using the  t r i t iu m  channel of a  Beckman 

l iq u id  s c i n t i l l a t i o n  co u n ter model LS 3133?. The counting  e f f ic ie n c y  v a rie d  

between 35% &nd 30f%,

(1 ) Phytochrome measurement

T o tal phytochrome was measured a t  24°G, using  a  P erk in  Elmer I 56 dual wave

le n g th  spectrophotom eter. Calcium carbonate  was used to  in c rease  e f fe c t iv e  

p a th  le n g th  over a  1cm p a th  le n g th  p la s t i c  c u v e tte  u n less  o therw ise s ta te d .  

A c tin ic  and m easuring beams were s e t  a t  660nm and 730mm. A ll samples were 

p r e - i r r a d ia te d  w ith  s u f f ic ie n t  re d  l i g h t  to  e f f e c t  maximum conversion of 

p ro to ch o ro p h y llid e  to  c h io ro p h y llid e  p r io r  to  measurement. A ctin ic  

i r r a d ia t io n s  were of 60 se c . d u ra tio n .

F rac tio n s  is o la te d  from sucrose d e n s ity  g ra d ie n ts  were c e n tr ifu g e d  a t  27»000g 

f o r  10 min. in  a  S o rv all model RGB-2 Super speed c e n tr ifu g e . The 27KP 

f r a c t io n s  were re-suspended in  the o r ig in a l  volume of e x tra c tio n  b u ffe r  in  

o rder to  o b ta in  f r a c t io n s  of s im ila r  sucrose c o n ce n tra tio n s  p r io r  to  phyto

chrome measurement.

The d iffe re n c e  spectrum  of c h lo ro p la s t envelope membrane phytochrome was con

s tru c te d  a t  25°G using a  Shimadzu reco rd in g  spectrophotom eter model UY 3OO.
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(m) Chi o rophy ll assay

C hlorophyll was e x tra c te d  in to  acetone to  a  f i n a l  co n ce n tra tio n  of 80^ (v /v )  

and e stim ated  by the  method d esc rib ed  by Mackinney (1941).

(n) G arotenoid  assay

T otal c a ro ten o id s  were e x tra c te d  in to  acetone to  a  f in a l  co n ce n tra tio n  o f 

80% (v /v ) and e stim ated  a s  o u tlin e d  by D avies, (19?6).

(o) C a ta la se  assay

C atalase  was assayed  by th e  method d esc rib ed  by Lhck (1965).

(p) Cytochrome c oxidase assay

Cytochrome c oxidase was assayed by th e  method d esc rib ed  by Smith (1955).

A ll f r a c t io n s  to  be assayed passed through a t  l e a s t  one c y c le  o f f re e z in g  

and thawing to  e f f e c t  d is ru p tio n  of th e  m itochondria l membranes.

(q) S uccinate  dehydrogenase assay

Succinate dehydrogenase was assayed by th e  method d esc rib ed  by S l a t t e r  and 

Bonner (1952).

( r )  P ro te in  assay

A ll samples were p re c ip a te d  in  10% (v /v ) t r i c h lo r o a c e t ic  an id  a t  0°C f o r  

30 min. and c en tr ifu g e d  in  an MSE bench c e n tr ifu g e  a t  approxim ately  300g 

f o r  5 min. The 0.5KP f r a c t io n s  were washed and re -d is s o lv e d  in  the o r ig in a l  

volume o f 2mM NaOH, and th e  p ro te in  co n ten t determ ined by th e  method 

d escribed  by Lowry e t  a l . , (1951) using  bovine serum albumin a s  a  s tan d a rd .

(s )  E x tra c tio n  and f r a c t io n a t io n  of GA-like substances ( f o r  g en era l 

procedure see F ig . 9, page 35)

A fte r l i g h t  tre a tm en t, a l iq u o ts  of o rg an e lle  f r a c t io n s  were im m ediately
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homogenized in  ic e -c o ld  methanol to  a  f i n a l  co n ce n tra tio n  o f 80% (v /v ) .

A fte r  e x tra c tio n , th e  homogenates were c en tr ifu g e d  a t  2,000g f o r  5 min. in  

an MSE bench c e n tr ifu g e  and th e  2KS f r a c t io n  decanted  and reduced to  th e  

aqueous phase in  vacuo a t  35°C. The aqueous phases were re -d is s o lv e d  in  a  

sim H ax volume o f 0.5M phosphate b u f fe r  pH 8 .5  and p a r t i t io n e d  th re e  tim es 

a g a in s t  equal volumes of r e - d i s t i l l e d  e th y l a c e ta te  a f t e r  which th e  pH was 

low ered to  2 .5  w ith  0.8M HCl.

The pooled organic phases, fo llow ing  s im ila r  p a r t i t i o n  a g a in s t  r e - d i s t i l l e d  

e th y l a c e ta te  a t  low pH, were reduced to  dryness in  vacuo a t  35°G and r e 

d is so lv e d  in  a  sm all volume of r e - d i s t i l l e d  e th an o l : e th y l a c e ta te  1*1 ( v /v ) . 

TLC was perform ed on 0.25mm la y e r s  of s i l i c a  g e l (Macherey-Nagel and Co., 

Duren, Germany) using  chloroform *ethyl a c e ta te * a c e t ic  a c id , 60*40*5 (v /v /v ) 

a s  th e  developing so lv en t which was allow ed to  run  10cm from th e  p o in t of 

sample a p p lic a t io n . A fte r being thoroughly  a i r  d r ie d  a t  room tem peratu re,
3

1cm zones, scraped from th e  TLC p la te s ,  were e lu te d  th re e  tim es in  0.5cm 

r e - d i s t i l l e d  e th a n o l* e th y l a c e ta te , 1*1 ( v /v ) . The pooled e lu a te s  were
3

reduced to  d ryness under a  stream  of n itro g en  and re -d is s o lv e d  in  1cm s t e r 

i l e  w ater p r io r  to  b io assay .

( t )  E stim ation  of GA-like a c t i v i ty

GA-like a c t i v i ty  was estim ated  using  a  m o d ifica tio n  o f th e  Jones and V am er

( 1967) b a r le y  aleurone la y e r  b io assay . H a lf-seed s  o f Hordeum vu lgare  L .cv . 

Himalaya, 1974 (P ro fe sso r J  D Maguire, Washington S ta te  U n iv e rs ity , USA) 

were used. Em bryo-less ha lves of the  b a r le y  seeds were s t e r i l i z e d  f o r  20 

min in  1 % (v /v ) sodium h y p o ch lo rite . At th e  end o f th e  s t e r i l i z a t i o n  p e r

iod  the  h a lf-se e d s  were washed a t  l e a s t  th re e  tim es w ith  s t e r i l e  w ater and

tra n s fe r re d  to  s t e r i l e  f i l t e r  paper in  s t e r i l e  p e t r i  d ish e s  so th a t  th e  cu t 

ends o f the  h a lf -s e e d s  were no t in  c o n tac t w ith  th e  paper, n o r were they  in  

c o n tac t w ith  each o th e r . The h a lf -s e e d s  were imbibed f o r  48h a t  room
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tem pera tu re , ensu ring  th a t  th e  f i l t e r  paper was m oist, h u t no t flooded ,

w ith  s t e r i l e  w ater. At th e  end o f th e  im b ib itio n  p e rio d  te n  s t e r i l e  h a l f -
3

seeds were t r a n s fe r re d  to  s t e r i l e  co n ica l f la s k s  co n ta in in g  0.5cm s t e r i l e
3

O.OIM su cc in a te  b u ffe r  pH 4 .8 , 0.5cm s t e r i l e  0 ,1  M calcium  c h lo r id e , 1 drop 

chloram phenicol (0 .5  mg cm”^ ) and 1 cm^ t e s t  s o lu tio n . C onical f la s k s  were 

incubated  on an o r b i ta l  shaker a t  25°C f o r  24h a t  approxim ately  50 

o s c i l l a t io n s  min A fte r in c u b a tio n , th e  l iq u id  was decan ted , the  h a l f -
3

seeds r in s e d  w ith  2 cm d i s t i l l e d  w ater and th e  combined s o lu tio n s  were 

cen tr ifu g e d  a t  2,000g f o r  5 min. in  an MSE bench c e n tr ifu g e . The 2KS 

f r a c t io n  was used a s  th e  enzyme so lu tio n  and th e  c-am ylase a c t i v i t y  induced 

was e stim ated  using  s ta r c h  a s  th e  s u b s tr a te ,  and io d in e /h y d ro ch lo ric  a c id  

as th e  te rm in a to r of the  r e a c t io n . o-amylase a c t i v i t y ,  induced in  th e  h a l f -  

seeds by the  t e s t  s o lu tio n s , was c a lc u la te d  from th e  absorbance of the 

r e s u l t in g  s o lu tio n s  a t  620nm. F ig . 10, (a ) and (b ) , page 36 , shows th e  

r e s u l t s  ob ta ined  in  the  above b io assay  procedure when s tan d ard  s o lu tio n s  of 

GÂ  were used a s  the  t e s t  s o lu t io n s .

(u) E stim ation  of th e  recovery  of GA-LS fo llo w in g  TLC 

5 p i  E^H] g ib b e re l l in  A  ̂ (1,2E^h].GA^) (6 x lO^cpm p l" ^ ,  48 Ci m mol”^) 

were ap p lied  to  a  TLC p la te  and chromatographed [fo r Experim ental D e ta i ls  

see page 21 ( s ) ] .  Follow ing red u c tio n  to  d ryness under a  stream  of n itro g e n , 

the  e thano l * e th y l a c e ta te  e lu a te s  were re -d is s o lv e d  in  10 cm*'̂  Brays 

s c i n t i l l a t i o n  f lu id  (Bray, I 960) and th e  r a d io a c t iv i ty  estim ated  using  th e  

t r i t iu m  channel of a  Packard T r i-c a rb  l iq u id  s c i n t i l l a t i o n  spectrom eter AAA 

model 544. The counting e f f ic ie n c y  v a rie d  between 35% and 50^« The recovery  

of r a d io a c t iv i ty ,  fo llow ing  TLC, was 77% o f th a t  o r ig in a l ly  ap p lied  to  th e  

th in - la y e r  p la te .

(v) E stim ation  of the  r e l a t iv e  m o b ili t ie s  o f a u th e n tic  GA's fo llow ing  TLC 

A liquo ts of th e  s tan d ard  GA s o lu tio n s , c o n ta in in g  e i th e r  GA ,̂ a  m ixture o f
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GAĵ  and GA^, or GA ,̂ were ap p lied  to  TLC p la te s  and chromatographed a s  

p rev io u s ly  d esc rib ed  [see Experim ental D e ta i ls ,  page 21 ( s ) ] . A fte r  being  

thoroughly  a i r - d r ie d  a t  approxim ately  24°C, the  p la te s  were developed using  

a  so lu tio n  of 5% (v /v ) su lp h u ric  a c id  in  e th an o l and d r ie d  in  an oven a t  

100°C f o r  5 min. The p o s it io n s  o f th e  a u th e n tic  GA's were a sse ssed , b o th  

v is u a l ly  in  d a y lig h t and under u l t r a - v i o l e t  l i g h t .  The r e l a t i v e  m o b il i t ie s  

of th e se  compounds were c a lc u la te d  using  the  fo llo w in g  equation :

R e la tiv e  band speed to  f r o n t  (Rf) = D istance moved by so lv en t f r o n t
D istance moved by X

where X i s  th e  t e s t  compound. E s tim a tio n s  of th e  Rf va lu es  o f a u th e n tic

GA's were perform ed each tim e a  group o f TLC p la te s  was developed.



- 25 -

F ig . 1

S p e c tra l energy d i s t r ib u t io n  of th e  a r t i f i c i a l  l i g h t  source under 

which see d lin g s  o f Hordeum vu lg are  L. were grown.
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F ig . 2 ( a ) ,  (b ) and (c)

S p e c tra l energy d is t r ib u t io n s  o f th e  l i g h t  sources used f o r  th e  

i r r a d ia t io n  o f o rg an e lle  f r a c t io n s ,  and o f a  re p re s e n ta t iv e  green 

s a f e - l ig h t  used throughout th e  course  o f dark-room m anipu la tions.

F ig . 2 (a) re d  l i g h t  source

F ig . 2 (b). f a r - r e d  l i g h t  source

F ig . 2 (c ) green  s a f e - l ig h t
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F ig . 3

General procedure f o r  th e  e x tra c tio n  of o rg a n e lle  f r a c t io n s  from 

e t io la te d  le av e s  o f Hordeum vu lgare  L.
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Table 1

Measurement of cytochrome c ox idase  a c t i v i t y  in  a  t o t a l  l e a f  homo

genate  and a  re-suspended e t io p la s t- e n r ic h e d  p e l l e t  ( 0 . 5KP) a s  an 

in d ic a tio n  of th e  le v e l  o f con tam ination  by m itochondria l membranes.

T otal volumes of f r a c t io n s :

3
Crude homogenate 10 cm

3
E tio p la s t-e n r ic h e d  suspension  2 cm-̂
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Table 2

Measurement o f cytochrome c oxidase  a c t i v i t y  in  a  t o t a l  homogenate 

and a  re-suspended  c h lo ro p la s t-e n r ic h e d  p e l l e t  (0,5KP) a s  an 

in d ic a tio n  o f th e  le v e l  o f con tam ination  by m itochondria l membranes.

T o tal volumes o f f r a c t io n s :

3
Crude homogenate 10 cm

3
C h lo ro p la s t-en rich ed  p e l l e t  2 cm
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F ig . 4

General procedure f o r  the  i s o la t io n  of envelope membrane-enriched 

f r a c t io n s  from p la s t id s  by th e  method d esc rib ed  by Mackender and 

Leech, (1970).
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F % . 5

The p re p a ra tio n  o f 's o lu b le ' phytochrome and G-^0 o rg a n e lle -  

en rich ed  f r a c t io n s  from a  crude homogenate o f the  f i r s t  le av e s  

o f 6 day old Hordeum vu lgare  L. se e d lin g s .

Aliq_uots marked * were used in  subsequent experim ents.
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F i^ . 6 (a ) and (b)

(a) The d i s t r ib u t io n  of r a d io a c t iv i ty  (fo llo w in g  TLC) a sso c ia te d  

w ith  th e  g ib b e r e l l  in  ap p lied  to  a d iscon tinuous

sucrose  d e n s ity  g ra d ie n t.

(b) The movement of g ib b e re l l in  in to  a  d iscon tinuous

sucrose  d e n s ity  g ra d ie n t du ring  c e n tr ifu g a tio n  a t  9 f350g 

f o r  20 min.
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Fig. 7

Movement of th e  p ro te in s  c a ta la s e  and haem o^ohin in to  a  

d isco n tin u o u s sucrose d e n s ity  g ra d ie n t du rin g  c e n tr ifu g a tio n  a t  

9 f350g f o r  20 min.

-  -  -  -  c a ta la s e

-----------  haemoglobin
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F ig . 8

S p ec tra l energy d i s t r ib u t io n  of th e  a r t i f i c i a l  l i g h t  source under 

which whole shoo ts  o f HOrdeum v u lgare  L . were incubated  in  a 

b u ffe red  so lu tio n  c o n ta in in g  P h]  g ib b e re l l in
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F ig . 9

G eneral procedure f o r  th e  e x tra c t io n , f r a c t io n a t io n  and e s tim atio n  

of GA~LS.



80%  ( v / v )  M t h a n o l i c  e x t r a c t

i
r e - d l s a o l v e d  i n  a n  e q u a l  v o lu m e  0 . 5  M 

p h o s p h a t e  b u f f e r  pH  8 . 5

p a r t i t i o n  t h r e e  t i m e s  a g a i n s t  
e q u a l  v o lu m e s  r e - d i s t i l l e d  
e t h y l  a c e t a t eI

p o o l e d  a q u e o u s  p h a s e s  p o o l e d  a l k a l i n e
e t h y l  a c e t a t e  
p h a s e s

p H  a d j u s t m e n t  
t o  2 . 5i

p a r t i t i o n  t h r e e  t i m e s  a g a i n s t  
e q u a l  e o l u m e s  r e - d i s t i l l e d  
e t h y l  a c e t a t e

I
p o o l e d  a q u e o u s  * p o o l e d  a c i d i c

p h a s e s  e t h y l  a c e t a t e
p h a s e s

H e d u o s d  t o  d r y n e s s  s o d  r e  d i s s o l v e d  i n  r e - d i s t i l l e d  e t h a n o l  t  
e t h y l  a c e t a t e  1 1 1  ( v / v ) .

T h i n - l a y e r  c h f f im m to q r e f h y  u s i n g  c h l o r o f o r m  i  e t h y l  a c e t a t e s  
a c e t i c  a c i d ,  5 0  i  4 0  :  5  ( v / v / v )  a s  t h e  d e v e l o p i n g  s o l v e n t .  
S o l v e n t  a l l o w e d  t o  r u n  1 0  cm  f r o m  t h e  p o i n t  o f  s a m p l e  
a p p l i c a t i o n .

1  c m  s e m e s  e l u t e d  f r o m  t h e  Tt£  p l a t e s  w i t h  r e - d i s t i l l e d  e t h a n o l  s 
e t h y l  a c e t a t e .  1 1 1  ( v / v )  a n d  r e d u c e d  t o  d r y n e s s  u n d e r  a  s t r e a m  
o f  n i t r o g e n .

S a m p l e s  r e - d i s s o l v e d  i n  1  c n ^  s t e r i l e  w a t e r  a n d  a s s a y e d  u s i n g  a  
med l f l r a t i o n  o f  t l i e  J o n e s  & V a r n e r  ( 1 9 5 7 )  b a r l e y  a l e u r o n e  l a y e r  
b i o a s s a y .
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F ig . 10 (a )  and (b )

a-am ylase a c t i v i ty  induced in  a  b a rle y  a leu ro n e  la y e r  b io assay  

(Jones and V am er, I 967) when s tan d a rd  s o lu t io n s  o f GÂ  were 

used a s  th e  t e s t  s o lu tio n s .

(The two l in e s  re p re se n t r e s u l t s  ob ta ined  w ith  th e  two d i f f e r e n t  

ba tch es  o f seed used in  th e  experim ents)

(a )  Complete dose-response  curve

(b) Expanded d e ta i l  of th e  working range o f a-am ylase a c t i v i t y .
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Chapter 3

Phytochrome and GA-like sub stan ces  in  p la s t id  f r a c t io n s  is o la te d  

from dark-grown p la n ts .
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(a ) The c h a ra c te r iz a t io n  of o rg a n e lle  f r a c t io n s

As s ta te d  in  th e  General In tro d u c tio n  a l l  th e  p rev ious work on th e  phyto

chrome co n tro l of th e  le v e l s  of m e th an o l-ex trac tah le  GA-like substances 

(GA-LS) in  is o la te d  e t io p la s t  suspensions have been perform ed using  e t i o -  

p la s t  suspensions p repared  by th e  Sephadex G-50 (co a rse ) g e l f i l t r a t i o n  

techn ique of W ellbum and W ellbum , (1971). In  view o f th e  comments of 

Q uail, ( 1977) and o th e r workers (P e rs . Comm.) suggesting  th a t  th e  e t io p la s t s  

p repared  by th i s  method a re  contam inated by m itochondria and, a ls o , t h a t  the  

phytochrome p re se n t in  a s s o c ia tio n  w ith  th e se  p re p a ra tio n s  i s  p re sen t 

s o le ly  as  a  so lu b le  contam inant, i t  was considered  necessary  to  r e - in v e s t -  

ig a te  th e  c h a r a c te r i s t ic s  of the  G-50 column and to  t r y  to  p repare  e t io p la s t  

-en rich ed  suspensions by methods o th e r  than  the  G-50  column. In  th e  absence 

o f adequate e le c tro n  microscope f a c i l i t i e s  i t  was found necessary  to  

c h a ra c te r iz e  th e  o rg an e lle  f r a c t io n s  in  term s of biochem ical marker enzymes.

As s ta te d  by Q uail, (1979), when co n sid erin g  th e  p o s i t iv e  a sp e c ts  of using  

marker enzymes a s  opposed to  using  e le c tro n  microscope d a ta ; (a )  th e  amount

of m a te ria l rep re sen ted  by even 10 to  100 e le c tro n  m icrographs i s  of th e  
3

ord er of 10 le s s  than  th a t  used f o r  a  biochem ical assay  o f a  s u b -c e l lu la r  

f r a c t io n  and (b) g re a t care  i s  needed in  th e  p re p a ra tio n  and p ro cessin g  of 

samples f o r  e le c tro n  microscopy to  ensure th a t  unbiased, s t a t i s t i c a l l y  v a lid  

e le c tro n  m icrographs of the  f r a c t io n s  a re  ob ta ined . When co n sid erin g  

e t io p la s t  f r a c t io n s  i t  i s  n ecessa ry , as  in  o th e r c ase s , to  use a  p o s i t iv e  

marker i . e .  to  lo c a te  th e  f r a c t io n s  en riched  in  th e  p a r t i c u la r  sub- 

c e l l u l a r  component f o r  which th e  a c t i v i t y  i s  a  marker, and a lso , to  use a  

n eg a tiv e  marker, i . e .  to  e s ta b l is h  th e  absence o r low le v e l  of a  p a r t ic u la r  

s u b -c e l lu la r  component in  f r a c t io n s  enriched  f o r  o th e r  o rg a n e lle s . There

fo re , as  m itochondria have been suggested  to  be th e  main contam inant o f 

e t io p la s t  f r a c t io n s ,  to t a l  e x tra c ta b le  ca ro ten o id s  were used as a  p o s i t iv e  

marker fo r  the  id e n t i f ic a t io n  of e t io p la s t  membranes and cytochrome c o x id ase /



- 38 —

su cc in a te  dehydrogenase a c t i v i t i e s  were used a s  neg ativ e  marker enzymes to  

a ss e ss  th e  contam ination  of th e  e t io p la s t- e n r ic h e d  f r a c t io n s  by mitochon

d r ia l  membranes. C arotenoids have been used a s  markers f o r  e t io p la s t  

membranes by sev e ra l workers ( Q uail e t  a l . , 1976; J e s a i t i s  e t  a l . ,  1977; 

Ray, 1977) &s indeed have cytochrome c oxidase (Cooper and Beevers, 19^9;

B a t t  and V enis, 1976; H endricks, 1977; B enveniste  e t  a l . , 1978) and 

su cc in a te  dehydrogenase (Lee, 1977; Sparace and Moore, 1979) been used f o r  

m arker enzymes f o r  m itochondria . These enzymes were th e re fo re  used ro u t

in e ly  in  th e  subsequent c h a ra c te r iz a t io n  o f e tio p la s t- e n r ic h e d  f r a c t io n s .

(1 ) Sephadex G-50 (co arse ) g e l f i l t r a t i o n . [F or Experim ental D e ta ils
see page 13, (d) 1 . 2 ]

The G-50 e lu t io n  p r o f i l e  of W ellbum  and W ellbum  ( l9 7 l)  shows th re e  peaks 

o f (F ig . 11, page 44 ). The f i r s t  was claim ed to  correspond to  in ta c t

p la s t id s ,  th e  second to  in ta c t  p la s t id s  and m itochondria , and a  th i r d  to  

broken p la s t id s .  In  c o n tra s t ,  th e  G-50 method p r o f i le s  obtained  by Evans 

and Smith, (1976a) and in  t h i s  work, (F ig s . 12 and 13, p ag es45 and 46) show 

only s in g le  e lu t io n  peaks. F ig . 14, page 47 , shows the  p r o f i le s  o f e x t r a c t -  

ab le  ca ro ten o id s  and cytochrome c o x id a se /su cc in a te  dehydrogenase a c t i v i t 

ie s  measured through a G-50 column e lu a te . The ca ro ten o id s  and th e  m ito

ch o n d ria l marker enzymes have s im ila r  e lu t io n  c h a r a c te r i s t i c s .  The 

percen tage  recovery  of th e se  m arkers in  a  pooled G-50 e lu a te  compared to  

t h a t  of the  i n i t i a l  cm de p la s t id  p e l l e t  i s  shown in  Table 3 , page 48. The 

d a ta  suggest th a t  e t io p la s t s  a re  p u r if ie d  to  a  s im ila r  e x te n t fo llow ing  

passage of a  crude p la s t id  p e l l e t  through a  G-50 column and c lo se ly  agree 

w ith  those  o f Q uail, (1977). They support h is  conclusion  th a t  e t io p la s t  

suspensions p repared  by the  G-50 method have a  s ig n if ic a n t  le v e l  of 

m itochondria l contam ination . Both Evans and Smith, (1976a) and Q uail, (1977) 

have shown the  e lu t io n  p r o f i le  of sp ec tro p h o to m e tr ica lly -d e te c tab le  

phytochrome to  be c lo se ly  s im ila r  to  th a t  of ^̂ jSO through a  G-50
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column e lu a te . S im ila r  r e s u l t s ,  showing a  s in g le  e lu t io n  peak, have been 

ob ta ined  in  t h i s  work ( f ig .  15, page 4 9 ) .  However, Q uail, (1977) was 

unable to  measure phytochrome sp ec tro p h o to m etr ica lly  in  a  re-suspended 

o rg a n e lle  p e l l e t  he ob ta in ed  a f t e r  f u r th e r  low speed c e n tr ifu g a tio n  of 

pooled G-50  e lu a te  f r a c t io n s .  He suggested  th a t  th e  phytochrome was p re sen t 

in  th e  G-50  e lu a te  s o le ly  a s  a  so lu b le  contam inant running in  th e  void  

volume of the  Sephadex G-50  column and th a t  no p e l le ta b le  phytochrome was 

p re se n t. In  c o n tr a s t ,  th roughout t h i s  w ork,sm all amounts of phytochrome 

have been d e te c ta b le  in  bo th  the  6KS Lz x  10 6  (6  A) ] and th e  6KP, o rg a n e lle -  

co n ta in in g  f r a c t io n  Cl.5 x 10 A (& ^ ] fo llo w in g  c e n tr ifu g a tio n  o f th e  pooled 

e lu a te  a t  6,000g f o r  1 min. These r e s u l t s  suggest t h a t  a t  l e a s t  p a r i  of th e  

t o t a l  G-50  e lu a te  phytochrome i s  t r u ly  o rg a n e lle -a s so c ia te d  (43^), d e sp ite  

a  la rg e  p ro p o rtio n  (57%) being  non o rg a n e lle -a s so c ia te d  o r so lu b le  as 

suggested  by Q u a il, (1977). Kraack and S p ru it ,  (P ers . Comm.) have a lso  

been ab le  c o n s is te n t ly  to  measure p e l le ta b le  o r o rg a n e lle -a s so c ia te d  phyto

chrome in  G-50  f r a c t io n s  is o la te d  from e t io la te d  maize le a v e s , bo th  in  

complete darkness and under dim green  s a f e - l ig h t .  T heir d a ta  support the  

o b serv a tio n s  t h a t  p e l le ta b le  phytochrome i s  p re se n t in  a s s o c ia tio n  w ith 

o rg an e lle  suspensions is o la te d  by th e  G-50 method.

The d iscrepancy  between th e  r e s u l t s  ob ta ined  by Kraack and S p ru it (P ers . 

Comm. )  ̂Q uail (1977) and those  p re sen ted  here may be due to  th e  e r ro r s  

involved  in  th e  sp ec tropho tom etric  measurement o f phytochrome. There a re  

re p o r ts  o f c o n s id e ra b le * v a r ia tio n  between phytochrome measurements when 

Mg^  ̂ an d /o r Ca^^ a re  p re se n t in  th e  sample. A lso, s o lu tio n s  of vary ing  

tu r b id i ty  show very  marked d if fe re n c e s  in  A ( A A )  read in g s  (Watson, P e rs . 

Comm.) . As CaCO  ̂ was used to  in c rease  e f f e c t iv e  p a th len g th s  in  th e  c u v e tte s  

and the  s o lu tio n s  were o f vary ing  tu r b id i ty  (presum ably due to  vary ing  

numbers of p la s t id s  p e r  sample) e i th e r^ o r  a  com bination^of th ese  f a c to r s  may 

have produced th e  d if fe re n c e s  between read in g s . Throughout t h i s  work i t  has
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proved v i r t u a l ly  im possib le  to  produce balance  sh ee ts  of phytochrome 

measurements when comparing the phytochrome co n ten ts  of crude f r a c t io n s ,  

p u r i f ie d  o rg an e lle  p e l l e t s  and th e  corresponding  su p ern a tan t f r a c t io n s .  In  

consequence, d i lu t io n s  were perform ed f o r  each  sample and the  maximum 

read in g  ob ta ined  was tak en  a s  th e  phytochrome co n ten t of a  

p a r t i c u la r  f r a c t io n .  An example of phytochrome measurements th rough G-50 

e t io p la s t  p u r i f ic a t io n  i s  shown. in  Table 4 , page 50 . I t  i s  th e re fo re  

extrem ely d i f f i c u l t  to  compare phytochrome measurements between d i f f e r e n t  

sam ples. However, th e  r e s u l t s  p resen ted  here  and those  of Evans through

ou t h e r  work a re  in  c lo se  agreem ent. This i s  probably  due to  th e  very  

c lo se  s im i la r i ty  o f th e  experim ental tech n iq u es  and measuring c o n d itio n s . 

In  o rder to  reduce th e  e r r o r  in  phytochrome measurements due to  vary ing  

numbers of p la s t id s  p e r  sample, ^ (û^A)  read in g s  were norm ally expressed 

on a  p ro te in  b a s is .  In  r e t ro s p e c t ,  measurements could have been expressed 

in  term s of to t a l  e x tra c ta b le  ca ro ten o id s  p e r sample,

( 2 ) Post-G-50 sucrose  c e n tr ifu g a tio n  jsee Experim ental D e ta ils  page

13 (d) (1 .3 )

The 0.5KP and 27KS f r a c t io n s  ob ta ined  fo llow ing  c e n tr ifu g a tio n  of equal 

volumes o f pooled G-50  e lu a te s  through a b u ffe re d  so lu tio n  o f 20% sucrose 

ex h ib ite d  very d i s t i n c t  c h a r a c te r i s t ic s  in  term s o f marker enzymes and of 

sp ec tro p h o to m e tr ica lly -d e te c tab le  phytochrome when compared w ith  th e  

a c t i v i t i e s  of th e  pooled G-50 e lu a te .  The e t io p la s t- e n r ic h e d  f r a c t io n  con

ta in e d  45% of th e  t o t a l  e x tra c ta b le  c a ro ten o id s , 12.5% of th e  t o t a l  measure- 

a b le  phytochrome C0 .5  x 10 ^ A ( ù  A)] and no d e te c ta b le  cytochrome c 

oxidase a c t i v i ty .  The m ito ch o n d ria l-en rich ed  f r a c t io n  con tained  14% of 

th e  t o t a l  e x tra c ta b le  ca ro ten o id s , 44% of th e  t o t a l  m easureable phyto

chrome [ 1.75  X 10 ^ A ( A A ) ]  and 97% of the cytochrome c oxidase a c t i v i ty  

(Table 5» page 51). I t  was th e re fo re  p o s s ib le , by t h i s  method, to  o b ta in  an 

e tio p la s t- e n r ic h e d  suspension  co n ta in in g  m easureable amounts of phytochrome
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bu t no d e te c ta b le  cytochrome c oxidase a c t i v i t y  ( in d ic a tin g  th e  absence of 

m itochondria l contam ination)^and a  se p a ra te  f r a c t io n  en riched  w ith  

m itochondria .

(3) D iscontinuous sucrose  d e n s ity  g ra d ie n t c e n tr ifu g a tio n  
L For Experim ental D e ta i ls  see pa^e 14. (d ) 1 .4  ]

The e lu t io n  p r o f i l e  ob ta ined  a f t e r  th e  c e n tr ifu g a tio n  o f a  crude p la s t id  

p e l l e t  through a  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t shows two peaks of 

e x tra c  ta b le  c a ro ten o id s  (F ig . l 6 , page 52), one a t  th e  25%/40% sucrose 

in te r fa c e  w ith  h igh  a s so c ia te d  cytochrome c oxidase a c t i v i ty  and an o th er 

a t  th e  40%/55% sucrose  in te r fa c e  w ith  no a s s o c ia te d  cytochrome c oxidase 

a c t i v i ty .  F ig . 17, page 53, shows the d is t r ib u t io n  of phytochrome ex p ress

ed in  ab so lu te  u n i ts  (a)^ and a lso  th e  s p e c if ic  a c t i v i t y  ( b ) , through a 

sucrose  d e n s ity  g ra d ie n t. A la rg e  p ro p o rtio n , (approxim ately  40%) of th e  

to t a l  phytochrome recovered  from the  g ra d ie n t i s  n o t o rg a n e lle -a s so c ia te d  

( i . e .  i s  so lu b le ) , and rem ains on top  of the  g ra d ie n t . A la rg e  p ro p o rtio n  

of th e  phytochrome p assin g  in to  th e  g ra d ie n t i s  a s so c ia te d  w ith  th e  upper 

banding f r a c t io n  b u t a  sm all amount i s  a s so c ia te d  w ith  the  low er banding 

f r a c t io n .

(4 ) D iscussion

Phytochrome has been shown to  be p re se n t in  a s s o c ia t io n  w ith e t io p la s t -  

enriched  f r a c t io n s  by sev e ra l w orkers, /Cooke e t  a l . , 1975î Evans and, Smith, 

•1976a  and b; Kraack and S p ru it ,  P e rs . Comm.; Q uail, 1977). A ll of th e se  

workers used th e  G-50 method to  i s o la t e  the  e t io p la s t- e n r ic h e d  f r a c t io n s .  

Cooke e t  a l . . (1975) and Evans (1975) showed e le c tro n  micro

graphs of th e  G-50  o rg an e lle  f r a c t io n s  they  i s o la te d  and concluded th a t  

the e t io p la s ts  prepared  by t h i s  method were i n t a c t ,  and no t contam inated 

to  any g re a t  e x te n t w ith  any o th e r c e l l u l a r  o rg a n e lle s  o r d e b r is .  However, 

in  a  very  d e ta i le d  biochem ical and e le c tro n  m icroscope study of G-50 e lu a te
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f r a c t io n s  i s o la te d  from e t io la te d  o a t sh o o ts  Q uail (197?) concluded th a t  

m itochondria a s  w ell a s  e t io p la s t s  were p u r if ie d  to  a  s im ila r  e x ten t by 

th e  G-50 method. He a lso  proposed th a t  the  phytochrome he was ab le  to  

d e te c t  sp ec tro p h o to m etr ica lly  in  a s s o c ia t io n  w ith  th e  G-50 o rg an e lle  

f r a c t io n s  was, in  f a c t ,  m erely a  so lu b le  contam inant running in  th e  void  

volume o f the  G-50 column. He was unable to  d e te c t  phytochrome when the 

G-50  o rg a n e lle s  were p e l le te d  by c e n tr ifu g a tio n  and re-suspended. The d a ta  

p re sen ted  in  t h i s  th e s i s  i s  in  c lo se  agreem ent w ith those o f Q uail in  

re s p e c t o f m itochondria l con tam ination  of th e  e t io p la s t- e n r ic h e d  G-50 

f r a c t io n s  b u t, in  c o n tra s t  to  him, i t  was p o ss ib le  to  measure sm all bu t 

c o n s is te n t amounts of phytochrome a s so c ia te d  w ith the  G-50 o rg a n e lle s  

fo llow ing  c e n tr ifu g a tio n  and re -su sp e n s io n . Kraack and S p ru it (P ers . Comm.) 

have been a b le  a lso  c o n s is te n tly  to  measure phytochrome sp ec tropho to 

m e tr ic a lly  in  G-50  o rg an e lle  f r a c t io n s  fo llo w in g  c e n tr ifu g a tio n . D espite  

th e  m itochondria l contam ination  of th e  G-50 o rg an e lle  f r a c t io n s  th e re  i s  

very  l i t t l e  con tam ination  by r ib o n u c le o p ro te in  m a te ria l (Evans, 1975»

Q uail, 1977) and a  h igh  percen tage  of th e  e t io p la s t s  a re  i n ta c t  (Kraack, 

P e rs . Comm.). The vdume' of th e  o rg a n e lle -c o n ta in in g  G-50 e lu a te  i s  an 

extrem ely convenient volume of o rg an e lle  suspension  to  experim ent w ith  

and i t  a lso  has very  d i s t i n c t  advantages in  th a t  i t  does n o t s u f f e r  from 

the  d e fe c ts  in h e re n t in  o rg an e lle  p e l l e t  re -su sp en s io n , which i s  very  ra re ly  

a cc u ra te .

I t  was p o ss ib le  to  o b ta in  two d i s t i n c t  f r a c t io n s ,  one en riched  w ith  p la s t id s  

and ano ther en rich ed  w ith  m itochondria  (a s  judged by m itochondria l membrane 

marker enzymes) from the G-50  e lu a te  by a  s in g le  c e n tr ifu g a tio n  of the  

e lu a te  through a  cushion of su cro se . S im ila r  f r a c t io n s  were a lso  ob ta ined  ' 

by the c e n tr ifu g a tio n  of a crude p la s t id  p e l l e t  through a d isco n tin u o u s 

sucrose d e n s ity  g ra d ie n t. These two l a t t e r  methods of p la s t id  is o la t io n  

have problems in h e re n t in  using  q u ite  h igh  c o n ce n tra tio n s  of su cro se .
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p e l l e t  re -su sp en s io n  and d i lu t io n  of the  samples to  a  s u i ta b le  volume f o r  

subsequent ex p erim en ta tio n . Phytochrome was d e te c ta b le  in  a s s o c ia tio n  w ith  

a l l  th e  o rg an e lle  f r a c t io n s  is o la te d .  As sucrose has been shown to  i n t e r 

f e r e  w ith  th e  spec tropho tom etric  d e te c tio n  of phytochrome (Hopkins, P e rs . 

Comm.) i t  was n ecessa ry  to  p e l l e t ,  and subsequently  to  re -suspend  the 

o rg a n e lle  f r a c t io n s  o b ta ined  from sucrose g ra d ie n ts  in  i s o la t io n  b u ffe r  in  

o rd e r to  ob ta in  f r a c t io n s  o f s im ila r  sucrose co n ce n tra tio n  p r io r  to  phyto

chrome measurement. More re c e n tly , however, B i l l e t  (P ers . Comm.) has shown 

th a t  sucrose c o n ce n tra tio n  has no d e tec ta b le  e f f e c t  on th e  spec tropho to 

m etric  d e te c tio n  of phytochrome in  m itochondrial f r a c t io n s  is o la te d  from 

mung bean hypocoty ls when GaCO  ̂ i s  used a s  a l i g h t  s c a t te r in g  ag en t. In  

the  absence o f GaCO  ̂ th e re  was a  marked e f f e c t  on th e  amount of phyto

chrome d e te c ta b le . •
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Fig. 11

The e lu t io n  p r o f i le  of a G-50 column showing th re e  peaks of 

th e  f i r s t  was claim ed to  correspond to  in ta c t  p la s t id s ,  the  

second to  in ta c t  p la s t id s  and m itochondria  and a  th i r d  to  d e b r is  

and broken p la s t id s .

(from W ellbum  and W ellbum , 1971)
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F ig . 12

The e lu t io n  p r o f i l e  of a  G-50 column showing a  s in g le  peak of 

^260*

(from Evans and Smith, 19?6a)
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Fig. 13

The e lu t io n  p r o f i l e  o f a  G-50  column showing a  s i n ^ e  e lu t io n  peak 

*260-

3
Each f r a c t io n  was 0 ,5  cm in  volume.

Data ob ta ined  in  t h i s  work.
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Fig. 14

The e lu t io n  p r o f i le  o f a  G-50 column using  cytochrome c oxidase 

and su cc in a te  dehydrogenase a s  marker enzymes o f m itochondria l 

membranes and to t a l  e x tra c ta b le  ca ro ten o id s  a s  a  marker of 

e t io p la s t  membranes,

3
Each f r a c t io n  was approxim ately 2 cm in  volume.
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Table 3

The percen tage  re c o v e rie s  of e t io p la s t  aind m itochondria l 

membrane markers during  G-50 ge l f i l t r a t i o n .

T otal volumes of f r a c t io n s :
3

Crude p la s t id  p e l l e t  5 cm
3

Bulked G-50 f r a c t io n s  9 cm
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Fig. 15

The e lu t io n  p r o f i le  o f a  G-50 column showing sp ec tro p h o to - 

m e tr ic a lly -d e te c ta h le  phytochrome (& A) ]  to  have s im ila r

e lu t io n  c h a r a c te r i s t i c s  to  th e  e t io p la s t  membrane m arker, t o t a l  

e x tra c ta b le  c a ro te n o id s .

3
Each f r a c t io n  was approxim ately  2 cm in  volume.
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Table 4

Measurement of phytochrome co n ten t a t  vary ing  s tag e s  d u rin g  th e  

is o la t io n  of e t io p la s t s  by th e  G-50  method.

F rac tio n s  were d i lu te d  in  25 mM MOPS b u f fe r .



F ra c tio n D ilu tio n 6  (A A) X 10“^

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 :4 1.0

1:20 1.0

0 3 .0
G-50  e lu a te

1:1 1 .5
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Table 5

The d is t r ib u t io n s  of c a ro ten o id s , cytochrome c oxidase and 

phytochrome in  post-G -50 sucrose  c e n tr ifu g a tio n  o rg a n e lle  

suspensions as  a  percen tage  of th o se  p re se n t in  th e  i n i t i a l  

pooled G-50  e lu a te .

3
Each f r a c t io n  was approxim ately  9 cm in  volume.
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Fig. 16

D esc rip tio n  of th e  d isco n tin u o u s su crose  d e n s ity  g ra d ie n t and the  

e lu t io n  p r o f i le  ob tained  using  cytochrome c oxidase and t o t a l  

e x tra c  ta b le  ca ro ten o id s  a s  markers o f m itochondria l and e t io 

p la s t  membranes re s p e c tiv e ly . Note th e  two peaks o f e x tr a c t -  

a b le  ca ro ten o id s ; th e  f i r s t  a t  the  25^/40^ sucro se  in te r fa c e  

w ith  h igh  a sso c ia te d  cytochrome c ox idase  a c t i v i t y  and th e  second 

peak a t  the  40^/55% sucrose in te r fa c e  w ith  no a s so c ia te d  cy to 

chrome c oxidase a c t i v i ty .

3
Each f r a c t io n  was approxim ately 2 cm in  volume.
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Fig. 17

E lu tio n  p r o f i le  of a  d isco n tin u o u s sucrose d e n s ity  g ra d ie n t in  

term s o f sp ec tro p h o to m etr ica lly -d e te c ta 'b le  phytochrome (a ) ,  and 

i t s  s p e c if ic  a c t i v i t y  (h ) . Phytochrome was m easureahle in  

a s s o c ia tio n  w ith  "both th e  o rg a n e lle  f r a c t io n s  d e sp ite  approx

im ate ly  40^ o f th e  t o t a l  phytochrome recovered  from the  g ra d ie n t 

rem aining on top  of th e  g ra d ie n t and was th e re fo re  n o t o rg a n e lle -  

a s so c ia te d  ( i . e .  was s o lu b le ) .

The volume of each f r a c t io n  is o la te d  from the  g ra d ie n t was
3

approxim ately  4  cm .

The arrow s in d ic a te  the banding p o s it io n s  of the o rg an e lle  f r a c t 

io n s  subsequently  used in  l i g h t  tre a tm e n t experim ents.
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(b) (1) The in  v i t r o  phytochrome m ediation  o f th e  le v e l s  o f h io lo g ic a lly  •  

a c t iv e  GA-LS e x tra c ta b le  from o rg an e lle  suspensions

From th e  r e s u l t s  p re sen ted  in  C hapter 3 p a r t  (a ) i t  was p o ss ib le  to  o b ta in  

s e v e ra l o rg a n e lle -c o n ta in in g  f r a c t io n s ;  some were en riched  w ith  m ito

chondria  and some were enriched  w ith  e t io p la s t s .  A ll th e  o rg an e lle  

suspensions con tained  m easureable amounts o f phytochrome. As p rev ious 

work on the  phytochrome c o n tro l o f g ib b e re l l in  le v e l s  had been perform ed 

w ith  th e  o rg a n e lle -en rich e d  e lu a te  ob ta ined  from a  Sephadex G-50 column i t  

was decided  to  t r y  to  re p e a t th e se  experim ents and a lso  to  study th e  

e f f e c t s  o f l i g h t  tre a tm en t on o th e r  o rg a n e lle -en rich e d  suspensions. In  

p re lim in a ry  experim ents b io lo g ic a l a c t i v i t y  e x tra c  ta b le  from the o rg an e lle  

f r a c t io n s  was determ ined using  bo th  the  Tan-ginbozu dwarf r i c e  b io assay  

(Murakami, I 968) and th e  b a rle y  a leu ro n e  b io assay  of Jones and Y am er,

( 1967) .  However, rep ro d u c ib le  r e s u l t s  were only ob ta ined  using  th e  b a rle y  

a leu rone la y e r  b io assay . The main problems involved  w ith using  the  dwarf 

r i c e  b io assay  were th o se  in h e re n t in  the  a p p lic a t io n  o f th e  t e s t  so lu tio n  

to  the  p la n ts .  I t  i s  necessary  to  app ly  Ip l  d ro p le ts  to  the  p la n ts  and i t  

proved extrem ely d i f f i c u l t  to  make rep ea ted  a p p lic a t io n s . Moreover, th e  

accuracy  of doing so was extrem ely  d i f f i c u l t  to  determ ine. The use of 

the  le t tu c e  hypocotyl b io assay  (F rankland and Wareing, I 96O) was precluded 

a s  very  sm all d if fe re n c e s  in  hypocotyl e lo n g a tio n  between trea tm en ts  had 

been observed by Cooke e t  a l . , (1975) « The accuracy  of such measurements 

i s  a lso  extrem ely d i f f i c u l t  to  de term ine . When perform ing b ioassay s  i t  i s  

f a r  b e t t e r  to  use a  wide spectrum o f b io assay  m a te r ia l r a th e r  than  to  use 

a  s in g le  b io assay  as  each b io assay  system e x h ib its  a  c h a r a c te r is t ic  

response spectrum  (Reeve and G ro z ie r, 1975)• However, f o r  th e  reasons s ta te d  

th e  b a rle y  a leurone la y e r  b ioassay  was th e  only b ioassay  system used in  a l l  

subsequent experim ents. The sy n th e s is  and s e c re t io n  of a-am ylase by the  

a leurone la y e r  o f seeds o f b a rle y  a re  i n i t i a t e d  by GA and th e  q u a n ti ty  of
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th e  enzyme re le a se d  i s  p ro p o rtio n a l to  th e  c o n cen tra tio n  of GA a p p lie d .

This h io assay  has th e  added advantage of being  an alm ost com pletely  s t e r i l e  

experim ental system and any problems w ith  con tam ination  from, and by, 

m icro-organism s a re  reduced to  a  minimum. Not a l l  b a rle y s  a re  s u i ta b le  

f o r  th e  b a r le y  a leu rone  b ioasay  (Reeve and G ro z ie r, 1975)» There a re  con

s id e ra b le  v a r ie ta l  v a r ia t io n s  in  th e  s e n s i t iv i ty  of the  response to  GA.

In  a d d itio n , d if fe re n c e s  in  s e n s i t iv i ty  a re  a s so c ia te d  w ith  th e  season, a re a  

o f growth and age of th e  seed . For th e se  reaso n s the  b a rle y  v a r ie ty  

Himalaya, 1973 was used ro u tin e ly . Even under th e se  c o n d itio n s  d i f f e r 

ences were noted  between th e  s e n s i t iv i ty  o f b a tch es  o f seed obtained  from 

th e  s u p p lie r  a t  vary ing  tim es. These d if fe re n c e s  may have a r is e n  from vary 

ing  seed s to rag e  co n d itio n s .

At t h i s  s tag e  i t  i s  perhaps p e r t in e n t  to  co n sid e r q u a n t if ic a t io n  of b io 

a ssay  r e s u l t s .  In  the  l i t e r a t u r e  g ro ss  GA le v e l s  p e r t i s s u e  a re  fre q u e n tly  

expressed  a s  ng GÂ  eq u iv a len ts  p e r  gram dry w eight. Because o f the 

com plexity  of th e  G A -inh ib ito r in te r a c t io n s  and th e  vary ing  a c t i v i t i e s  o f 

th e  d i f f e r e n t  GA's th e se  e s tim a te s  a re  o f l im ite d  v a lu e . H ill  and Kimble, 

( 1969) have p o in ted  out th a t  i t  i s  only  v a lid  to  compare e s tim a te s  of GA- 

l i k e  a c t i v i t y  in  term s o f GÂ  e q u iv a len ts  when p a ra l le l l is m  e x is t s  between 

dose/response  curves o f each of th e  unknowns and th a t  o f GA^. The p o s s ib i l 

i t y  o f th e  e x is ten c e  of such p a ra lle l ism  i s  remote f o r  two reaso n s . F i r s t l y ,  

even w ith  pure GA's th e re  i s  a  marked la c k  o f p a ra lle l ism  between dose 

response  cu rv es. Secondly, i t  i s  l i k e ly  th a t  the  chrom atographic f r a c t io n  

being  assayed  w il l  be a  m ixture o f s ev e ra l GA's and a number o f unknown 

compounds. The assay  response w i l l ,  th e re fo re , be th e  n e t r e s u l t  of the  

in te r a c t io n  of th e se  compounds. Hence th e  r e la t io n s h ip  between th e  amount 

of GA a c tu a l ly  p re sen t and th e  number of GA eq u iv a len ts  measured w ill  be 

obscure. (Reeve and G rozier, 1975)* Though some au th o rs  may argue o th e r

w ise, no amount of e le g a n t s t a t i s t i c s  w il l  overcome th i s  problem un less  th e
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n a tu re  of th e  in te ra c t in g  compounds can he e lu c id a te d  and measured f o r  

every  assay  perform ed, .Thus, methods f o r  c a lc u la t in g  confidence l im i t s  

f o r  b io assay  d a ta  (H ill  and Kimble, I 969) a re  o f l im ite d  value  in  p ra c t ic e ,  

because th ey  a re  r e a l ly  only v a l id  f o r  assay ing  unknown amounts o f pure 

GA's o r m ix tures of GA's and n o n - in te ra c tin g  compounds. For th e se  reasons 

th e  r e s u l t s  p re sen ted  h ere  a re  p re sen ted  a s  pg a-amylase induced and are  

n o t converted  to  ng GÂ  e q u iv a le n ts .

From th e  work of Evans (1975) th e  c o n d itio n s  re q u ire d  f o r  the  maximum 

le v e l s  o f m ethanol-ex trac  ta b le  GA-LS were taken  as  being a  5 min i r r a d i 

a t io n  w ith  red  l i g h t  fo llow ed by a 5 ndn in cu b a tio n  in  darkness a t  24°0. 

These c o n d itio n s  were used ro u tin e ly  throughout the  fo llow ing  experim ents.

GA-LS were e x tra c te d  in to  aqueous methanol to  a  f in a l  co n cen tra tio n  of 

80^ (v /v ) and th e  GA-like a c t i v i t y  determ ined in  th e  a c id ic  e th y l a c e ta te  

f r a c t io n s  fo llo w in g  TLG.

F ig . 18a page 59, shows th e  e f f e c t s  o f i r r a d ia t io n s  w ith red  l i g h t  and f a r -  

re d  l i g h t  on th e  le v e l  . o f b io l  o g ic a l ly -a c t iv e  GA-LS e x trac  ta b le  from 

pooled G-50  e lu a te  o rg a n e lle  f r a c t io n s .  The d a ta  c lo se ly  agree w ith  those  

p re v io u s ly  p u b lished  (Cooke e t  a l . ,  1975» Cooke and Saunders 1975» Evans 

and Smith 1976a). The le v e l s  of methanol e x tra c ta b le  GA-LS a re  s u b s ta n t ia l ly  

in c reased  i f  th e  o rg an e lle  suspensions a re  i r r a d ia te d  f o r  5 min w ith  red  

l i g h t .  However, the  le v e l s  o f " a c t iv i ty  e x tra c ta b le  from samples i r r a d ia te d  

w ith  f a r - r e d  l i g h t  f o r  5 niin im m ediately fo llow ing  th e  red  l i g h t  a re  c lo se 

l y  s im ila r  to  th o se  e x tra c  ta b le  from samples m ain tained  in  darkness through

out the  trea tm en t p e rio d . F ig s . 18 .b and 18 .c , page 60 dem onstrate th e  

e f f e c t s  o f red  and f a r - r e d  l i g h t  on th e  le v e l s  of GA-LS e x tra c ta b le  from 

th e  post-G -50  sucrose  c e n tr ifu g a tio n  o rg an e lle  suspensions. The le v e l s  of 

GA-LS e x tra c ta b le  from m ito ch o n d ria l-en rich ed  f r a c t io n s  fo llow ing  l i g h t
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trea tm en t rem ain c lo se ly  s im ila r  to  th a t  of samples re ta in e d  in  darkness. 

However, th e  le v e l  of GA-like a c t i v i t y  e x tra c ta b le  from e t io p la s t -  

en rich ed  f r a c t io n s  i s  s u b s ta n t ia l ly  in c reased  fo llow ing  re d  l i g h t  tre a tm e n t. 

The red  lig h t-m e d ia te d  in c rease  in  a c t i v i t y  i s  prevented  i f  th e  samples a re  

i r r a d ia te d  w ith  f a r - r e d  l i g h t  f o r  5 min im m ediately fo llo w in g  the red  

l i g h t  tre a tm e n t.

The e f f e c t s  of l i g h t  tre a tm en t on d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t 

o rg an e lle  f r a c t io n s  a re  shown in  F ig s . 18.d and 18 .e page 61. B io lo g ic - 

a l ly - a c t iv e  GA-LS e x tra c ta b le  from th e  upper banding (25^/40^ sucrose 

in te r f a c e )  f r a c t io n  a re  u n a ffec ted  by l i g h t  tre a tm en t whereas th e  low er 

banding (40^/55^ sucrose  in te r fa c e )  f r a c t io n  shows enhanced le v e ls  of 

m ethanol-ex trac  ta b le  GA-LS fo llow ing  a  5 min i r r a d ia t io n  w ith  red  l i g h t .  

Again, tre a tm en t of th e  samples w ith  5 min f a r - r e d  l i g h t  im m ediately 

fo llo w in g  th e  red  l i g h t  re v e rse s  th e  observed in c re a se  in  th e  le v e ls  of 

GA-LS. These d a ta  c le a r ly  show th a t  phytochrome m ediates th e  le v e l s  of 

GA-LS e x tra c ta b le  in to  aqueous methanol from p la s t id -e n r ic h e d  f r a c t io n s  

b u t has no d e te c ta b le  e f f e c t  on the  GA-LS e x tra c ta b le  from m itochondria l-  

en riched  f r a c t io n s .
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Figs. 18.a - 18.e

GA-like substances were e x tra c te d  and f r a c t io n a te d  from organelle- 

en riched  suspensions as  d e sc rib ed  on page 21 ( s ) .

A ll b io assay  d a ta  was ob ta ined  using  a  m o d ifica tio n  of th e  Jones 

and Varner (196?) b a rle y  a leu rone la y e r  b ioassay  f o r  GA-like sub

s tan ces  a s  d esc rib ed  on page 22 ( t ) .

Shaded a re a s  on the  h istogram s in d ic a te  s tim u la tio n  of û-am ylase 

a c t i v i t y  above th a t  of the  c o n tro ls  th a t  i s  s ig n if ic a n t  a t  th e  

Sfo l e v e l .

The o rg an e lle  f r a c t io n s  were d iv id ed  in to  equal a l iq u o ts  p r io r  to  

l i g h t  tre a tm e n t. The r e s u l t s  p re sen ted  a re  th e re fo re  d i r e c t ly  

comparable.

The above in fo rm ation  r e l a t e s  to  a l l  subsequent f ig u re s  showing 

b io assay  d a ta . This in fo rm ation  w ill  th e re fo re  n o t be p resen ted  

on subsequent f ig u re  head ings.

GA-like a c t i v i t y  a sso c ia te d  w ith  l ig h t - t r e a t e d  o rg a n e lle -en rich e d  

suspensions.

Treatm ents: 10 min in  darkness (DARK)

5 min red  + 5 min in  darkness (RED)

5 min re d  + 5 min f a r - r e d  (RED/FAR-RED)
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F ig , 18 ,a

Pooled G-50  e lu a te  o rg an e lle  suspensions.
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F ig . 18.b and c .

P o st G-50  sucrose c e n tr ifu g a tio n  suspensions. 

F ig . 18/b e tio p la s t- e n r ic h e d  f r a c t io n

F ig . 18. c m ito ch o n d ria l-en rich ed  f r a c t io n .
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F ig . 18 .d and e .

D iscontinuous sucrose d e n s ity  g ra d ie n t c e n tr ifu g a tio n  

o rg an e lle  suspensions.

F ig . 18. d low er handing (4 0 ^ /,$ ^  sucrose in te r fa c e )

F ig . 18 .e upper handing (25%/40^ sucrose in te r fa c e )



(d)
Dark Rtd Red / Far red

2  80“

m 60“

— 3ng 
GA3 

Equiv

(e)
Dark Red Red / Far red

GA un

—  3ng 
GAg 

Equiv
? 20 -

100 M) G



— 62 —

Data o f Cooke and Kendrick, (1976) and Evans and Smith, (1976a) showed th a t  

the  m a jo rity  of th e  in c re a se  in  GA-LS in  G-50 e lu a te  o rg a n e lle  suspensions 

was due to  in c re a se s  in  th e  su p ern a tan t f r a c t io n s  vdien th e  p la s t id  suspens

io n s  were su b jec ted  to  a  p o s t - i l l  im in a tio n  c e n tr ifu g a tio n . Indeed, Evans 

( 1975)1 ex p ressing  GA-like a c t i v i ty  in  ng GÂ  eq u iv a len ts , showed th a t  75% 

of th e  t o t a l  GA-like a c t i v i t y  was e x tra c ta b le  from a  6KP f r a c t io n .  S im ila r  

experim ents were perform ed w ith  the  th re e  p la s t id -e n r ic h e d  s u ^ e n s io n s  

is o la te d  in  the  course of t h i s  woife. For the  procedure used in  th ese  

experim ents see F ig . I 9 , page 63 , F ig . 20. a , b , and c , page 64 , show th e  

r e s u l t s  of such experim ents. The m a jo rity  of the  phytochrome-mediated 

in c re a se  in  the  le v e l s  of GA-LS in  a l l  th re e  case s  was e x tra n ta b le  from 

the  6KS f r a c t io n s .  There was, however, a  sm all in c re ase  in  th e  GA-like 

a c t i v i t y  e x tra c ta b le  from th e  6KP f r a c t io n s .  There was a lso  no marked 

change in  the  d i s t r ib u t io n  o f th e  peaks o f GA-like a c t i v i ty  between th e  

6KP and th e  6KS f r a c t io n s .  The r e s u l t s  a re  c o n s is te n t  w ith  an e f f e c t  of 

phytochrome e i th e r ,  on th e  e f f lu x  o f so lu b le  g ib b e r e l l  in s  from t h e i r  s i t e  

o f o r ig in  w ith in  th e  p la s t id s ,  o r re le a s e  of surface-bound g ib b e r e l l in s . 

C onversely, s im ila r  r e s u l t s  could have been ob ta ined  i f  th e  p la s t id s  had 

m erely been broken by th e  p o s t- i l lu m in a tio n  c e n tr ifu g a tio n .
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F ig . 19

G eneral procedure f o r  th e  f r a c t io n a t io n  of o rg an e lle  suspensions 

fo llow ing  l i g h t  tre a tm en t.



Plastid-enriched organelle suspensions

obtained by;

G-50 gel filtration

Post G-50 sucrose centrifugation

Discontinuous sucrose density gradient
centrifugation

Light treatments

Centrifugation 

6,000g 1 min
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Pig. 20.a ,b, and c.

GA-like a c t i v i t y  e x tra c te d  from o rg an e lle  suspensions c e n t r i 

fuged a t  6 , OOOg f o r  1 min im m ediately fo llow ing  l i g h t  

tre a tm e n t.

  6KS

6KP

L ig h t trea tm en ts : 

DARK 

RED

red/ far- red

10 min in  darkness 

5 min red  p lu s  5 miu in  darkness 

5 min red  p lu s  5 min f a r - r e d

F ig . 2 0 .a 

20.b

” 2 0 .c

Pooled G-50 e lu a te  o rg an e lle  suspension .

P ost G-50  sucrose  c e n tr ifu g a tio n  e t io p la s t -  

en riched  suspension .

D iscontinuous sucrose  d e n s ity  g ra d ie n t low er 

banding (40^/55^ su rc ro se  in te r fa c e )  o rg an e lle  

suspension .
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In  an attem pt to  p reven t o r  minimise such p la s t id  ru p tu re , red  l i g h t  

t r e a te d  a l iq u o ts  (approxim ately  6 cm in  volume) of G-50 e lu a te s  were 

la y e re d  on to  a  p re -co o led  d iscon tinuous sucrose  d e n s ity  g ra d ie n t and, 

a f t e r  c e n tr ifu g a tio n , the  g ra d ie n ts  were f r a c t io n a te d  in to  so lu b le  and 

o rg an e lle  f r a c t io n s  (F ig . 21, page 67) .  GA-like a c t i v i ty  was e x tra c te d  

in to  methanol and subsequently  b ioassayed  from each f r a c t io n .  F ig . 22, 

page 68 dem onstrates th e  movement of 3 g ib b e re l l in  in to  a  s im ila r  

sucrose  d e n s ity  g ra d ie n t. Following c e n tr ifu g a tio n , th e  m a jo rity  of th e  

ra d io  a c t i v i t y  remained in  th e  upper la y e r  o f th e  g ra d ie n t, thus any GA- 

l i k e  a c t i v i t y  rem aining in  th e  upper la y e r  must be considered  to  be t r u ly  

so lu b le . F ig . 23, page 69 shows th a t  re d -lig h t-m e d ia te d  in c re a se s  in  GA- 

l i k e  a c t i v i ty  were e x tra c ta b le  from a l l  th re e  f r a c t io n s  is o la te d  from the  

g ra d ie n ts . These r e s u l t s  a re  th e re fo re  n o t c o n s is te n t w ith the  hypo

th e s i s  th a t  th e  m a jo rity  of the  in c rease  in  th e  r e d - l ig h t  m ediated GA 

le v e l s  i s  due to  in c re a se s  in  so lu b le  o r n o n -o rg an e lle -a sso c ia te d  

g ib b e re l l in s .

Throughout th i s  work an i r r a d ia t io n  w ith 5 min re d  l i g h t  fo llow ed by a 

5 min in cu b atio n  in  darkness a t  24°G was used ro u tin e ly  a s  the  co n d itio n s  

necessa ry  to  o b ta in  th e  maximal in c re a se  in  GA-like a c t i v i ty .  (Evans,

1975) • However, in  o rd er to  s u b s ta n tia te  th e  d a ta  ob ta ined  on th e  

d is t r ib u t io n  of re d -lig h t-m e d ia te d  in c re a se s  in  GA-like a c t i v i ty  between 

so lu b le  and o rg an e lle  f r a c t io n s ,  a  tim e course o f vary ing  p e rio d s  in  

darkness fo llow ing  a  5 min. i r r a d ia t io n  w ith re d  l i g h t  was perform ed.

A liquo ts  of G-50  suspensions were i r r a d ia te d  w ith  red  l i g h t  f o r  5 min and 

m aintained in  darkness f o r  0, 5 o r 10 min. A fte r  trea tm en t the  a l iq u o ts  

were loaded  on to  a  p re -co o led  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t and 

t r e a te d  as  desc rib ed  in  th e  p rev ious paragraphs. The r e s u l t s  o f th ese  

experim ents a re  p re sen ted  in  F ig s . 2 4 .a , b . and c . , pages 71» 72, & 73 Again^ the  

re d -lig h t-m e d ia te d  in c re a se s  in  GA-LS a re  d is t r ib u te d  between the  so lu b le
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and th e  o rg an e lle  f r a c t io n s  i r r e s p e c t iv e  o f tim e in  darkness fo llo w in g  th e  

i r r a d ia t io n  w ith  re d  l i g h t .

I t  i s  c le a r  th a t  th e  re d -lig h t-m e d ia te d  response  i s  d e te c ta b le  w ith in  th e  

f i r s t  5 min o f i r r a d ia t io n  w ith  re d  l i g h t .  The le v e l s  of GA-LS a re  very  

sm all b u t were n e v e r th e le s s  re p e a ta b le . W ithout a  method of q u a n t i ta t iv e  

assessm ent i t  i s  d i f f i c u l t  to  a sse ss  th e  d if fe re n c e s  between th e  GA-like 

a c t i v i t y  a sso c ia te d  w ith  in c re a s in g  tim e in  darkness fo llow ing  re d  l i g h t  

tre a tm e n t. What i s  c le a r ,  however, i s  th a t  th e re  a re  f a r  h ig h e r le v e l s  

of GA-LS e x tra c ta b le  from f r a c t io n  2 when a  10 min. p e rio d  in  darkness 

fo llo w s th e  red  i r r a d ia t io n .  However, th e  main aim o f th e  experim ent was 

to  d i f f e r e n t i a t e  between t r u ly  so lu b le  and o rg a n e lle -a s so c ia te d  GA-LS 

le v e l s .  From th e se  r e s u l t s  th e re  i s  no evidence to  suggest th a t  the  

in c re a se  in  GA-LS i s  confined  to  in c re a se s  in  t r u l y  so lu b le  GA-LS. The 

le v e l s  of GA-LS p re sen t in  the  so lu b le  phase could p o ss ib ly  be p re sen t 

s o le ly  a s  GA-LS re le a se d  from p la s t id s  fo llo w in g  ru p tu re . Indeed, a  b e t t e r  

experim ent ( i f  p o ss ib le  to  perform ) would have been to  i s o la te  a  suspension  

of in ta c t  e t io p la s t s  only and then  in v e s t ig a te  th e  e f f e c t  o f re d  l i g h t  on 

th e  p la s t id -a s s o c ia te d  GA-LS.

P la s t id s  f r e e  o f so lu b le  GA contam ination  could  have been ob ta ined  by using  

a  sucrose d e n s ity  c e n tr ifu g a tio n  techn ique  s im ila r  to  th e  one used in  th e se  

experim ents. However, th e re  would s t i l l  remain the  problem involved in  

t r a n s f e r r in g  the  p la s t id s  to  an o th er sucro se  d e n s ity  g ra d ie n t. This 

m anipulation  would have undoubtedly r e s u l te d  in  p la s t id  ru p tu re , and w ith  

t h i s ,  the  p o ss ib le  re le a s e  of GA-LS. The experim ents d escribed  here  do 

n o t t o t a l l y  ex p la in  the  in c rease  in  GA-LS b u t i t  i s  d i f f i c u l t  to  envisage 

how f u r th e r  d a ta  could be ob ta ined . What i s  c le a r ,  however, i s  th a t  a  

la rg e  p ro p o rtio n  of th e  re d -lig h t-m e d ia te d  in c re a se  in  GA-LS i s  due to  

in c re a se s  th a t  a re  a sso c ia te d  w ith  th e  p la s t id s  them selves.
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Fig. 21

Procedure f o r  th e  d isco n tin u o u s sucrose d e n s ity  g ra d ie n t 

c e n tr ifu g a tio n  of l i g h t - t r e a t e d  G-50 o rg a n e lle  suspensions.

D otted l in e s  in d ic a te  th e  l im i t s  o f th e  f r a c t io n s  taken  f o r  

subsequent e x tra c tio n  of GA-LS.



Pooled G-50 eluate 
organelle suspensions

Light treatment

Discontinuous sucrose 
gradient centrifugation

Sample

25%

40%

55%

Fraction 1
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Fig. 22

& ]The movement of L H J g ib b e r e l l  in  ^  in to  a  d iscon tinuous suciose  

d e n s ity  g ra d ie n t.

D otted l in e s  in d ic a te  th e  l im i t s  of f r a c t io n s  taken  f o r  the  

e x tra c tio n  o f GA-LS.
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Fig. 23

GA-like a c t i v i t y  e x tra c te d  from G-50 e lu a te  f r a c t io n s  c en tr ifu g e d  

in to  a  d iscon tinuous sucrose  d e n s ity  g ra d ie n t im m ediately fo llo w 

in g  l i g h t  tre a tm e n t. Follow ing c e n tr ifu g a tio n  th re e  f r a c t io n s  

were recovered  from the  g ra d ie n ts  a s  d esc rib ed  in  F ig . 6 (h ) , 

page 32 .

L ig h t tre a tm en ts  p r io r  
to  c e n tr ifu g a tio n

F ra c tio n s  recovered  from 
the  g ra d ie n ts

5 min red  p lu s  5 min 
in  darkness

a , h, c (so lu b le )

10 min in  darkness d, e , f  (so lu b le )
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F ig . 2 4 .a , b . and c .

GA-like a c t i v i ty  e x tra c te d  from G-50 o rg an e lle  f r a c t io n s

c en tr ifu g e d  in to  a  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t

im m ediately fo llow ing  l i g h t  tre a tm e n t.

F ra c tio n s  were recovered  from th e  g ra d ie n ts  as  d esc rib ed  in

F ig . 6 (b ) , page 32 .

L ig h t tre a tm en ts  p r io r  
to  c e n tr ifu g a tio n

F ra c tio n s  recovered  from 
the  g ra d ie n ts

F ig . 2 4 .a  5 min re d  p lu s
0 min in  darkness

a , b, c (so lu b le )

5 min in  darkness d, e , f  (so lu b le )

F ig . 2 4 .b 5 min re d  p lu s
5 min in  darkness

a , b, c (so lu b le )

10 min in  d a rk n ess d, e , f* (so lu b le )

F ig . 2 4 .c 5 min re d  p lu s
10 min in  darkness

a , b, c (so lu b le )

15 min in  darkness d, e , f  (so lu b le )
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F ig . 2 4 .a
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F ig . 2 4 .b
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F ig . 2 4 .c
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(2) D iscussion

Phytochrome has he en shown to  m ediate th e  le v e l s  o f GA-LS e x tra c ta h le  from 

e tio p la s t- e n r ic h e d  f r a c t io n s  in to  aqueous methanol in  v i t r o  (Evans and 

Smith, 1976a ; Cooke e t  a l . , 1976). When e t io p la s t  suspensions were 

i r r a d ia te d  w ith  red  l i g h t  f o r  5 min and re tu rn e d  to  darkness f o r  a  f u r th e r  

5 min th e re  was a  marked in c re ase  in  th e  h io lo g ic a l ly -a c t iv e  GA-LS sub

seq u en tly  e x tra c ta h le  in to  aqueous methanol when compared to  th e  a c t i v i ty  

e x tra c ta h le  from e t io p la s t  suspensions re ta in e d  in  darkness, o r i r r a d ia te d  

w ith  5 min red  l i g h t  fo llow ed  im m ediately hy 5 mln f a r - r e d  l i g h t .

Data p resen ted  here  from experim ents in  which l i g h t - t r e a t e d  e t io p la s t  

suspensions were c e n tr ifu g e d  a t  6 , OOOg support the  d a ta  of Evans and Smith, 

( 1976a) and Cooke and K endrick, (1976) and show th a t  th e  m a jo rity  of the  

l ig h t-m e d ia te d  in c re a se  in  GA-LS i s  e x tra c ta h le  from the  6KS f r a c t io n s .  As 

p rev io u s ly  proposed th e  h y p o th esis  advanced to  ex p la in  the  red  l i g h t -  

m ediation of GA le v e ls  would he th a t  the  photoconversion of P r to  P f r  in  

e t io p la s t  suspensions causes a  change in  the  p e rm eab ility  of the e t io p la s t  

envelope membrane w ith  r e s p e c t  to  GA-LS th e reb y  allow ing  an e f f lu x  of 

th e se  substances ou t of the  p la s t id s  in to  the  surrounding medium. The 

d a ta  could a lso  he exp lained  on th e  b a s is  of re le a s e  o f surface-bound GA

LS from th e  membrane o r , a s  p re v io u s ly  d esc rib ed , by th e  re le a s e  o f GA*s 

from th e  p la s t id s  by ru p tu re  of th e  o rg a n e lle s  them selves. However, d a ta  

ob ta ined  from sucrose d e n s ity  g ra d ie n t experim ents showed th a t  th e  in 

c rease  in  e x tra c ta h le  GA-LS was due to  in c re a se s  in  both  th e  so lu b le  and 

th e  p a r t ic u la te  f r a c t io n s ,  A la rg e  p ro p o rtio n  of th e  in c reased  GA-like 

a c t i v i t y  was a s so c ia te d  w ith  th e  o rg a n e lle s  them selves, and was th e re fo re  

no t due e n t i r e ly  to  in c re a se s  in  no n -o rg an e lle  a sso c ia te d  o r so lu b le  GA*s, 

I t  i s  a lso  of in t e r e s t  to  no te  th a t  th e  in c re a se s  in  GA-LS i s  an o v e ra ll 

in c re a se  in  GA le v e l s  and does no t appear to  be made up o f in c re a se s  in  

s p e c if ic  GA-like su bstances a s  f a r  a s  can be judged from b io assay  d a ta .
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A lso, th e re  do no t appear to  he any s p e c if ic  d if fe re n c e s  in  the  type of 

GA-LS and th e i r  d is t r ib u t io n  between th e  so lu b le  and th e  o rg an e lle  f r a c t io n s .

In  1976, Cooke and Kendrick advanced an o th er ex p lan a tio n  of t h e i r  r e s u l t s ;  

th ey  proposed th a t  a  5 min i r r a d ia t io n  w ith  re d  l i g h t  m ediated th e  re le a s e  

o f 'bound ' GA's p re sen t in  a s s o c ia tio n  w ith  th e  envelope membranes in to  

' f r e e '  GA's which were then  f r e e ly  so lu b le . The 'bound ' GA's were n o t 

e x tra c ta h le  in to  aqueous methanol whereas th e  ' f r e e '  GA's were. They a lso  

showed th a t  t h i s  response was due e n t i r e ly  to  a  response of f r a c t io n s  en

r ic h e d  f o r  e t io p la s t  envelope membranes. However, th e  term s 'bound ' and 

' f r e e '  a s  used by Cooke and Kendrick (1976) a re  extrem ely confusing . Free 

o r non-conjugated GA's have a  low degree of hyd roxy la tion  and th e re fo re  a  

h ig h  a f f in i t y  f o r  membranes. C onversely, bound o r conjugated  GA's have a 

high degree of hydroxy la tion  and consequently  have a very  low a f f in i t y  f o r  

membranes. Conjugated GA's are  GA's which a re  chem ically  combined w ith 

sugar o r amino a c id  re s id u e s .

The use o f th e  term 'bound' in  r e la t io n  to  a  m olecule in f e r s  th a t  i t  i s  

adsorbed o r non-chem ically  a sso c ia te d  w ith  a  macromolecule o r a  s u b -c e l lu la r  

s t r u c tu r e .  I t  was fo llow ing  the  sug g estio n  of Sembder e t  a l . , ( I 968) th a t  

th e  tenu  con jugated  was w idely accep ted  f o r  use a s  opposed to  th e  term  

bound. Reasons f o r  th e  use of t h i s  term  a re  e a s i ly  seen ftom th e  p re se n t 

confusion  in  the  l i t e r a t u r e .  The d a ta  o f Cooke and Kendrick (1976) (F ig .

25» page 7 8 ) ,  shows c le a r ly  th a t  n o n -a c id ic -e th y l-a c e ta te - so lu b le  GA's 

p re sen t in  the  dark  a re  converted  to  a c id ic - è th y l-a c e ta te -s o lu b le  GA's 

fo llow ing  i r r a d ia t io n  w ith re d  l i g h t .  I t  i s  very  s u rp r is in g  th a t  th e  non- 

a c id ic -e th y l- a c e ta te - s o lu b le  GA's, having a  low a f f in i t y  f o r  membranes^were 

found a s so c ia te d  ex c lu s iv e ly  w ith  th e  envelope membrane en riched  f r a c t io n .

I t  would seem reasonab le  to  expect th e se  m olecules, having a  h igh  degree 

o f hydroxy la t ion an d /o r a s s o c ia tio n  w ith ^ u c o s y l  m o ie ties  to  be p re sen t
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In  th e  so lu b le  components o f the  e t io p la s t s  i . e .  in  a s s o c ia tio n  w ith  th e  

strom a-enriched  f r a c t io n .  Indeed, r e s u l t s  p re sen ted  in  an o th er p a r t  of 

t h i s  th e s i s  show th a t  m e ta b o lite s  of [ GÂ  w ith  a  h igh  degree of 

hyd roxy la tion  a re  lo c a l iz e d  in  the  strom a f r a c t io n .  However, th e  con

c lu s io n s  of Cooke and K endrick (1976) a re  based on a  maximal response in  

the  l e t tu c e  hypocotyl b io assay  of 1 mm or l e s s .  I t  i s  th e re fo re  q u estio n 

ab le  whether th e  r e s u l t s  a re  s ig n i f ic a n t  a t  a l l .  Indeed^in t h e i r  e x p e ri

ments no r/FR r e v e rs a l  experim ents were perform ed and th e re fo re  the 

involvem ent of phytochrome in  the response can be regarded  a s  no more than  

extrem ely te n ta t iv e .

From d a ta  ob ta ined  in  t h i s  work th e re  was no evidence to  suggest th a t  

p o la r  GA's, which remain on th e  o r ig in  of the TLC p la te  fo llow ing  develop

ment, were converted  to  l e s s  p o la r  GA's by red  l i g h t  tre a tm e n t. Indeed, 

th e re  was a lso  no evidence th a t  i t  occurred  between th e  so lu b le  and the  

o rg a n e lle -en rich e d  f r a c t io n s .  In  th e se  experim ents no R/FR re v e rsa l  

tre a tm en ts  were perform ed. The involvem ent of phytochrome in  t h i s  response 

can th e re fo re  a lso  be regarded  as no more than te n ta t iv e .  However, o rg a n e lle  

suspensions s im ila r  to  th o se  used in  the  experim ents have been c h a ra c te r iz e d  

e x ten s iv e ly  in  term s of the  phytocl^ome m ediation of th e  l e v e ls  of GA-LS.

As th e  le v e l s  o f GA-like a c t i v i t y  were very  low and indeed c lo se  to  the  

l im i t s  o f d e te c tio n  of the  b io assay  the  o rg a n e lle  suspensions were d iv id 

ed in to  two equal a l iq u o ts  f o r  l i g h t  tre a tm e n t, i . e .  dark  and re d  l i g h t  

treatm ents^and  no t th re e  equal a l iq u o ts ,  i . e .  dark , re d  and r e d /f a r - r e d  

l i g h t  tre a tm e n ts , so th a t  th e  b io lo g ic a l a c t i v i t y  p e r trea tm en t would be 

h ig h er.

From th e  r e s u l t s  p resen ted  in  t h i s  p a r t  of th e  th e s i s  i t  appears th a t  

e t io p la s t- a s s o c ia te d  GA-LS may be bound to  a  s u b -e t io p la s t  s t ru c tu re  in  

a manner t h a t  ren d e rs  them n o t r e a d i ly  e x tra c ta h le  in to  aqueous m ethanol.
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Follow ing tre a tm en t w ith  re d  l i g h t  th e  b ind ing  s t ru c tu re  may become mod

i f i e d ,  in  an a s  y e t undermined n a tu re , such th a t  th e  GA m olecules a re  more 

re a d i ly  e x tra c ta h le  from th e  p la s t id s .
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Fig. 25

GA-like a c t i v i ty  a sso c ia te d  w ith  a c id ic  and n o n -ac id ic  e th y l 

a c e ta te - s o lu b le  f r a c t io n s  e x tra c te d  from e t io p la s t s  fo llow ing  

l i g h t  tre a tm en t and s u b - f ra c t io n a tio n .

(from Cooke and K enrick, 1976)
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(c ) ( l )  The uptake and metabolism of C^h] g ib b e r e l l  in  Aq in to  detached shoo ts  

o f Ibrdeum vu lgare  L. and th e  e f f e c t  o f l i g h t  trea tm en t on p la s t id  

f r a c t io n s  subsequen tly  is o la te d .  (For d e sc r ip tio n  of method see 

F ig . 26 , page 83) .

In  a  f u r th e r  a ttem p t to  s tudy  th e  r o le  of phytochrome in  th e  co n tro l of 

e t io p la s t  g ib b e r e l l  in  le v e l s  a s e r ie s  o f experim ents w ith  aC^H] g ibber e l l  in  

were perform ed. I n ta c t  shoo ts o f HOrdeum vu lg are  L. see d lin g s  were in cu b a t

ed in  a  b u ffe red  so lu tio n  of C^H] g ib b e re l l in  A  ̂ and the  e f f e c t s  o f l i g h t  

tre a tm e n ts  on th e  d i s t r ib u t io n  of r a d io a c t iv i ty  in  p la s t id -e n r ic h e d  f r a c t 

io n s  subsequen tly  is o la te d  from th e se  shoo ts were s tu d ie d .

G ib b e re llin  b io sy n th e s is  i s  b e liev ed  to  proceed in  th e  o rd e r of in c re a s in g  

h y d roxy la tion  ( Geissman e t  a l . , I966 ; V erb iscar e t  a l . , 1967; Gross e t  a l .

1966) and GA ,̂ a  non-hydroxylated  GA could th e re fo re  serve  a s  an e f f i c i e n t  

p re c u rso r to  o th e r  GA's. I t  was hoped th a t  the  use o f a  ra d io a c tiv e  t r a c e r  

would enable any phytochrome-mediated responses to  be p resen ted  on a  more 

q u a n t i ta t iv e  b a s is  than  by th e  use of b io assay  d a ta  a lo n e .

The problems involved in  exp ressing  b io assay  d a ta  have been p rev io u sly  

d iscu ssed . Long term in cu b a tio n s  of detached  shoo ts  in  [% ] g ib b e re l l in  

A^ were chosen a s  opposed to  s h o r t  term  d i r e c t  feed in g  of la b e l  to  e t io p la s t  

suspensions to  ensure th a t  p la s t id s  were capab le  o f tak in g  up th e  ra d io -  

a c t iv e ly - la b e l le d  compound in  v iv o .

Whole shoo ts o f dark-grown Hordeum v u lgare  L. seed lin g s  o f vary ing  ages 

were incubated  in  a  b u ffe red  so lu tio n  of L ^h]  g ib b e re l l in  A  ̂ [see  

Experim ental D e ta i ls ,  page 18 , j ( i ) ]  f o r  24h a t  24°G. At th e  end of the 

in cu b a tio n  p e rio d  r a d io a c t iv i ty  a s s o c ia te d  w ith  both  th e  whole shoo ts and 

w ith  a  t o t a l  p la s t id  f r a c t io n  is o la te d  from them Csee E xperim ental D e ta i l s ,  

page 14, (d) (2 .1 )3  was a sse sse d ,F ig . 27» page 84 , shows th e  r e s u l t s  of
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such measurements. The maximum amount o f r a d io a c t iv i ty  recovered  from bo th  

a t o t a l  shoot homogenate and from th e  p la s t id -e n r ic h e d  f r a c t io n s  was from 

s ix  day old p la n ts .  P la n t m a te ria l of th i s  age was th e re fo re  used ro u t

in e ly  in  a l l  subsequent experim ents.

F ig . 28, page 85, shows th e  d is t r ib u t io n  of r a d io a c t iv i ty  (fo llow ing  TLC)

e x tra c ta h le  in to  aqueous methanol from both  a  t o t a l  shoot homogenate and

from a  to t a l  p la s t id  f r a c t io n .  I f  t h i s  f ig u re  i s  compared w ith F ig . 29, 

page 86 (th e  d i s t r ib u t io n  of r a d io a c t iv i ty  a sso c ia te d  w ith  the s tan d ard  

? h3 g ib b e re l l in  fo llow ing  TLC), i t  i s  c le a r  th a t  th e  d is t r ib u t io n  

a s so c ia te d  w ith both  f r a c t io n s  has changed markedly from th a t  o r ig in a l ly  

a p p lie d . This d a ta  su g g es ts , th e re fo re , th a t  a  la rg e  p ro p o rtio n  of the 

r a d io a c t iv i ty  a sso c ia te d  w ith the  ap p lied  [^h3 g ib b e re l l in  A  ̂ i s  now 

a s so c ia te d  to  a  very  la rg e  e x ten t w ith o th e r compounds. The most marked 

change i s  the t r a n s f e r  of r a d io a c t iv i ty  to  p o la r  m a te ria l ( i . e .  m a te ria l 

rem aining on th e  o r ig in  of the TLC p la te  fo llow ing  TLC.) Metabolism of 

th e  [^h ] g ib b e re l l in  A  ̂ had, th e re fo re , occurred .

F ig . 30, page 87, shows the  d is t r ib u t io n  of r a d io a c t iv i ty  in  zones 1 cm in

le n g th  is o la te d  from the e n t i r e  le n g th  of th e  Hordeum vu lgare  L. sh o o ts . 

H ighest amounts o f r a d io a c t iv i ty  were recovered  from the  zones n e a re s t the  

bases o f th e  shoo ts  ( i . e .  th e  p o r tio n s  of the  shoots n e a re s t th e  p o in t of 

immersion in  th e  r a d io a c tiv e ly - la b e lle d  s o lu t io n ) .  There were, however, 

co n sid erab le  amounts of r a d io a c t iv i ty  a sso c ia te d  w ith a l l  the  o th e r zones. 

Although e t io p la s t  suspensions were not i s o la te d  from every zone those  

is o la te d  from segments 3 cm in  le n g th , 1 cm from th e  apex of th e  shoo ts had 

r a d io a c t iv i ty  a sso c ia te d  w ith them. Indeed, when th e se  eb io p last-en rich ed  

suspensions were lay e red  onto a d iscon tinuous sucrose  d e n s ity  g ra d ie n t and 

c en tr ifu g e d  [see  Experim ental D e ta ils  page 19 j ( i i ) ]  between 15^ and 35^ 

of the  to t a l  r a d io a c t iv i ty  recovered  passed in to  the  g ra d ie n t. These
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r e s u l t s  suggest th a t  a c o n s is te n tly  m easurable amount o f r a d io a c t iv i ty  was 

a s so c ia te d  w ith th e  o rg an e lle  f r a c t io n s  d e sp ite  a  la rg e  p ro p o rtio n  rem ain

ing  on top o f th e  g ra d ie n t and being t r u l y  so lu b le  C sigs, 31(a) and (b ) , 

page 88 ]. When s im ila r  e t io p la s t  suspensions were f u r th e r  f r a c t io n a te d  by 

th e  method of Mackender and Leech (1970), only of the r a d io a c t iv i ty  was 

a s so c ia te d  w ith the envelope membrane-enriched f r a c t i o n , 11^ was a sso c ia te d  

w ith  th e  p ro la m e lla r  body-enriched f r a c t io n  and Q3% was a s so c ia te d  w ith th e  

so lu b le  components of th e  s trom a-enriched  f r a c t io n  (Table 6 , page 89)*

Table 7, page 9 0 , shows th e  r e s u l t s  of experim ents in  which ra d io a c tiv e ly -  

la b e l le d  e t io p la s t  suspensions were su b jec te d  to  l i g h t  tre a tm en ts  in  v i t r o  

a t  24°G. Im m ediately fo llow ing  l i g h t  tre a tm en t the e t io p la s t  suspensions 

were la y e red  onto a  p re -co o led  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t. 

Follow ing c e n tr i fu g a t io n , the  d i s t r ib u t io n  of r a d io a c t iv i ty  between two 

f r a c t io n s  is o la te d  from the g ra d ie n ts  was estim ated . The r e s u l t s  show 

th a t  a  5 min i r r a d ia t io n  w ith re d  l i g h t  has no d e te c ta b le  e f f e c t  on the 

d i s t r ib u t io n  of r a d io a c t iv i ty  between th e  f r a c t io n s  is o la te d  when compared 

to  s im ila r  f r a c t io n s  th a t  were m ain tained  in  darkness throughout the t r e a t 

ment p e rio d . S im ila r ly ,th e re  was no d e te c ta b le  d if fe re n c e  in  th e  

d is t r ib u t io n  of r a d io a c t iv i ty  between th e  f r a c t io n s  when e t io p la s t -  

en riched  were m aintained in  darkness f o r  vary ing  p e rio d s  fo llow ing  a 5 min 

red  i r r a d ia t io n  compared to  those m ain tained  in  darkness throughout th e  

trea tm en t p e rio d  (Table 8 , page 9I  ) .  When l i g h t - t r e a te d  e t io p la s t -  

en rich ed  suspensions were e x tra c te d  in to  aqueous methanol and su b jec ted  

to  TLC (F ig . 32 , page 9 2 ) th e re  was only  very  l i t t l e  apparen t change in  

the d is t r ib u t io n  of r a d io a c t iv i ty  between th e  tre a tm e n ts . The d i s t r i b u t 

ion of r a d io a c t iv i ty  e x tra c te d  from th e  red -1  ig h t - t r e a te d  samples d i f f e r 

ed from the  dark and the r e d / f a r - r e d  t r e a te d  samples only in  the  ra d io 

a c t i v i ty  a sso c ia te d  w ith  the Rf zones 0 .8 -0 .9  and O.9- I .O . Approximately 

10^ more of th e  r a d io a c t iv i ty  was a sso c ia te d  w ith Rf zone 0 .8 -0 .9  in  the
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red -1  ig h t- t r e a te d  sam ples. This in c re a se  in  r a d io a c t iv i ty  was due to  an 

approxim ate decrease  in  the  a c t i v i t y  of Rf zone 0 .9 -1 .0  and only  minor 

d ecreases  in  th e  amount of r a d io a c t iv i ty  a sso c ia te d  w ith  the  rem aining 

zones. The in c re ase  could  n o t be accounted f o r  by any lo s s  in  r a d io a c t iv i ty  

a s so c ia te d  w ith more p o la r  m a te r ia l .
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Pig. 26

General procedure f o r  the  in v e s t ig a tio n  of th e  uptake of ra d io 

a c t i v i t y  from a  b u ffe red  s o lu tio n  co n ta in in g  [^ h3 g ib b e re l l in  

in to  detached shoo ts of Hordeum v u lgare  L. and the  e f f e c t s  o f 

l i g h t  trea tm en t in  v i t r o  on e t io p la s t- e n r ic h e d  suspensions sub

seq u en tly  is o la te d .



Sample

Sucrose
25%
55%

1
Barley shook incubated in 
a buffered solution of 
[^H] gibberellin Aç

Laminae segments isolated 
3cm in length, 1cm from the apex

1
Isolation of organelle fractions

Light treatments at 24 C

Discontinuous sucrose gradient 
centrifugation

Fractionation and measurement of 
radioactivity associated with soluble 
and organelle fractions
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Fig. 27

The e f f e c t  of age o f p la n t m a te ria l on th e  uptake o f ra d io 

a c t iv i ty  from a  b u ffe red  s o lu t io n  of L^h 3 g ib b e re l l in  in to  

shoo ts  o f Hordeum vu lg are  L . du ring  a  24h in cu b a tio n  a t  24°G 

in  t o t a l  darkness.

  uptake in to  whole shoo ts

  uptake in to  an e t io p la s t- e n r ic h e d

suspension  subsequen tly  is o la te d  

from a t o t a l  l e a f  homogenate.

The age of th e  p la n t m a te ria l a t  the  te rm in a tio n  of th e  e x p e r i

ment was age from sowing p lu s  24h.
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F ig . 28

The d i s t r ib u t io n  of r a d io a c t iv i ty  in  a  to ta l  l e a f  e x tra c t

( ---------- ) and an e tio p la n t-e n r ic h e d  e x tr a c t  ( --------) fo llow ing

e x tra c tio n  in to  aqueous methanol and TLC,
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F ig . 29

The d is t r ih u t io n  of r a d io a c t iv i ty  a s so c ia te d  w ith  th e  s tan d ard  

[^H] g ib b e re l l in  fo llow ing  TLC.
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Fig. 30

The uptake of r a d io a c t iv i ty  from a  "buffered so lu tio n  co n ta in in g  

g i"bbere llin  in to  1 cm zones i s o la te d  from shoo ts  of 

Hordeum v u lgare  L. fo llow ing  a  24h in cu b a tio n  a t  24°G in  t o t a l  

d a rk n ess ,
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Fig* 31 .a and bï

(a )  D esc rip tio n  of th e  d isco n tin u o u s sucrose  d e n s ity  g ra d ie n t 

and th e  l im i t s  of samples f r a c t io n a te d  fo llow ing  

c e n tr ifu g a tio n .

(b) The percen tage d is t r ib u t io n  of r a d io a c t iv i ty  between 

so lu b le  and o rg an e lle  f r a c t io n s  fo llo w in g  c e n tr ifu g a tio n

of r a d io a c t iv e ly - la b e l le d  e t io p la s t- e n r ic h e d  suspensensions,



Sample
soluble
fraction

organelle
fraction

55'/,

(b)

T otal dpm recovered

Total dpm recoveredSoluble f ra c t io n  

1 SE

Organelle f r a c t io n  

t  SE

73 4 27 1 4820

80 11 20 4 892

73 11 27 5 1218

82 12 18 4 1302

67 3 33 2 4194

86 13 14 3 1800

69 9 31 5 911

65 3 35 2 3924

85 13 15 3 1210
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Table 6

The percen tage d i s t r ib u t io n  of r a d io a c t iv i ty  in  e t io p la s t -  

en riched  suspensions fo llo w in g  f r a c t io n a t io n  by th e  method 

d esc rib ed  by Mackender and Leech (1970)«
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Table 7

The percen tage d i s t r ib u t io n  of r a d io a c t iv i ty  between the  so lu b le  

and o rg an e lle  f r a c t io n s  o f  a  d isco n tin u o u s sucrose  d e n s ity  

g ra d ie n t fo llo w in g  l i g h t  tre a tm e n ts  a t  24°0 and subsequent 

c e n tr ifu g a tio n  of r a d io a c t iv e ly - la b e l le d  e tio p la s t- e n r ic h e d  

suspensions.

The o rg a n e lle  suspensions were d iv id ed  in to  two equal a l iq u o ts  

p r io r  to  l i g h t  tre a tm en t, th e  r e s u l t s  p resen ted  a re  th e re fo re  

d i r e c t ly  com parable.
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T able 8

The percen tag e  d i s t r ib u t io n  o f r a d io a c t iv i ty  between th e  p l a s t i d  

and so lu b le  f r a c t io n s  o f a  d isco n tin u o u s  su cro se  d e n s ity  

g ra d ie n t fo llow ing  c e n tr ifu g a tio n  o f r a d io a c t iv e ly - la b e l le d  

e t io p la s t  suspensions i r r a d ia te d  w ith  5 min re d  l i g h t  and 

m ain ta ined  in  darkness fo r  v a ry in g  p e rio d s  a t  24°C.

The o rg a n e lle  suspensions were d iv id ed  in to  two equal a l iq u o ts  

p r io r  to  l i g h t  tre a tm e n t. The r e s u l t s  p re sen te d  a re  th e re fo re  

d i r e c t ly  com parable.
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F ig . 32

The e f f e c ts  of l i g h t  trea tm ent in  v i t r o  on the  d is t r ib u t io n  of 

r a d io a c tiv i ty  of e tio p la s t-e n r ic h e d  suspensions fo llow ing 

e x tra c tio n  in to  aqueous methanol and TLG.

The o rg an e lle  suspensions were d ivided in to  th ree  equal a liq u o ts  

p r io r  to  l i g h t  tre a tm en t. The r e s u l t s  p resen ted  a re  th e re fo re  

d i r e c t ly  comparable.

T o tal dpm recovered per trea tm en t;

dark 1443

red  1362

re d /fa r - r e d  I63I

Treatm ents:

10 min in  darkness 

5 min red p lus 5 min in  darkness 

5 min red  p lus 5 min fa r - re d

Rf values of au th en tic  GA”s:

GÂ  0.23

GA4 /7  0-65

GAç 0.92
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(2) D iscussion

Whole shoo ts  of e t io la te d  seed lin g s  of Hordeum vuLgare L. were a b le  to  

take  up r a d io a c t iv i ty  from a  b u ffe red  s o lu tio n  of [^H] g ib b e re l l in  

over a  24h in cu b atio n  p e rio d . Some of th e  r a d io a c t iv i ty  was a sso c ia te d  

w ith  e t io p la s t- e n r ic h e d  f r a c t io n s  subsequen tly  is o la te d  from th e se  sh o o ts . 

The m a jo rity  of th e  r a d io a c t iv i ty  was a sso c ia te d  w ith more p o la r  m a te ria l 

( i . e .  m a te r ia l rem aining a t  th e  o r ig in  fo llo w in g  TLC) than  th e  g ib b e re l l in  

o r ig in a l ly  su p p lied . There was th e re fo re  evidence th a t  m etabolism of 

th e  g ib b e re l l in  A  ̂ had occurred . In  th e  absence of p h y s ica l d a ta  e .g .

GG-MS o r GC-RG i t  was no t p o ss ib le  to  determ ine th e  ex ac t n a tu re  of the  

ra d io a c t iv e ly - la b e l le d  m e tab o lite s  o r , indeed, to  confirm  th a t  th e  m etabol

i t e s  were g ib b e re ll in -1  ik e . However, th e re  i s  evidence to  suggest th a t  

[^H ] g ib b e re l l in  A  ̂ does n o t accum ulate in  l e t tu c e  hypocotyl t i s s u e ;  

a f t e r  a  2h in cu b atio n  in  C^h 3 GAq , 9 ^  o f the  t o t a l  t i s s u e  r a d io a c t iv i ty
7

was no lo n g e r a s so c ia te d  w ith GA  ̂ (Nash e t  a l . , 1978). There was evidence 

to  suggest th a t  a  major m etab o lite  i s  GA^  ̂ and th a t  t h i s  and two presump

t iv e  g lu co sid es  continued  to  in c re a se  up to  24h. In  feed in g  s tu d ie s  w ith  

peas , using  GG-MS f o r  id e n t i f ic a t io n  of a l l  p roducts  and GG-RG to  r e l a t e  

them w ith  th e  l a b e l ,  Frydman and MacMillan (1975) found th a t  GÂ  was

converted  to  Ĉ H ] GA^q dihydro -  ] GA^  ̂ and a  conjugate  o f th e  l a t t e r .

[^H ] GAgg was converted  to  [^H ] GA^  ̂ and a lso  to  co n jugates  of bo th  

[^h J gA^q and [^H ] GA^^. Gonversion of Ĉ H ] GA  ̂ to  and

[^H ] GAgQ as  w ell as  conversion  of th e  l a t t e r  to  Ĉ H ] GA^  ̂ in  pea seed lin g s  

and germ inating  peas was shown independently  by R ail ton e t  a l . . (1 9 7 ^ , b ) . 

They a lso  showed th a t  the  ra d io a c tiv e  in te rc o n v e rs io n  p roducts  produced

by th e  pea from the  L H JGA^ had chrom atographic p ro p e r t ie s  s im ila r  tof t  ]OAg

b io lo g ic a l ly -a c t iv e  GA-LS p re se n t in  e t io la te d  shoo ts o f dwarf pea as 

a sse ssed  by the  dwarf pea b io assay . Metabolism of o th e r t r i t i a t e d  GA*s
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e .g .  GÂ  and GÂ  to  more p o la r  compounds has a lso  been shown to

occur in  dwarf pea t i s s u e  (Jo n es  and Lang, 1968; and Musgrave and Kende, 

1970 r e s p e c tiv e ly ) . I t  seems reaso n ab le , th e re fo re , on th e  b a s is  of 

pub lish ed  d a ta  to  suggest th a t  many of the  r a d io a c tiv e ly - la b e lle d  met

a b o l i te s  p re sen t in  a s s o c ia tio n  w ith  the  is o la te d  e t io p la s t s  s t i l l  have a 

gibbane sk e le to n  and th a t  they  may re p re se n t those  g ib b e re ll  in s  n a tu ra l ly -  

o ccu rrin g  in  th e  e id o p la s ts .

L ig h t tre a tm en ts  had no d e te c ta b le  e f f e c t  on th e  d is t r ib u t io n  o f r a d io 

a c t i v i t y  between th e  so lu b le  and o rg an e lle  f r a c t io n s .  There was th e re fo re  

no evidence to  suggest an e f f e c t  of phytochrome on the p e rm eab ility  of the 

e t io p la s t  membranes w ith  re sp e c t to  th e  r a d io a c tiv e ly - la b e lle d  m e ta b o lite s . 

When l i g h t - t r e a t e d  e t io p la s t  suspensions were e x tra c te d  in to  methanol 

and su b jec ted  to  TLG th e re  was no marked change in  the  d is t r ib u t io n  of 

r a d io a c t iv i ty  between tre a tm e n ts . There was, however, a  very  sm all in 

c rease  in  the  amount of r a d io a c t iv i ty  a sso c ia te d  w ith the Rf zone 0 .8 -0 .9  

in  r e d - l ig h t - t r e a te d  suspensions.

I t  would seem necessary , in  fu tu re  experim ents^to  id e n t i fy  the  ra d io -  

a c t iv e ly - la b e l le d  compounds by p h y sica l methods and a ttem p t to  r e l a t e  

th e se  to  b io lo g ic a l a c t i v i ty .  However w ith a  corgound of such h igh  

s p e c if ic  a c t i v i t y  (48 Gi mmol” ^) the  mass involved i s  so sm all th a t  th e  

use of a  b io assay  may no t prove very  f r u i t f u l .
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(d ) In v e s tig a tio n s  of th e  a s s o c ia t io n  in  v i t r o  of *soluble* phy to- 

chrome w ith  o rg an e lle  f r a c t io n s  and i t s  p o ss ib le  e f f e c t  on the  

le v e l s  of b io lo g ic a l ly -a c t iv e  GA-LS.

C u rren tly , the  most p opu lar h y p o th esis  f o r  th e  mechanism of a c tio n  o f 

phytochrome, proposed by Hendricks andBorthw ick ( I 967) , co n sid e rs  phyto

chrome to  modulate d i r e c t ly  the  p ro p e r t ie s  of some, o r a l l ,  c e l l u l a r  mem

b ran es . The h y p o thesis  has s tim u la te d  an ex ten s iv e  search  fo r  m eaningful 

a s s o c ia t io n s  between phytochrome and p la n t  membranes. From th i s  sea rch , 

two g en era l c a te g o r ie s  of phytochrome-membrane a s s o c ia tio n s  may be d e fined :

(a )  a  sm all p ro p o rtio n  o f the  t o t a l  c e l l  phytochrome of e t io la te d  p la n ts  

i s  found in h e re n tly  a sso c ia te d  w ith  p a r t ic u la te  m a te ria l (R ub inste in  ^  

^ . , 1969» Gooke e t  a l . , 1975» Evans and Smith. 1976a and b; Furuya and Manabe, 

1976; and in  t h i s  work) and (b) a  l a r g e r  p ro p o rtio n  may be induced to  

a s s o c ia te  w ith  p a r t ic u la te  m a te ria l upon photoconversion o f P r to  P f r  w ith  

red  l i g h t  in  some p la n t t i s s u e s  (Q uail e t  a l . , 1973» Furuya and Manabe,

1976; Mamie e t  a l . , 1976; Quail and G resse l, 1976;). As y e t th e re  i s  

no evidence th a t  the  r e d - l ig h t  induced a s s o c ia tio n  of phytochrome w ith 

p a r t i c l e s  i s  r e la te d  to  phytochrome a c tio n : how ever,since r e l a t iv e ly

la rg e  amounts (up to  80^) of the  t o t a l  homogenate phytochrome may be in 

volved the  phenomenon i s  much s im p ler to  in v e s t ig a te  and consequently  a  

la rg e  body of in fo rm ation  has been g a th ered . P r a t t  (1977) has comprehen

s iv e ly  review ed the l i t e r a t u r e  on red-m ediated  phytochrome-membrane 

a s s o c ia tio n s  and d e sc rib e s  two main c a te g o rie s : (a )  a  d e f in i te  in  v i t r o

a s s o c ia tio n ; and (b) a  p o ss ib le  in  v ivo  a s s o c ia tio n . The in  v i t r o  

a s s o c ia tio n  can be observed in  homogenates, i s  s e n s i t iv e  to  high pH and 

io n ic  s tre n g th , i s  in s e n s i t iv e  to  d iv a le n t c a tio n s  (a lthough  c a tio n s  a t  

ca . lOmM a re  re q u ire d  to  p e l l e t  the  phytochrom e-associated  p a r t i c l e s ) ,  has 

only been found in  a  few sp ec ie s  (G ucurb ita , Zea. S in a p is , and Pisum) and 

probably  re p re se n ts  a  p h y s io lo g ic a lly  n o n -re lev an t a d so rp tio n  of P f r  to
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p a r t i a l l y  degraded rib o n u c le o p ro te in  m a te ria l (Q uail, 1975; Q uail and

G resse l, 1976), The s o -c a lle d  in  vivo a s s o c ia tio n  e i th e r  occurs upon red

i r r a d ia t io n  in  v iv o , o r  im m ediately upon hom ogenization o f r e d - i r r a d ia te d
2+ Zt"t i s s u e s ,  re q u ire s  around lOmM Mg o r Ca (presum ably f o r  ag g reg atio n  of 

membranous m a te r ia l) ,  i s  r e l a t iv e ly  in s e n s i t iv e  to  pH and io n ic  s tre n g th , 

and has been found in  a l l  e leven  sp ec ie s  so f a r  surveyed, P r a t t  and Marme, 

( 1976) ,  Marme, (1977) and P r a t t , (1978) in  rev iew s, conclude th a t  th e  ' in  

v iv o ' a s s o c ia tio n s  may be r e la te d  to  the  prim ary mechanism of phytochrome 

a c tio n , b u t d e f in i t iv e  evidence on th i s  p o in t does not y e t e x is t .

An in te r p r e ta t io n  which has become popular amongst au th o rs  in  th i s  f i e l d  

i s  th a t  a  s p e c if ic ,  m em brane-associated, re c e p to r  f o r  P f r  e x is t s  (e .g . 

S chafer, 1975» S te in i tz  e t  a l . ,  1976). As P r a t t ,(1978) p o in ts  out how

ev er, th re e  im portan t c r i t e r i a  need to  be f u l f i l l e d  b e fo re  such an i n t e r 

p re ta t io n  can be allow ed: (a ) th e  in te r a c t io n  must be s p e c if ic  f o r

phytochrome, as  opposed to  o th e r p ro te in s ;  (b) th e  b ind ing  a f f i n i t y  must 

be h igh  and c o n s is te n t w ith  th e  known b io lo g ic a l  a c t i v i ty  o f phytochrome; 

and (c ) th e  in te ra c t io n  of P f r  w ith  th e  p u ta tiv e  re c e p to r  must be r e la te d  

to  the  ex p ression  of i t s  b io lo g ic a l a c t i v i t y .  I t  i s  d i f f i c u l t  to  see how 

th ese  c r i t e r i a  can be exp erim en ta lly  s a t i s f i e d  in  an a s s o c ia tio n  idiich 

probably  ta k es  p lace  only in  v iv o ; what i s  needed i s  an in  v i t r o  asso c 

ia t io n ,  f r e e  of the  a r t i f a c tu a l  problems o u tlin e d  by Q uail and G ressel 

( 1976) and which may be in v e s t ig a te d  by th e  c la s s ic a l  techn iques of l ig a n d -  

re c e p to r  th eo ry .

In  th i s  s e c tio n  experim ental r e s u l t s  a re  rep o rte d  which a re  a  s te p  to 

wards such an in  v i t r o  phytochrome-membrane a s s o c ia tio n  in  which R/FR 

r e v e r s i b i l i t y  in  v i t r o  ( i . e .  th e  m ediation of GA le v e ls )  has a lread y  been 

shown to  e x i s t .
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( i )  Red l ig h t- in d u c e d  phytochrome p e l l e t a b i l l t y  in  crude homogenates of 

e t io la te d  Hordeum vulg a re  L. le av e s  ( f o r  d e sc r ip tio n  of method see 

33. page 9 8 )

The e f f e c t s  o f in  v i t r o  i r r a d ia t io n s  of crude homogenates ( f i l t e r e d  through 

m irac lo th ) of e t io la te d  Hordeum vu lg are  L. le a v e s  on th e  amount of phyto

chrome a s s o c ia te d  w ith  6KP f r a c t io n s  subsequently  p repared  from th e  homo

g en ates  were in v e s t ig a te d  by Dr A Evans a t  S u tton  Bonington, 1975-6. Crude 

homogenates and 6KP f r a c t io n s  were prepared  a s  d e sc rib ed  in  the  Experim ental 

D e ta ils  on page 12(d) 1 .1 . The r e s u l t s  she ob ta ined  a re  s e t  out in  Table 9 

( a ) , page 9 9 . A 5 min i r r a d ia t io n  w ith re d  l i g h t  in c reased  by approx

im ate ly  GOffo the  ^ e c i f i c  a c t i v i ty  of th e  6KP m a te r ia l .  A 5 min irrad .-  

ia t io n  w ith  f a r - r e d  l i g h t  given im m ediately subsequent to  the  red  

i r r a d ia t io n  d id  no t r e s u l t  in  any d im in u itio n  o f th e  re d  lig h t- in d u c e d  

p e l l s t a b i l i t y  of phytochrome.

The a s s o c ia tio n  of phytochrome w ith the  p e l ls ta b le  m a te ria l i s  q u ite  s ta b le ,  

both in  th e  P r and th e  P f r  form. F ig . 34, page 100» shows the  time course  

o f the  lo s s  o f s p e c tra l  p h o to re v e rs ib i l i ty  in  a  d a rk -in o cu la ted  homo

g enate , and in  a  s im ila r  homogenate t r e a te d  w ith  red  l i g h t  and re tu rn e d  

to  darkness. Loss of t o t a l  phytochrome fo llow s a  s im ila r  course in  b o th  

sam ples. Dark and re d  l i g h t  t r e a te d  homogenates were subsequen tly  p u r i 

f ie d  by th e  G-50  method. Csee Experim ental D e ta i ls ,  page ^3, (d) 1 .2  ].

The red  l i g h t  t r e a te d  homogenates showed an approxim ate 50^ enrichm ent 

o f the  s p e c if ic  a c t i v i t y  of th e  phytochrome a s so c ia te d  w ith th e  column 

e lu a te  (G-50) when compared to  th o se  prepared from dark-m ain tained  homo

genates  b a b le  9 (b ) , page 9 9 ].
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Fig. 33

General procedure f o r  the  in v e s t ig a tio n  o f phytochrome

p e l l  s t a b i l i t y  in  crude homogenates of e t io la te d  Hordeum vu lgare

L . le a v e s .

A liquo ts  of samples marked * were used in  experim ents.



Etiolated Hordeum vulqare L. laminae

Homogenization at 3-4  C

Filtration through miracloth at 3*4 C

Light treatments at 25*C

Centrifugation 6000g Imin

6KP
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6KS

Sephadex G-50 (coarse) 

gel filtration
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Table 9 (a )  and (T5)

(a ) L igh t-induced  phytochrome p e l l e t â t  11 I ty  o f f i l t e r e d

homogenates of e t io la te d  Hordum v u lg are  L. le a v e s ,

(h) L igh t-induced  phytochrome p e l le ta h H i ty  o f f i l t e r e d

homogenates p u r i f ie d  by th e  G-50 method.

[from  Evans, 1975-6 (unpublished  r e s u l t s )  and sub

seq u en tly  from Smith, Evans and H ilto n , 1978 ]
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Fig. 34

Time course of th e  lo s s  o f s p e c tra l  p h o to - r e v e r s ib i l i ty  in  

fre sh ly -p rep a red  homogenates of e t io la te d  Hordeum vu lgare  L, 

le a v e s .

(from Smith, Evans and H ilto n , 1978)

Treatm ents:

a l iq u o t g iven  5 min red  l i g h t  and re tu rn e d  too
darkness

a l iq u o t  m aintained in  darkness
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(2) The a s s o c ia tio n  o f 'so lu b le*  phytochrome w ith  p e l le ta b le  m a te r ia l.
(For d e sc r ip tio n  of method see F ig . 5, page 3 l )«

I f  th e  red  lig h t-m e d ia te d  in c re ase  in  phytochrome p e l l e t a b i l i t y  found by 

Evans (1975-6) in  crude homogenate? re p re se n ts  an a s s o c ia t io n  of 'so lu b le*  

phytochrome w ith  p a r t ic u la te  m a te r ia l , then a  s im ila r  phenomenon should  

occur i f  's o lu b le ' phytochrome, com pletely  devoid o f p e l le ta b le  m a te r ia l ,  

i s  mixed w ith  p u r if ie d  o rg a n e lle s . This was te s te d  i n i t i a l l y  by Evans, 

and subsequently  by myself^ by in cu b a tin g  an a l iq u o t  of p a r t i a l ly - p u r i f i e d  

o rg a n e lle s  ob ta ined  by th e  G-50 method [ fo r  Experim ental D e ta i ls  see 

page 13 (d) 1 .2 ]  w ith  an a l iq u o t  of th e  lOOKS f r a c t io n  [ fo r  Experim ental 

D e ta i ls  see page 1 7 ( f ) ]  which con tained  s u b s ta n tia l  amounts of ' s o lu b le ' 

phytochrome bu t no p e l le ta b le  m a te r ia l .  The a l iq u o ts  of so lu b le  phyto

chrome con tained  an average of 2 .02  mg p ro te in  and gave 0.0113 A ( 6kA) 

y ie ld in g  a s p e c if ic  a c t i v i t y  of 5»59 x 10 ^A (A A )m g p ro te in ” ^. Table 10, 

page 102; shows th a t  sim ple mixing o f such a l iq u o ts  in  th e  absence of l i g h t  

tre a tm e n t does no t y ie ld  enhanced p e l l e t a b i l i t y .  Iphytochrome p e l l e t 

a b i l i t y  was e stim ated  as  o u tlin e d  in  the  Experim ental D e ta ils  on page 17 

( g ) l .  On th e  o th e r hand, i f  such m ix tures a re  i r r a d ia te d ,  a f t e r  mixing, 

wi"Ü\ red  l i g h t ,  the s p e c if ic  a c t i v i t y  of the  phytochrome d e te c ta b le  in  

th e  subsequen tly  p repared  6KP f r a c t io n  i s  approxim ately  doubled. A f a r -  

re d  i r r a d ia t io n  g iven  im m ediately subsequent to  th e  re d  i r r a d ia t io n  does 

n o t d im in ish  th e  in c reased  p e l l e t a b i l i t y  of phytochrome. In  a  number o f 

c o n tro l experim ents a  red  i r r a d ia t io n  was found to  have no d e te c ta b le  

e f f e c t  on th e  amounts o f p e l le ta b le  phytochrome in  a l iq u o ts  from the 

G-50 column. S im ila r ly , a l iq u o ts  of so lu b le  phytochrome d id  no t co n ta in  

any phytochrome p e l le ta b le  a t  6,000g when i r r a d ia te d  w ith  red  l i g h t  or 

m ain tained  in  darkness.
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Table 10

The l ig h t- in d u c e d  a s s o c ia tio n  o f ' so lu b le  ' phytochrome w ith  a  

G-50 o rg a n e lle  f r a c t io n .

[from Smith, Evans and H ilto n , 1978 ]
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( 3) The e f f e c t  o f -p re - ir ra d ia t io n  on phytochrome p e l l e t a b i l i t y  

I t  appears from th e  r e s u l t s  p re sen ted  th a t  an i r r a d ia t io n  w ith red  l ig h t  

induces 's o lu b le ' phytochrome to  a s s o c ia te  w ith  the  G-50 o rg a n e lle s , and 

th a t  photoconversion  of associated-phytochrom e from P f r  to  P r  does no t 

le ad  to  a  lo s s  o f p e l l e t a b i l i t y .  Indeed, d a ta  o f Evans shows th a t  even 

when samples a re  m aintained in  the  P r s t a t e  a f t e r  a  r e d / f a r - r e d  i r r a d 

ia t io n  sequence f o r  sev e ra l hours, no d e te c ta b le  lo s s  o f p e l l e t a b i l i t y  was 

observed, (F ig . 35, page 1 04 ). I t  was im p o r ta n t,th e re fo re , to  t e s t  whether 

th e  a s s o c ia t io n  of so lu b le  phytochrome w ith  th e  p e l le ta b le  m a te ria l was 

dependent on th e  presence of P f r  in  e i th e r ,  o r both of the  components.

Table 1 1 (a), page 105, shows d a ta  from experim ents in  which a l iq u o ts  of 

's o lu b le ' phytochrome and G-50 o rg an e lle  suspensions were t r e a te d  s e p a ra t

e ly  w ith  e i th e r  red , red  fo llow ed by f a r - r e d  o r m aintained in  darkness 

p r io r  to  c e n tr ifu g a tio n . These r e s u l t s  show th a t  th e  in c rease  in  p e l l e t 

ab le  phytochrome occurs only i f  bo th  th e  components of th e  m ixture a re  

i r r a d ia te d  w ith red  l i ^ t .  Table 12, page 106, shows d a ta  from sep a ra te  

experim ents in  which the  G-50 o rg a n e lle  suspensions and the  so lu b le  phyto

chrome were su b jec ted  to  re d , or r e d / f a r - r e d  trea tm en t s e p a ra te ly  p r io r  to  

mixing and c e n tr ifu g a tio n . I t  i s  c le a r  from th e se  r e s u l t s  th a t  th e  re q u ire 

ment f o r  red  i r r a d ia t io n  re p re s e n ts ,  in  f a c t ,  a  requirem ent f o r  the  

presence of P f r .  Thus, th e  in c re a se  in  p e l le ta b le  phytochrome only  occurs 

i f  P f r  i s  p re sen t in  both  th e  o rg an e lle  suspensions, and in  the  so lu b le  

phase. Soluble P f r ,  th e r e f o r e , w ill  n o t p e l l e t  w ith o rg a n e lle s  con ta in ing  

only P r , nor w il l  so lu b le  P r  a s s o c ia te  w ith  o rg an e lle s  co n ta in ing  e i th e r  

P r o r P f r  and P r .
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Fig. 35

The s t a b i l i t y  o r o rg a n e lle -a s so c ia te d  phytochrome in  v i t r o .

G-50  o rg an e lle  suspensions were:

incubated  in  darkness (& )

i r r a d ia te d  f o r  5 niin w ith  red  l i g h t  ( o )

o r i r r a d ia te d  f o r  5 min w ith red  l i g h t  follow ed by 
5 min. f a r - r e d  l i g h t  ( #  )

and re tu rn e d  to  d a rkness.

[from Evans, 1975-6 (unpublished  r e s u l t s )  and subsequently  

Sm ith, Evans, and H ilto n , 1978 ]
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Table 11 (a) and (b)

The e f f e c t  of p r e - i r r a d ia t io n  on th e  p e l l e t a b i l i t y  of phytochrome 

in  subsequently-m ixed p re p a ra tio n s  o f 'so lu b le*  phytochrome and 

G-50  o rg a n e lle  f r a c t io n s .

(a )  A liquo ts  of ' s o lu b le ' phytochrome (lOOKS) and p u r if ie d  

o rg a n e lle s  (G-50) were su b jec ted  to  th e  s ta te d  l i g h t  

tre a tm e n ts , im m ediately mixed, incubated  in  darkness a t  

24°G f o r  5 min and phytochrome p e l l e t a b i l i t y  determ ined.

(b) As a  c o n tro l , an a l iq u o t  of so lu b le  phytochrome and one 

o f p u r if ie d  o rg a n e lle s  were mixed, i r r a d ia te d  f o r  5 min 

w ith  re d  l i g h t  and incubated  in  darkness f o r  a  f u r th e r  

5 min b efo re  c e n tr ifu g a tio n  and measurement as in  ( a ) .

[from  Smith, Evans and H ilto n , 1978]
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Table 12

The requirem ent f o r  P f r  in  bo th  o rg an e lle  suspensions and 

' s o lu b le ' f r a c t io n s .

[from Smith, Evans and H ilto n , 1978]
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(4 ) The e f f e c t  of P fr-Induced  phytochrome p e l le ta T jil i ty  on GA-LS e x tra c t-

a b le  in to  aqueous methanol 

From th e  r e s u l t s  p resen ted  e a r l i e r ,  i t  i s  c le a r  th a t  phytochrome a sso c ia te d  

w ith  G-50  o rg a n e lle  s u ^ e n s io n s  i s  a c t iv e  in  m ediating th e  le v e l s  of GA-LS 

e x tra c ta b le  in to  aqueous methanol fo llo w in g  photoconversion to  P f r .  I t  was 

th e re fo re  o f i n t e r e s t  to  in v e s t ig a te  the  e f f e c t s  of the  P fr-in d u ced  p e l l e t -  

a b i l i t y  of 'so lu b le*  phytochrome on th e  l e v e l s  of GA-LS subsequently  

e x tra c ta b le  from th e  o rg an e lle  suspensions. When an a liq u o t  of G-50  e lu a te  

was incubated  in  red  l i g h t  in  th e  p resence of a  p re p a ra tio n  o f 'so lu b le*  

phytochrome, th e re  was an in h ib i to ry  e f f e c t  on th e  le v e l s  of GA-LS e x tr a c t -  

ab le  when compared to  th o se  e x tra c ta b le  from a  s im ila r  p re p a ra tio n  in  which 

'so lu b le*  phytochrome was re p laced  by a  s im ila r  volume o f 2̂ mM MOPS b u ffe r  

(F ig , 36 , page 108), These r e s u l t s  could  p o ss ib ly  mean th a t  in c reased  

amounts o f phytochrome a sso c ia te d  w ith th e  o rg a n e lle s  has an in h ib ito ry  

e f f e c t  on th e  l e v e l s  of GA-LS e x tra c ta b le  from them.

On th e  o th e r  hand, a lthough  the  p re p a ra tio n  of so lu b le  phytochrome was 

devoid of p e l le ta b le  m a te r ia l,  i t  may co n ta in  so lu b le  substances i n h ib i t 

ory to  th e  p roduction  of a-amylase in  th e  b a r le y  a leu rone  la y e r  b io assay ; 

substances in h ib i to r y  to  th e  red  lig h t-m e d ia te d  in c re ase  in  GA-like 

a c t i v i t y  o r substances which may n u l l i f y  th e  e f f e c t  of phytochrome photo

conversion  an d /o r even ts  le ad in g  to  the  subsequent in c re ase  in  the  e x tr a c t -  

a b i l i t y  of GA-LS, The r e s u l t s  ob ta ined  may th e re fo re  no t re p re se n t a  t ru e  

e f f e c t  o f th e  in c reased  amounts o f phytochrome a s so c ia te d  w ith  th e  

o rg a n e lle s  bu t may r e f l e c t  th e  e f f e c t ( s )  of u n id e n tif ie d  c o n s ti tu e n ts  of 

the  'so lu b le*  phytochrome p re p a ra tio n . F u rth e r experim ents would necess

i t a t e  th e  use of a more h ig h ly -p u r if ie d  p re p a ra tio n  of so lu b le  phytochrome 

o r, indeed, ra d io a c tiv e ly -1  a b e lle d  phytochrome.



— 108 —

Fig. 36

The e f f e c t  of P fr-in d u ced  phytochrome p e l le t a h i l i t y  on GA-LS 

e x tra c ta b le  from G-50 o rg a n e lle  su spensions.

T reatm ents;

G-50  o rg a n e lle  suspension incubated  in  the  

presence o f 25 mM M)PS

G-50  o rg an e lle  suspension  incubated  in  th e  

presence o f a  p re p a ra tio n  of 'so lu b le*  phyto

chrome.
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(5 ) D iscussion

The r e s u l t s  in d ic a te  th a t  so lu b le  phytochrome w il l  a s s o c ia te  in  v i t r o  w ith  

is o la te d  G-50 o rg a n e lle s , provided  P f r  e x is t s  in  b o th  components. Once 

a s s o c ia te d , th e  phytochrome rem ains p e l le ta b le  f o r  sev e ra l hours , e i th e r  

in  the  P r form o r p r in c ip a l ly  in  th e  P f r  s t a t e .  I t  i s  prem ature to  a ttem p t 

to  decide  whether t h i s  re d  lig h t- in d u c e d  in c re a se  in  p e l l e t a b i l i t y  is  

re p re s e n ta t iv e  o f th e  in  vivo a s s o c ia t io n  d esc rib ed  in  th e  In tro d u c tio n , 

o r w hether i t  i s  ano ther form of th e  a p p a ren tly  a r te f a c tu a l  in  v i t r o  

a s s o c ia t io n . What can be s ta te d ,  however, i s  t h a t  th e  p e l le ta b le  m a te ria l 

c o n ta in s  very  l i t t l e  r ib o n u c le o p ro te in  m a te ria l (Evans, 1975; Q uail, P e rs . 

Comm.) and th a t  the  re d  l ig h t- in d u c e d  p e l l e t a b i l i t y  does no t depend on th e  

presence of d iv a le n t c a t io n s . I t  seens u n lik e ly , th e re fo re , to  be a r t e -  

f a c tu a l  in  th e  manner d esc rib ed  by Q uail and G resse l, (1976). The in  v i t r o  

a s s o c ia tio n  of so lu b le  phytochrome w ith  is o la te d  o rg a n e lle s  rep o rte d  here  

has some s im i l a r i t i e s  w ith  the  phenomenon observed by G eorgevitch e t  a l . , 

( 1977) who showed th a t  phytochrome b inds to  p a r t ic u la te  f r a c t io n s  and to  

p u r if ie d  m itochondria  from e t io la te d  oat t i s s u e s .  Although P f r  bound more 

r e a d i ly  th an  P r, G eorgevitch e t  a l . , (1977) d id  no t t e s t  th e  e f f e c t s  of p re 

i r r a d ia t io n  in  v i t r o  on th e  b ind ing  s t ru c tu re s .  Red i r r a d ia t io n  o f oa t 

t i s s u e  in  vivo y ie ld ed  p a r t ic u la te  f r a c t io n s  which bound l e s s e r  amounts of 

so lu b le  P f r  in  v i t r o , in d ic a tin g  th a t  th e  b inding  s i t e s  had been s a tu ra te d  

in  v iv o , o r im m ediately upon e x tra c tio n . In  the  experim ents re p o rted  

here  w ith b a r le y  p re p a ra tio n s , the  a d d itio n a l p e l le ta b le  phytochrome was, 

in  a l l  t r i a l s ,  approxim ately  equal to  th e  amount of phytochrome in h e re n tly  

a s so c ia te d  w iüi the  o rg a n e lle s . A sim ple ex p lan a tio n , th e re fo re , would be 

th a t  P f r  m olecules may a s s o c ia te  to  form i r r e v e r s ib le  dim ers. I f  one of 

the  two phytochrome m olecules form ing th e  dim ers i s  a  component of an 

o rg an e lle  membrane, then  subsequent c e n tr ifu g a tio n  would p e l l e t  th e  dim ers 

and enhance the  observed p e l l e t a b i l i t y .  I f  such a  mechanism does occur, i t
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would seem Im portant to  determ ine w hether o r  n o t i t  i s  involved in  the  so -  

c a l le d  in  vivo p e l l e t a b i l i t y  d e sc rib ed  by Marme (1977) and P r a t t  (1978).

When G.-50 o rg a n e lle  suspensions were i r r a d ia te d  w ith red  l i g h t  in  the 

presence o f 'so lu b le*  phytochrome, th e re  was a  decrease  in  th e  le v e l s  of 

GA-LS subsequently  e x tra c ta b le  in to  methanol when compared to  those  

e x tra c ta b le  from o rg an e lle  suspensions irra x iia te d  w ith  re d  l i g h t  in  the 

presence  of b u f fe r  a lo n e . These r e s u l t s  suggest th a t  a d d itio n a l amounts o f 

phytochrome a s so c ia te d  w ith  the  o rg a n e lle s  may in h ib i t  the  r e d - l ig h t  

m ediated in c re a se  in  GA-LS. However, th e  r e s u l t s  may a lso  re p re se n t 

in h ib i t io n  of th e  response by u n id e n tif ie d  so lu b le  substances p re sen t in  

th e  lOOKS p re p a ra tio n . Another p o s s ib i l i ty  i s  th a t  th e  P fr-in d u ced  a sso c 

ia t io n  of so lu b le  phytochrome w ith th e  o rg an e lle  m ediates a  change in  th e  

conform ation of the  p la s t id  membranes such th a t  th e  in c rease  in  GA-LS in  

response to  red  i r r a d ia t io n  cannot be e l i c i t e d .  Conform ational changes in  

the  p la s t id  membranes could be o p e ra tin g  to  block bo th  th e  movement of GA

LS a c ro ss  th e  envelope membranes an d /o r to  block th e  re le a s e  of GA-LS 

from th e  membranes.

The amounts of phytochrome d e te c ta b le  in  a l l  th e  preced ing  experim ents were 

c o n s is te n tly  d e te c ta b le . They were, however, very c lo se  to  th e  l im i t s  of 

d e te c tio n . Future  experim ents w ith  h ig h ly  p u r if ie d  phytochrome, o r indeed 

ra d io a c t iv e ly - la b e l le d  phytochrome may prove f r u i t f u l .
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(e ) Summary

The d a ta  p re sen ted  in  th i s  c h ap te r support those  ob ta ined  by Cooke and 

K endrick (1975); and Cooke e t  a l . ,  (1975) and Evans and Smith ( 1976a  and b ) ;  and 

show th a t  phytochrome i s  p re sen t in  a s s o c ia t io n  w iih  is o la te d  e t io p la s t  

p re p a ra tio n s  and th a t  i t  m ediates in  v i t r o  th e  le v e ls  of GA-LS e x tra c ta b le  

from them in to  aqueous m ethanol. The d a ta  a lso  show th a t  phytochrome i s  

a s so c ia te d  w ith  e t io p la s t s  fo llow ing  t h e i r  passage through a  sucrose  cushion 

o r in to  a  sucrose  g ra d ie n t ; i t  i s  th e re fo re  t r u ly  o rg a n e lle -a s so c ia te d  and 

n o t p re se n t s o le ly  a s  a  so lu b le  c o n tan in an t. The GA-LS le v e l s  e x tra c ta b le  

from the e t io p la s t  p re p a ra tio n s  which a re  s u b s ta n t ia l ly  f r e e  of m ito

ch o n d ria l contam ination  a re  a lso  c o n tro lle d  by phytochrome in  v i t r o .

Simple f r a c t io n a t io n  d a ta  in d ic a tin g  th a t  an i r r a d ia t io n  w ith re d  l i g h t  

r e s u l t s  in  an in c re a se  in  th e  GA-LS le v e l s  e x tra c ta b le  from the  su p ern a tan t 

(Evans and Smith 1976a; Cooke e t  a l . , 1976) has been confirm ed; however, 

d a ta  o b ta ined  from sucrose d e n s ity  g ra d ie n t f r a c t io n a t io n  s tro n g ly  suggests 

t h a t  th e  in c re a se  in  th e  le v e l s  of GA-LS i s  due to  in c re a se s  in  both  the 

o rg an e lle  and th e  so lu b le  f r a c t io n s  is o la te d  from th e se  g ra d ie n ts . The 

d is t r ib u t io n  of GA-LS between th e  two f r a c t io n s  was s im ila r  i r r e s p e c t iv e  

o f tim e o f in cu b atio n  in  darkness fo llow ing  th e  re d  i r r a d ia t io n .

Experim ents using  1?H ] g ib b e re l l in  GA  ̂ dem onstrated th a t  shoo ts of Hordeum 

v u lg are  L, seed lin g s  had r a d io a c t iv i ty  a s so c ia te d  w ith  t h e i r  p la s t id s  and 

th a t  th e  g ib b e re l l in  A  ̂ was m etabo lised  to  o th e r r a d io a c tiv e ly - la b e lle d  com

pounds over a  24h in cu b atio n  p e rio d . When e t io p la s t  suspensions were sub

seq u en tly  is o la te d  th e re  was no d e te c ta b le  e f f e c t  of re d  l i g h t  trea tm en t 

in  v i t r o  on th e  d is t r ib u t io n  of r a d io a c t iv i ty  between th e  o rg an e lle  and 

th e  so lu b le  f r a c t io n s  is o la te d  fo llow ing  sucrose d e n s ity  c e n tr ifu g a tio n .

When th e  in cu b a tio n  tim es in  darkness fo llow ing  th e  re d  i r r a d ia t io n  were 

v a rie d  th e re  was a lso  no d e te c ta b le  e f f e c t  on th e  d is t r ib u t io n  of ra d io 

a c t i v i ty  between th e  f r a c t io n s .  There was a lso  no d e te c ta b le  d iffe re n c e
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between th e  dark  and r e d - t r e a te d  sam ples idien ra d io a c t iv e ly - la b e l le d  sub

s tan c e s  were e x tra c te d  in to  methanol and su b jec ted  to  TLC,

In  experim ents w ith  a  's o lu b le ' phytochrome p re p a ra tio n , phytochrome was 

shown to  a s s o c ia te  in  v i t r o  w ith  a  G-50 o rg an e lle  suspension . The 

a s s o c ia t io n  was d e te c ta b le  only  when bo th  th e  's o lu b le ' phytochrome and 

th a t  in h e re n tly  a sso c ia te d  w ith  the  o rg a n e lle s  was p re sen t as P f r :  the

a s s o c ia t io n  assumed a  1:1 r e la t io n s h ip  suggesting  th e  p o s s ib i l i ty  of dimer 

fo rm ation  upon i r r a d ia t io n  w ith  re d  l i ^ i t .

In c reased  amounts of phytochrome a s so c ia te d  w ith  the o rg a n e lle s  markedly 

reduced the  le v e l s  of GA-LS e x tra c ta b le  from th e  o rg an e lle -su sp en sio n s  

fo llow ing  red  l i g h t  tre a tm e n t.



Chapter 4

Phytochrome and GA-like su b stan ces  in  p la s t id  f r a c t io n s  

is o la te d  from lig h t-g ro w n  p la n ts .
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From the  r e s u l t s  p resen ted  in  C hapter 3 o f t h i s  th e s i s  and from d a ta  

p re sen ted  elsew here (Cooke e t  a l . .  1975» Cooke and K endrick, 1976»

Evans and Smith, 1976 a  and h) th e re  i s  s tro n g  evidence to  suggest th a t  

phytochrome i s  a s so c ia te d  w ith , o r i s  in t r in s ic  to ,  p la s t id s  is o la te d  from 

dark-grown p la n ts  and th a t  i t  m ediates in  v i t r o  a  c le a r ly -d e f in e d  response 

( i . e .  th e  m ediation of GA l e v e l s ) .  In  t h i s  ch ap te r, the  in tr ig u in g  

q u es tio n  of whether phytochrome, ( i f  p re s e n t) ,  o p e ra tes  s im ila r ly  in  

p la s t id s  is o la te d  from lig h t-g ro w n  p la n ts  has been in v e s t ig a te d .

(a ) The phytochrome m ediation of GA-LS le v e l s  in  a  d i f f e r e n t ia t in g
p la s t id  f r a c t io n  is o la te d  from lig h t-g ro w n  seed lin g s

There i s  s tro n g  evidence in  the l i t e r a t u r e  to  suggest th a t  GA-LS a re  

a sso c ia te d  w ith  p la s t id s  is o la te d  from lig h t-g ro w n  p la n ts  (see  C hapter 1, 

General In tro d u c tio n ) . An o p p o rtu n ity  a rose  to  perform  some c o lla b o ra tiv e  

experim ents w ith  P ro fe sso r  R Leech and her co lleag u es  a t  the  U n iv e rs ity  of 

York on the  le v e l s  o f GA-LS p re sen t in  a s s o c ia tio n  w ith  p la s t id s  a t  d i f f e r 

e n t s ta g e s  o f d i f f e r e n t ia t io n  is o la te d  from T riticum  aestivum  L. seedr 

l in g s .  They had chosen wheat, a  monocotyledonous sp e c ie s , because in  the 

le a v e s  o f t h e i r  young seed lin g s  a l l  c e l l  d iv is io n s  occur in  a  b a sa l meristem, 

r e s u l t in g  in  a  developm ental sequence o f c e l l s  from th e  base to  th e  t i p  of 

each l e a f .  A lso, th e  com plication  o f c h lo ro p la s t dimorphism, as  found in  

maize, was avoided. D icotyledonous le a v e s  a re  n o t an id e a l t i s s u e  in  which 

to  study p la s t id  d i f f e r e n t ia t io n  s in ce  th e  l e a f  i s  a  mosaic of c e l l s  a t  

d i f f e r e n t  s ta g e s  o f d i f f e r e n t ia t io n .

The le v e l s  of GA-LS e x tra c ta b le  from the wheat shoots v a r ie d  markedly 

between the  consecu tive  5 x 1 cm zones is o la te d  (F ig . 37» page 116). The 

le v e l s  of GA-LS e x tra c te d  were n o t c o rre c ted  f o r  th e  e f f ic ie n c y  of p la s t id  

e x tra c t io n  between zones. G enera lly , ch lo ro p h y ll co n ten t i s  used as  an 

e s tim a te  o f the  e f f ic ie n c y  of p la s t id  is o la t io n  b u t in  t h i s  case ch lo rophy ll 

co n ten t v a ried  markedly between the  zones is o la te d  (Table 13, page l l 7 ) .
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_3However, th e  ta b le  a lso  shows e s tim a te s  of p la s t id  number cm , The p la s t id  

number cm does no t vary  g re a t ly  and any d if fe re n c e s  could no t account f o r  

d if f e re n c e s  between th e  GA-LS a sso c ia te d  w ith  th e  0 -0 .1  cm and th e  1 .0 -2 .0  

cm zones. Phytochrome was r e a d i ly  d e te c ta b le  sp ec tro p h o to m etrica lly  in  

p la s t id  f r a c t io n s  is o la te d  from the  0 -  1 .0  cm zone and decreased w ith  

in c re a s in g  d is ta n c e  from the  base of th e  shoot (F ig . 38, page 118 ). However, 

concom itant w ith  th e  decrease  in  sp e c tro p h o to m e tr ic a lly -d e te c ta b le  phyto

chrome th e re  was an in c re ase  in  th e  ch lo ro p h y ll c o n ten t. The decrease  in  

d e te c ta b le  phytochrome may, th e re fo re , be due to  in c reased  screen in g  by 

ch lo ro p h y ll of th e  ^(Ak A) read in g  ob ta ined  (Jose  e t  a l . , 1977) and may no t 

be due to  a  t ru e  decrease  in  the  amount of phytochrome a sso c ia te d  w ith 

p la s t id s  is o la te d  from zones a  g re a te r  d is ta n c e  from th e  base o f th e  l e a f .

As phytochrome was p re sen t in  a s s o c ia t io n  w ith  p la s t id s  is o la te d  from th e  

low est zone of th e  l e a f ,  experim ents to  in v e s t ig a te  th e  e f f e c t  of l i g h t  

trea tm en t on th e  GA-LS a sso c ia te d  w ith  t h i s  zone were perform ed. As th e  

0 -  1 .5  cm zone was always beneath  th e  le v e l  of the compost p la s t id s  were 

is o la te d  from t h i s  zone as  opposed to  th e  0 -  1 .0  cm zone only^in  o rder to  

reduce th e  amount of m a te ria l needed to  perform  the  experim ents and a lso  to  

reduce th e  tim e taken  from e x c is io n  of th e  f i r s t  to  th e  l a s t  shoot segm ents. 

The le v e l s  o f GA-LS e x tra c ta b le  from p la s t id  f r a c t io n s  is o la te d  from 0 - 1 . 5  

cm zones i r r a d ia te d  w ith red  l i g h t  in  v i t r o  were markedly h ig h e r th a n  those  

e x tra c ta b le  from a  s im ila r  f r a c t io n  re ta in e d  in  d a rkness. I f  a  5 min. 

i r r a d ia t io n  w ith  f a r - r e d  l i g h t  im m ediately fo llow ed th e  re d  i r r a d ia t io n ,  

th e  le v e ls  remained c lo se ly  s im ila r  to  th o se  e x tra c ta b le  from the  dark  

c o n tro l (F ig . 39» page 119).

These d a ta  c o l le c t iv e ly  suggest th a t  phytochrome a sso c ia te d  w ith th ese  

f r a c t io n s  m ediates a  change in  the  l e v e l s  of GA-LS e x tra c ta b le  from them in  

v i t r o . E x trap o la tio n  of th e se  r e s u l t s  can be regarded  only a s  very  te n ta t iv e .
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However, th e  d is t r ib u t io n  of GA-LS e x tra c ta b le  from th e  f r a c t io n s  fo llo w 

ing an i r r a d ia t io n  w ith  red  l i g h t  in  v i t r o  a re  n o t too  d is s im ila r  to  th e  

d i s t r ib u t io n  ob ta ined  when GA-LS a re  e x tra c te d  from p la s t id s  is o la te d  

from the  ad jac e n t zone. The h y p o thesis  advanced, th e re fo re , i s  th a t  

phytochrome c o n tro ls  the  le v e l s  of GA-LS a sso c ia te d  w ith  d i f f e r e n t ia t in g  

p la s t id s  in  v ivo .
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Fig. 37

GA-like a c t i v i ty  e x tra c ta b le  from 1 cm zones along the  f i r s t  

le a v e s  of lig h t-g ro w n  T riticum  aestivum  L . se e d lin g s .

Treatments*

(a) 0 -  1 cm zone (baae)

W 1 -  2 cm zone

(c) 2 -  3 cm zone

(a) 3 -  4 cm zone

(e ) 4 -  5 cm zone
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Table 13

E stim ated  p la s t id  number cm ^ o f p la s t id  f r a c t io n s  is o la te d  from 

1 cm zones o f the  f i r s t  le a v e s  of lig h t-g ro w n  T riticum  aestivum  L. 

se e d lin g s .



0 -

D istance from base o f l e a f  (cm)

1 1 -  2 2 - 3  3 “ ^ 4 - 3

T otal ch lo ro p h y ll
-3ug cm ^ 2 .7 14.9 37.6 118.8 229.8

E s tim a te d  ch lo ro p h y ll 
p e r  p la s t id
g X 10"!^ 5 40 80 220 500

P la s t id  number cm”^
X 10 5 .3 3 .7 4 .7 5 .4  4 .6

* f ig u r e s  ob ta ined  from R M Leech and co lleag u es, U n iv ers ity  o f York.
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Fig. 38

Phytochrome and c h lo ro p h y ll c o n ten ts  o f p la s t id  f r a c t io n s  

is o la te d  from successive  1 cm zones of the f i r s t  le av e s  of 

lig h t-g ro w n  T riticum  aestivum .L« se e d lin g s .

[Phytochrome measurements were perform ed in  th e  absence of 

GaCO^; idien GACÔ  was added th e re  was no in c rease  in  th e  

s ig n a l ob ta ined ]
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Fig. 39

GA-like a c t i v i ty  e x tra c ta b le  from l ig h t - t r e a te d  d i f f e r e n t ia t in g  

p la s t id -e n r ic h e d  f r a c t io n s  is o la te d  from th e  b a sa l 1 ,5  cm of 

lig h t-g ro w n  T riticum  aestivum  L . see d lin g s .

T reatm ents:

(a ) 10 min. in  darkness

(b) 5 min re d  p lu s  5 min in  darkness

(c )  5 min red  p lu s  5 min f a r - r e d
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(b) The lo c a l iz a t io n  o f phytochrome in  a s s o c ia tio n  w ith  c h lo ro p la s t
envelope membranes.

In  th e  p rev ious c h ap te r phytochrome was measured in  a s s o c ia tio n  w ith  

d i f f e r e n t ia t in g  p la s t id  f r a c t io n s  is o la te d  from lig h t-g ro w n  wheat seed

l in g s .  I t  was th e re fo re  of in t e r e s t  to  in v e s t ig a te  whether phytochrome 

was a s so c ia te d  w ith  f u l l y  d i f f e r e n t ia te d  c h lo ro p la s ts . As the  measure

ment o f phytochrome r e l i e s  upon ab so rp tio n  changes in  the  600-800 nm reg io n  

such measurement i s  c le a r ly  im possib le where s ig n if ic a n t  amounts of 

ch lo ro p h y ll a re  p re s e n t. An approach to  t h i s  problem was made by i s o l a t 

ing  th e  envelope membranes of sp inach  c h lo ro p la s ts , which, when pu re , are 

com pletely  devoid of ch lo ro p h y ll (Honda e t  a l . , I 966) .  C h lo ro p la s ts  were 

is o la te d  from spinach  le a v e s  a s  i t  i s  g e n e ra lly  accep ted  th a t  i t  i s  f a r  

e a s ie r  to  i s o la te  la rg e  q u a n t i t ie s  o f c h lo ro p la s ts  from a  d ico ty ledonous 

sp ec ie s  than  from a  monocotyledonous sp e c ie s ; a ls o , th e  techn iques f o r  

th e  is o la t io n  o f sp inach  c h lo ro p la s ts  a re  w ell documented in  the  l i t e r a 

tu r e .  Although the  c h lo ro p la s t envelopes prepared  du rin g  t h i s  work by th e  

method d esc rib ed  by Mackender and Leech (1970) had no t been fu r th e r  p u r i

f i e d ,  nor c h a ra c te r iz e d  r ig o ro u s ly  by biochem ical m arkers, th e  d a ta  in d i

c a te  th a t  they  a re  s u b s ta n t ia l ly  f r e e  of bo th  m itochondria l and th y lak o id  

membrane con tam ination . Using th e  method d esc rib ed  by Mackender and Leech 

( 1970) in  which th y lak o id  p ro te in  contam ination  i s  determ ined from th e  

ch lo ro p h y ll c o n ten t, the  contam ination  by th y lak o id  membranes was shown, 

in  a l l  th re e  sam ples, to  be 6 p e r cen t o r l e s s  (Table 14-, page 122). Also,

cytochrome c ox idase , a  m itochondria l membrane marker enzyme was p re sen t

a t  only  very  low a c t i v i t i e s  in  a l l  samples e sp e c ia lly  in  samples 2 and 3

in  which the c h lo ro p la s ts  had been c e n tr ifu g e d  through a  cushion of

sucrose p r io r  to  l y s i s .  Phytochrome was re a d i ly  d e te c ta b le  in  a l l  th re e  

samples (Table 15, page 123) the v a lues observed being of a s im ila r  o rder 

o f magnitude to  those  ob ta ined  from e t io la te d  s u b c e llu la r  f r a c t io n s
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(Evans and Smith, 1976b). These v a lu es  may indeed be underestim ates  due 

to  in te r fe re n c e  from th e  sm all amounts o f ch lo ro p h y ll p re se n t (Jo se  e t  a l . , 

1977)' F u rth e r evidence f o r  the  presence of phytochrome in  th e  envelope 

membrane p re p a ra tio n s  was ob ta ined  by the  c o n s tru c tio n  of a  d if fe re n c e  

spectrum  (F ig . 40, page 124). Although a  c e r ta in  d is to r t io n  o f th e  sp e c t

rum i s  v is ib le  (which may be due to  th e  f re e z in g  and thawing o f th e  samples 

d u ring  tr a n s p o r t ,  and subsequent a ssay , of th e  samples from York v ia  S u tton  

Bonington to  R ead ing), the  d if fe re n c e  spectrum  i s  n e v e rth e le ss  c h a ra c te r 

i s t i c a l l y  th a t  of phytochrome w ith  a  P r a t  675nm and a P f r  a t  735nm.
X>IS\3X ASISLX

The r a t i o  of the  AkA a t  P f r  to  th a t  a t  P fr, i s  0 .98 , q u ite  c lo se  to;^max Xmax
th a t  found w ith is o la te d  pure phytochrome.

These d a ta  show, th e re fo re , th a t  phytochrome i s  a sso c ia te d  w ith a  membrane 

f r a c t io n  is o la te d  from green p la n ts  by a  method designed to  i s o la te  

c h lo ro p la s t  envelopes. The membrane f r a c t io n  i s  inadequate ly  c h a ra c te r iz e d  

fo r  t h i s  to  be more than  a p re lim in a ry  o b serv a tio n . N evertheless, the 

s im i la r i ty  of th e se  d a ta  to  those  ob tained  w ith  e t io la te d  p la n ts  p rov ides 

a  sound reason  f o r  accep tin g  them a s  a  r e l i a b le  in d ic a tio n  th a t  phyto

chrome i s  p re sen t in  a s s o c ia tio n  w ith  c h lo ro p la s t envelope membranes. The 

d a ta  do n o t p rec lude  th e  presence of phytochrome in  a s s o c ia tio n  w ith  o th e r  

components of th e  c h lo ro p la s t ;  however, la rg e  amounts of ch lo ro p h y ll in  

th e se  f r a c t io n s  rendered  th e  spectophotom etric  d e te c tio n  of phytochrome 

im possib le.
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Table 14

The c h a ra c te r iz a t io n  o f c h lo ro p la s t  envelope membrane-enriched 

f r a c t io n s  is o la te d  by th e  method d esc rib ed  by Mackender and 

Leech (19?0).

Samples 2 and 3 were o b ta ined  from c h lo ro p la s t p re p a ra tio n  which 

had been c e n tr ifu g e d  through a  sucrose  cushion p r io r  to  l y s i s .
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Table 15

P ro te in  and phytochrome ÇûkCû 

p la s t  envelope membrane p re p a ra tio n s .

c o n ten ts  o f ch lo ro -
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Fig. 40

D ifferen ce  spectrum  of c h lo ro p la s t  envelope membrane phytochrome 

c o n s tru c te d  using  samples 2 and 3 combined.

= 735nm

R = r a t i o  of ^  A a t  675nm and t^A a t  735mi*
F
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(c ) The e f f e c t  o f •phytochrome p h o to e q u lll 'b r ia  on p la s t ld -a s s o c la te d

GA-LS

In  a p re lim in a ry  experim ent to  determ ine th e  e f f e c t s  of phytochrome photo- 

e q n i l ih r ia  (P f r /P to t  o r on th e  le v e l s  of GA-LS e x tra c ta b le  from ch lo ro 

p la s t  su sp ensions, b a r le y  see d lin g s  were grown from sowing in  s p e c ia l ly  

c o n stru c te d  c a b in e ts  in  which v a rio u s  r e d :f a r - r e d  r a t i o s  (ç , o r th e  r a t i o  

of th e  photon flu en ce  r a te s  a t  660:730 nm) were e s ta b lis h e d  from f lu o r e s 

cen t o r a  com bination of f lu o re s c e n t and tu n g s te n /tu n g s te n  halogen sources 

(H eathcote, Bambridge and McLaren, 1979)• As ç has been shown to  be 

r e la te d  to  phytochrome pho toequ ilib rium  ^ (Smith and Holmes, 1977) 

e s tim a te s  of ^ (jZie) could be d e riv ed  from the  v a lu es  o f ç e s ta b lis h e d  in  

th e  c a b in e ts .

F ig . 41, page 128, shows th e  le v e l s  o f b io lo g ic a l ly -a c t iv e  GA-LS e x tr a c t -  

ab le  from p la s t id  f r a c t io n s  is o la te d  from the  f i r s t  le a v e s  of b a rle y  seed

l in g s .  GA-like a c t i v i ty  was converted  to  ng GÂ  e q u iv a len ts  d e sp ite  th e  

e a r l i e r  d iscu ss io n  of th e  v a l id i ty  of doing so because a t  th a t  tim e th e re  

appeared to  be no o th e r method of comparing the  GA-like a c t i v i ty  between 

trea tm en ts  when th e  e f f ic ie n c y  of p la s t id  i s o la t io n  was not c o n s ta n t. In  

r e tro s p e c t ,  however, e s tim a te s  o f p la s t id  number cm could have been 

perform ed. When th e  t o t a l  ng GÂ  eq u iv a len ts  p e r  trea tm en t were estim ated  

and c o rre c te d  f o r  ch lo ro p h y ll co n ten t (which was used a s  an e s tim ate  o f 

th e  e f f ic ie n c y  of p la s t id  e x tra c t io n  between tre a tm e n ts)  i t  was c le a r  from 

the  d a ta  p resen ted  in  Table 16 and F ig , 42, pages 130 and 131, th a t  a s  

decreased  the  t o t a l  le v e l s  of GA-LS e x tra c ta b le  in to  aqueous methanol from 

th e  p la s t id  suspensions a lso  decreased . As th e  m a jo rity  of the  GA-LS were 

a sso c ia te d  w ith  the  Rf zone 0 ,2 -0 .3  zone th e  c h lo ro p h y ll-co rrec te d  ng GÂ  

eq u iv a len ts  o f t h i s  zone only were a lso  p lo t te d  a g a in s t Again, i t  i s

ev id en t th a t  a decrease  in  phytochrome p h o to e q u ilib r ia  i s  c o r re la te d  w ith 

a  decrease  in  GA-LS a sso c ia te d  w ith t h i s  zone (Table 16, page 130).
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A decrease  in  phytochrome p h o to e q u ilib r ia  was a lso  a sso c ia te d  w ith  a 

decrease  in  the  ch lo ro p h y ll’ a /b  r a t i o .

S im ila r  r e s u l t s ,  showing th a t  a  decrease  in  phytochrome pho to e q u ü ib r i a  

i s  c o r re la te d  w ith  a  decrease  in  th e  ch lo ro p h y ll a /b  r a t i o  o f young m ustard 

see d lin g s  have been shown by Whitelam (P ers . Comm.). This i s  o f g re a t 

i n t e r e s t .  Such a  m o d ifica tio n  of th e  r a t i o  would invo lve  a  decrease  in  

th e  amount o f ch lo ro p h y ll a  o r an in c rease  in  th e  amount of ch lo ro p h y ll b . 

The most l i k e l y  ex p lan a tio n  seems to  be an in c re a se  in  th e  amount of 

ch lo ro p h y ll b . The problem of th e  o r ig in  o f ch lo ro p h y ll b i s  s t i l l  open. 

Shylk ( 1971) concludes th a t  *on th e  s tre n g th  of a l l  th e  evidence a  v e rd ic t  

i s  now reached in  favour o f th e  seq u e n tia l scheme of ch lo ro p h y ll b from 

ch lo ro p h y ll a  fo rm ation* . V irg in  (1977) more e x p l ic i t ly  ho^ds th e  view 

th a t  ch lo ro p h y ll b i s  formed only in  connection  w ith  ch lo ro p h y ll a  forma

t io n .  Oelze-Karow e t  a l . ,  (1978) suggest th a t  ch lo ro p h y ll a  and ch lo ro 

p h y ll b a r i s e  from a  common p re c u rso r , c h io ro p h y llid e  a , and th a t  

ch lo ro p h y ll b sy n th e s is  i s  c o n tro lle d  by phytochrome. The d a ta  p resen ted  

here  support th e  l a t t e r  h y p o th esis , namely th a t  a  decrease  in  th e  phyto

chrome p h o to e q u ilib r ia  (when p h o to sy n th e tic a lly -a c tiv e  ra d ia t io n  i s  con

s ta n t )  i s  c o r re la te d  w ith  an in c re ase  in  th e  amount of ch lo ro p h y ll b 

p re s e n t. Emerson e t  a l . . (1957) no ted  th a t  in  f a r - r e d  l i g h t  ( a t  wave

le n g th s  lo n g e r than  680nm) th e re  was a drop in  th e  quantum e f f ic ie n c y  o f 

ph o to sy n th esis  which was cou n terac ted  by th e  a d d itio n  o f supplem entary 

monochromatic illu m in a tio n  a t  s h o r te r  w avelengths. In  1958, Emerson and 

Chalmers suggested  th a t  th e  lo n g e r wavelengths of l i g h t  a re  absorbed only 

by ch lo ro p h y ll a , the  f u l l  e f f ic ie n c y  o f p h o to sy n th esis  depending on a 

second l i g h t  re a c tio n  i . e .  a  sim ultaneous ab so rp tio n  o f l i g h t  of s h o r te r  

wavelengths by the  accesso ry  pigm ents, ch lo ro p h y ll b and th e  cairo teno ids.

I t  would seem reasonab le  to  propose th a t  under co n d itio n s  o f added f a r - r e d  

l i g h t  ( i . e .  a  decrease  in  th e  r e d :f a r - r e d  r a t i o  o r phytochrome
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p h o to e q u ilib r ia )  th e  e f f ic ie n c y  of p h o to sy n th esis  i s  m aintained by th e  

a b so rp tio n  o f more and more l i g h t  by th e  accesso ry  pigm ents and to  m ain tain  

t h i s  requ irem ent i t  i s  necessary  to  form more and more ch lo ro p h y ll b which 

i s  invo lved  in  the  l i g h t  a b so rp tio n . I t  i s  g e n e ra lly  accep ted  th a t  

ch lo ro p h y ll b and photosystem  I I  a c t i v i t y  a re  co n cen tra ted  in  th e  'heavy* 

f r a c t io n  o f c h lo ro p la s ts  composed m ainly of g ran a l s ta c k s , and th e  m ater

i a l  of the  'l ig h t*  f r a c t io n  d eriv ed  from th e  in te rg ra n a l a re as  c a ta ly se  

e x c lu s iv e ly  the  re a c tio n s  r e la te d  to  photosystem  I  and i s  d e p le ted  in  

ch lo ro p h y ll b . As a  decrease  in  th e  re d * fa r- re d  r a t i o  i s  c o r re la te d  w ith  

an apparen t in c re a se  in  th e  amount of ch lo ro p h y ll b p re sen t i t  seems 

reaso n ab le  to  suggest th a t  th e re  may be an e f f e c t  of red : f a r - r e d  r a t i o  on 

th e  g ran a l s ta c k s  of th e  th y lak o id  membrane system of c h lo ro p la s ts . How

ev er, in  the  absence of e le c tro n  microscope d a ta  such a  suggestion  can be 

regarded  a s  no more than  m erely t e n ta t iv e .

I t  i s  of i n t e r e s t  to  no te  th a t  th e  o rg a n iz a tio n  of th e  p ro la m e lla r  bod ies 

of e t io p la s t s  in  m ustard see d lin g s  d ecreases  conspicuously  a f t e r  approx

im ate ly  t h i r t y - s i x  hours in  darkness bu t t h i s  can be prevented  i f  th e  

see d lin g s  a re  i r r a d ia te d  w ith  f a r - r e d  l i g h t  f o r  t h i r t y - s i x  hours a f t e r  sow

in g . Follow ing t h i s  trea tm en t the  e t io p la s t s  p o ssess  c r y s ta l l in e  p ro - 

la m e lla r  bod ies which a re  much la r g e r  than  th e  p ro lam e lla r bod ies o f the  

e t io p la s t s  o f th e  dark-grown see d lin g s  (Kasemir e t  a l . .  1975). These 

r e s u l t s  show th a t  th e re  i s  a  s tro n g  de novo sy n th e s is  o f membraneous m ater

i a l  because th e  volume of th e  e t io p la s t  in c re a s e s . co n sid erab ly  a f t e r  f a r - r e d  

l i g h t  tre a tm e n t. I t  seems reaso n ab le , th e re fo re , on th e  b a s is  o f pub lished  

d a ta , to  propose th a t  de novo sy n th e s is  o f th y la k o id  membraneous m a te ria l 

may occur in  th e  c h lo ro p la s ts  of seed lin g s  which have developed in  l i g h t  

environm ents w ith  added f a r - r e d  l i g h t .  Again, a  d e ta i le d  e le c tro n  micro

scope study  of th e  u l t r a s t r u c tu r e  of c h lo ro p la s ts  is o la te d  from seed lin g s  

developed under vary ing  phytochrome p h o to e q u ilib r ia  should prove rew arding.
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Fig. 41

GA-like a c t i v i ty  e x tra c ta b le  from p la s t id -e n r ic h e d  f r a c t io n s  

is o la te d  from Hordeum v u lgare  L . seed lin g s  grown under l i g h t  

so u rces which e s ta b lis h e d  v ary ing  phytochrome p h o to e q u ilib r ia

w .

Treatments*

(a) 0.26

(b) 0.42

(o) 0.56

(d) 0.69
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Table 16 and F ig . 42

C hlorophyll a /h  r a t i o s  and GA-LS le v e l s  (converted  to  ng GÂ  

eq u iv a len ts )  a sso c ia te d  w ith  c h lo ro p la s t  f r a c t io n s  is o la te d  

from Hordeum vu lgare  L . s ee d lin g s  grown under l i g h t  sou rces which 

e s ta b lis h e d  vary ing  phytochrome phot o eq u ü  ib r i a  (jZl).
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Table l6



ng GÂ equivalents

0.26 ^e0.42 0.56 0.69

Rf 0 .0  -  0 .1 0.76 0.15 0.04 0.12
0 .1  -  0 .2 2.60 0.64 0.38 0.12
0.2  -  0 .3 10.80 19.00 10.80 21.50
0 .3  -  0 .4 0.57 0.66 1.47 1.00
0 .4  -  0 .5 0.48 0.79 0.62 0.23
0.5  — 0 .6 0.58 0.80 0.56 0.86
0 .6  -  0 .7 0.56 0.40 0.50 2.37
0 .7  -  0 .8 0.40 0.35 0.55 0.36
0.8  -  0 .9 0.46 0.53 0.44 0.33
0.9  -  1.0 0.50 0.46 0.11 0.64

Total 17.81 23.78 15.47 27.53

Total chlorophyll 
jag cm 0.78 0.47 0.15 0.15

Total 22.83 50.60 103.15 183.53
ng GA_ equivalents 
jug chlorophyll”

Rf 0 .2 -0 .3
only 13.85 40.43 72.00 143.33

chlorophyll a/b ra tio 1.88 1.92 2.18 2.79
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F ig . 42
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(d) The uptake and metabolism of [pH ] g l t ib e re l l in  in  detached
Hordeum vu lgare  L . shoo ts and th e  e f f e c t s  of l i g h t  tre a tm en t on c h lo ro p la s t-  

enriched  suspensions subsequently  i s o la te d , (For d e sc r ip tio n  of method see 
F ig . 26 , page 83)

Data p resen ted  in  p rev ious s e c tio n s  in d ic a te  th a t  phytochrome i s  a sso c ia te d  

w ith  p la s t id  f r a c t io n s  is o la te d  from lig h t-g ro w n  p la n ts  and th a t  i t  med

ia te s  the  le v e l s  o f GA-LS e x tra c ta b le  from them.

In  a  f u r th e r  a ttem p t to  study the  l ô l e  o f phytochrome in  th e  co n tro l of 

p la s t id  GA le v e l s  a  s e r ie s  of experim ents w ith  P h ]  g ib b e re l l in  A  ̂ were 

perform ed. I t  was proposed th a t  the  m onitoring o f r a d io a c t iv i ty  would enable 

any lig h t-m ed ia te d  e f f e c t s  to  be expressed  on a  more q u a n ti ta t iv e  b a s is  than  

from th e  use o f b io assay  d a ta  a lo n e . As s ta te d  p rev io u s ly  when r e f e r r in g  to  

s im ila r  experim ents w ith  e t io p la s t- e n r ic h e d  suspensions (page 79 ) GÂ  i s  a 

non-hydroxyl a t  ed g ib b e re l l in  and a s  b io sy n th e s is  i s  b e liev ed  to  proceed in  

o rd er of in c re a s in g  hy d ro y la tio n  i t  was thought th a t  GÂ  could  serve  a s  an 

e f f ic ie n t  p recu rso r to  o th e r GA's the reb y  g iv in g  a w ider spectrum  of ra d io -  

a c t iv e ly - la b e l le d  compounds w ith in  th e  t i s s u e .  For reasons s im ila r  to  those  

d iscu ssed  on page 79 a b u ffe red  so lu tio n  o f [pH ] GÂ  was fe d  to  whole shoots 

of ligh t-g row n  Hordeum vu lgare  L. seed lin g s  and n o t to  is o la te d  c h lo ro p la s t 

suspensions a s  i t  was o f i n t e r e s t  to  see i f  r a d io a c t iv i ty  could be taken  

in to  th e  shoo ts  and u lt im a te ly  in to  th e  p la s t id s  in  v iv o .

As th e re  were re p o r ts  from prev ious work w ith  e t io p la s t s  to  suggest th a t  

phytochrome m ediated a change in  th e  p e rm eab ility  of th e  envelope membrane 

w ith re sp e c t to  GA-LS i t  was of i n t e r e s t  to  in v e s t ig a te  any phytochrome- 

m ediated e f f e c t s  on c h lo ro p la s t membranes.

F ig . 43, page I 36 , shows th e  e f f e c t  o f age o f p la n t m a te ria l on the  uptake 

of r a d io a c t iv i ty ,  over a  24h in cu b atio n  p e rio d , in to  detached whole shoo ts  

and a lso  in to  a  t o t a l  p la s t id  f r a c t io n  subsequently  is o la te d  from th e



- 133 -

shoots. As the maximum amount of r a d io a c tiv ity  was present in  both the  

to ta l shoot and the to ta l p la s t id  fra c tio n  iso la te d  from th e-shoots of 

plants f iv e  days old from sowing, p lant m aterial of th is  age was used 

rou tin ely  in  a l l  subsequent experiments. F ig . 44, page 137 , shows the 

d istr ib u tio n  o f r a d io a c tiv ity  (fo llow in g  extraction  and TLC) extractab le  

from a to ta l le a f  homogenate and a to ta l p laistid  fr a c tio n . I f  th is  fig u re  

i s  compared with F ig . 29, page 86 , the d is tr ib u tio n  of r a d io a c tiv ity  

associated  the standard g ib b er e llin  Â  fo llow in g  TLC i t  i s  c lea r  th a t  

the d istr ib u tio n  has changed markedly in  both fra c tio n s  in d icatin g  that 

metabolism of the g ib b ere llin  Â  has occurred. F ig . 45, page 138, 

shows the d is tr ib u tio n  of r a d io a c tiv ity  recovered from 1 cm zones iso la te d  

along the en tire  length  of the Hordeum vulgare L. shoots. Highest amounts 

of ra d io a c tiv ity  were recovered from the base of the shoots ( i . e .  the zones 

nearest the point of immersion of the shoot in  the buffered Ĉ hJ g ib b er e llin  

A^), neveirtheless, there were considerable amounts of rad iosic tiv ity  

recoverable from a l l  the other zones iso la te d . Although p la s tid  suspensions 

were not iso la ted  from a l l  zones those iso la te d  from segments 3 cm in  len gth , 

1 cm from the apex had r a d io a c tiv ity  associated  with them. Indeed, when 

these ch loroplast suspensions were layered onto a sucrose d en sity  gradient 

and centrifuged, between 15 and 48^ o f the to ta l ra d io a c tiv ity  recovered  

passed in to  the gradient suggesting, th erefore, th at a co n sisten t amount o f 

ra d io a c tiv ity  was associa ted  with the organelle fra c tio n s  themselves d esp ite  

a large proportion remaining on top o f the gradient and being tru ly  so lub le  

(F ig. 46, page 139). When sim ilar  ch lorop last suspensions were fra c tio n 

ated as described by Mackender and Leech, (1970) only o f the radio

a c t iv ity  was associa ted  with the envelope membrane-enriched fra c tio n , 11^ 

was associated  with the prolam ellar body-enriched fra c tio n  and 85^ was 

associated  with the so lu b le  components of the stroma fra c tio n  (Table 17, 

page 140).
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Table 18, page I4 l  , shows th e  r e s u l t s  of experim ents in  which ra d lo a c t iv e ly -  

la b e l le d  c h lo ro p la s t suspensions were su b jec ted  to  l i g h t  tre a tm en ts  in  

v i t r o . Im m ediately fo llow ing  l i g h t  tre a tm en t th e  c h lo ro p la s t suspensions 

were lay e red  onto a  sucrose  d e n s ity  g ra d ie n t and, fo llow ing  c e n tr i fu g a t io n , 

th e  d is t r ib u t io n  o f r a d io a c t iv i ty  between th e  o rg an e lle  and so lu b le  

f r a c t io n s  was e s tim ated . The r e s u l t s  show th a t  a  5 min i r r a d ia t io n  w ith  

re d  l i g h t  has no d e te c ta b le  e f f e c t  on th e  d is t r ib u t io n  of r a d io a c t iv i ty  

between th e  two f r a c t io n s  when compared w ith  s im ila r  f r a c t io n s  m aintained 

in  darkness th roughout th e  tre a tm en t. S im ila r ly , th e re  was no d e te c ta b le  

d iffe re n c e  in  th e  d is t r ib u t io n  of r a d io a c t iv i ty  between th e  o rg an e lle  and 

so lu b le  f r a c t io n s  when c h lo ro p la s t  suspensions were m aintained in  darkness 

f o r  varying p e rio d s  of tim e fo llo w in g  a  5 min i r r a d ia t io n  w ith  re d  l i g h t  

when compared to  those  m aintained in  darkness th roughout th e  trea tm en t 

p e rio d .

When r a d io a c tiv e ly - la b e lle d  compounds were e x tra c te d  in to  aqueous methanol 

from l ig h t - t r e a te d  c h lo ro p la s t  suspensions and su b jec ted  to  TLC th e re  was 

no d e te c ta b le  d if fe re n c e  between th e  d is t r ib u t io n  o f r a d io a c t iv i ty  e x t r a c t -  

ab le  from th e  dark  and th e  red  t r e a te d  samples (F ig . 4?, page 142). How

ev er, when r a d io a c tiv e ly - la b e lle d  substances were e x tra c te d  from c h lo ro p la s t 

suspensions i r r a d ia te d  w ith  10 min f a r - r e d  l i g h t  fo llow ed by a  p e rio d  o f 

5 min in  darkness, th e re  was a  r e d i s t r ib u t io n  of r a d io a c t iv i ty  when com

pared  w ith  th e  d i s t r ib u t io n  obtained  from those  sam ples re ta in e d  in  dark 

ness fo r  the  whole trea tm en t p e rio d  (F ig . 48, page 143). Following a  10 

min i r r a d ia t io n  w ith  f a r - r e d  l i g h t  approxim ately  6% more of the  to t a l  dpm 

recovered  was p re sen t a sso c ia te d  w ith in  th e  Rf zone 0 -0 .1  than  was 

a sso c ia te d  w ith  th e  corresponding zone of dark  m aintained sam ples; a lso  

th e  GA-LS p re se n t in  a s s o c ia tio n  w ith  Rf zones 0 .5 -0 .9  were c o n s is te n tly  

low er than  those  a sso c ia te d  w ith sam ples m aintained in  darkness; These 

r e s u l t s  suggest, th e re fo re , th a t  a 10 min i r r a d ia t io n  w ith  f a r - r e d  l i g h t
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has an e f fe c t  e ith e r  on the metabolism, or on the e x tr a c ta b ility  of 

r a d io a c tiv e ly -la b e lled  compounds.

In a preliminary follow -up in v estig a tio n  ch lorop last suspensions were 

iso la te d  from Hordeum vuLgare L. le a v es  and subjected to  a 10 min 

irrad ia tion  with far-red  l ig h t  fo llow ed by 5 niin in  darkness. The GA-LS 

were extracted in to  aqueous methanol immediately fo llow in g  irra d ia tio n s. 

Control suspensions were maintained in  darkness fo r  the en tire  treatment 

period.

The r e su lts  shown in  F ig . 49, page 144, show; th a t an irrad ia tion  with 

far-red  l ig h t  mediates a marked diminution in  the le v e l s  o f GA-LS that 

can be extracted from ch lorop last suspensions in to  methanol when compared 

to  those extractab le  from suspensions maintained in  darkness.
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Fig. 43

The e f f e c t  o f age of p la n t  m a te ria l on th e  uptake o f ra d io 

a c t i v i t y  in to  Hordeum v u lg a re  L . sh o o ts  during  a 24h in cu b atio n  

in  b u ffe red  C^n] g ib b e re l l in  a t  24°G in  c o n stan t l i g h t .

  uptake in to  whole shoo ts

  uptake in to  a  p la s t id -e n r ic h e d  f r a c t io n  is o la te d
from a  t o t a l  shoot homogenate.

The age of th e  p la n t  m a te ria l a t  th e  te rm in a tio n  of the

experim ent was age from sowing p lu s  24h.
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Fig. 44

The d is tr ib u tio n  of ra d io a c tiv ity  in  a to ta l le a f  homogenate 

( ------ ) and a p lantid -enriched  extract ( ------ ) fo llow in g  extrac

t io n  in to  aqueous methanol and ILG.
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F ig .

The uptake of r a d io a c tiv ity  in to  1 cm zones iso la te d  from shoots  

of Hordeum vulgare L. fo llow in g  a 24h incubation in  a buffered  

so lu tio n  containing L̂ h] g ib b er e llin  A^.
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Fig, 46

(a) D escription  of the sucrose d en sity  gradient and the l im it s  

of samples fraction ated  fo llow in g  cen tr ifu gation .

(b) The percentage d is tr ib u tio n  of r a d io a c tiv ity  between

the so lub le  and organelle  fr a c tio n s  fo llow ing  cen trifuga

tio n  of r a d io a c tiv e ly -la b e lled  chioropleist-enriched  

suspensions.



Sample
soluble
fraction

25'/,

organelle
fraction

(b) jC-Tot«l dpa recovered

Soluble frftction 

t SS

Organelle fraction 

t  SE

Total dpm recovered

79 6 21 3 10--9

68 11 12 2 1655

76 15 24 5 606

79 6 21 3 1014

52 5 48 5 1396

81 6 19 2 774

73 15 27 5 569

78 14 22 5 1072

57 11 43 9 715

78 16 22 4 583

84 11 16 3 1884

85 15 15 3 686

83 6 17 2 1208
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Table 1?

The percen tage  d is t r ib u t io n  of r a d io a c t iv i ty  in  c h lo ro p la s t-  

en riched  suspensions fo llo w in g  f r a c t io n a t io n  by th e  method 

d esc rib ed  by Mackender and Leech, (1970)«
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Table 18

The percen tage  d is t r ib u t io n  o f r a d io a c t iv i ty  between th e  

so lu b le  and th e  o rg an e lle  f r a c t io n s  o f a  d isco n tin u o u s sucrose  

d e n s ity  g ra d ie n t fo llow ing  l i g h t  tre a tm en ts  a t  24°G and 

c e n tr ifu g a tio n  of ra d io a c t iv e ly - la b e l le d  ch loroplsL st-enriched  

suspensions.

The o rg an e lle  suspensions were d iv id ed  in to  two equal a l iq u o ts  

p r io r  to  l i g h t  tre a tm e n t. The r e s u l t s  p resen ted  a re  th e re fo re  

d i r e c t ly  comparable.
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Fig. 47

The e f f e c t s  of l i g h t  tre a tm en t on th e  d is t r ib u t io n  o f ra d io 

a c t i v i t y  a sso c ia te d  w ith  c h lo ro p la s t-e n r ic h e d  suspensions 

fo llo w in g  e x tra c t io n  in to  aqueous methanol and TLG.

T rea tm en ts :-

j I 10 min. in  darkness (75^)

5 min re d  + 5 min in  darkness (764)

5 min red  + 5 min f a r - r e d  ( 750)

The t o t a l  dpm recovered  p e r tre a tm e n t a re  shown in  b ra c k e ts .

Rf v a lu es  o f a u th e n tic  G A 'si- 

GÂ  0.23

GA4 /7 0-65
GAq 0,92

The o rg an e lle  suspensions were d iv id ed  in to  th re e  equal a l iq u o ts  

p r io r  to  l i g h t  tre a tm e n t. The r e s u l t s  p resen ted  a re  th e re fo re  

d i r e c t ly  comparable.
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Fig. 48

The e f fe c ts  of l i g h t  trea tm en t on the d is t r ib u t io n  of ra d io 

a c t iv i ty  a sso c ia te d  w ith c h lo ro p la s t-en rich ed  suspensions 

fo llow ing  e x tra c tio n  in to  aqueous methanol and TLG.

Treatm ents: -

I '""  ] 15 min in  darkness (756)

10 min f a r - r e d  p lus 5 min in  darkness (811)

The to ta l  dpm recovered per trea tm en t a re  shown in  b ra c k e ts ,

Rf values of a u th en tic  G A 'si- 

GA  ̂ 0 .2 3

0.65

GAg 0.92

The o rg an e lle  suspensions were d iv ided  in to  two equal a liq u o ts  

p r io r  to  l ig h t  trea tm en t. The r e s u l t s  presented  a re  th e re fo re  

d i r e c t ly  comparable.
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Fig. 49

GA-like a c t i v i ty  e x tra c ta b le  from l ig h t - t r e a te d  c h lo ro p la s t-  

en riched  suspensions.

T rea tm en ts :-

(a )  15 min in  darkness

(b) 10 min f a r - r e d  p lu s  5 min in  darkness.
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(e )  Summary

R esu lts  p re sen ted  in  t h i s  ch ap te r su ggest th a t  phytochrome i s  a sso c ia te d  

w ith  an envelope membrane-enriched f r a c t io n  when c h lo ro p la s ts  a re  sub

f r a c t io n a te d .  These r e s u l t s  do n o t p rec lude  th e  presence of phytochrome 

in  a s s o c ia tio n  w ith  th e  o th e r components of the  c h lo ro p la s t ,  b u t the  p resence  

o f la rg e  amounts of ch lo ro p h y ll in  th e se  f r a c t io n s  preven ted  th e  sp e c tro -  

photom etric d e te c tio n  o f phytochrome.

When developing p la s t id  f r a c t io n s ,  i s o la te d  from lig h t-g ro w n  seedlings^ were 

i r r a d ia te d  w ith  red  l i g h t  fo r  5 min th e re  was a  marked in c re ase  in  th e  

le v e l s  of GA-LS ex t r a c ta b le  in to  aqueous m ethanol. C onversely, when- a  f a r -  

red  i r r a d ia t io n  im m ediately fo llow ed  the  re d  i r r a d ia t io n  th e  le v e ls  of 

GA-LS e x tra c ta b le  were c lo se ly  s im ila r  to  those  e x tra c ta b le  from s im ila r  

f r a c t io n s  m aintained in  darkness.

When c h lo ro p la s t-e n r ic h e d  suspensions were is o la te d  from seed lin g s  grown 

under l i g h t  environm ents m ain ta in ing  vary ing  phytochrome p h o to e q u ilib r ia  

th e re  was a c o r r e la t io n  between th e  l e v e l s  of GA-LS e x tra c ta b le  in to  

aqueous methanol and th e  amount of f a r - r e d  l i g h t  added to  th e  l i g h t  en v iron 

ment during  growth of the  se e d lin g s . There was a lso  a  c o r re la t io n  between 

th e  ch lo ro p h y ll a /b  r a t i o  of th e  c h lo ro p la s ts  and th e  phytochrome photo

e q u i l ib r ia ;  the  low er th e  phytochrome p h o to e q u ilib r ia  th e  low er the  

ch lo rophy ll a /b  r a t i o .

C h lo ro p las ts  is o la te d  from shoo ts incubated  in  th e  l i g h t  in  a  b u ffered  

so lu tio n  co n ta in in g  g ib b e re l l in  A^ were ab le  to  tak e  up r a d io a c t iv i ty

and m etabolize i t  over a  24h in cu b a tio n  p e rio d . The m a jo rity  o f th e  

r a d io a c t iv i ty  was a sso c ia te d  w ith  th e  so lu b le  components of th e  stroma 

when the  c h lo ro p la s ts  were su b -f ra c tio n a te d . There was, however, no 

s ig n if ic a n t  e f f e c t  of re d  l i g h t  tre a tm en t on the  d i s t r ib u t io n  o r  ra d io -  

a c t iv e ly - la b e l le d  compounds between th e  so lu b le  and the  o rg an e lle  f r a c t io n s
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when th e  p la s t id s  were f u r th e r  f r a c t io n a te d .  A lso, th e re  was no e f f e c t  o f 

t h i s  l i g h t  trea tm en t on th e  d i s t r ib u t io n  of r a d io a c t iv i ty  fo llow ing  

e x tra c tio n  and TLG of th e  r a d io a c t iv e ly - la b e l le d  o rg an e lle  su sp e i^ io n s . 

However, when c h lo ro p la s t  suspensions were is o la te d  and i r r a d ia te d  w ith 

f a r - r e d  l i g h t  th e re  was a  sm all r e - d i s t r ib u t io n  o f th e  ra d io a c tiv e ly -  

la b e l le d  compounds e x tra c ta b le  from f a r - r e d  l i g h t  t r e a te d  suspensions when 

compared to  th e  d is t r ib u t io n  o f r a d io a c t iv i ty  a sso c ia te d  w ith  p la s t id s  

m aintained in  darkness.

In  p re lim in ary  experim ents to  determ ine th e  e f f e c t  o f f a r - r e d  l i g h t  on th e  

e x t r a c ta b i l i ty  o f GA-LS from c h lo ro p la s ts  in  v i t r o , c h lo ro p la s t-e n r ic h e d  

suspensions were i r r a d ia te d  w ith  f a r - r e d  l i g h t  f o r  10 min and re tu rn e d  to  

darkness f o r  5 min. The le v e l s  of GA-LS e x tra c ta b le  from f a r - r e d  l i g h t  

t r e a te d  suspensions were markedly low er th an  th o se  e x tra c ta b le  from th o se  

m aintained in  darkness throughout th e  trea tm en t p e rio d .
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As d iscu ssed  in  th e  General In tro d u c tio n  th e re  i s  s tro n g  evidence in  th e  

l i t e r a t u r e  to  suggest th a t  th e re  a re  two ty p es  of phytochrome in  dark - 

grown c e l l s ;  one th a t  i s  a s so c ia te d  in  very  sm all q u a n t i t ie s  w ith  

p a r t ic u la te  m a te ria l and an o th er, ( th e  bu lk  of th e  d e te c ta b le  phytochrome), 

th a t  i s  f r e e ly  so lu b le . There i s  a lso  evidence to  suggest th a t  th e  l a t t e r  

type can become a sso c ia te d  (and th e re fo re  becomes p e l le ta b le )  w ith  p e l l e t -  

ab le  m a te ria l upon photoconversion o f P r to  P f r .

In  t h i s ,  and in  o th e r work, phytochrome has been shown to  be a sso c ia te d  

w ith  e t io p la s t s .  Although e t io p la s t- e n r ic h e d  f r a c t io n s  co n ta in  a  high 

p ro p o rtio n  o f phytochrome th a t  i s  no n -o rg an e lle  a sso c ia te d  o r i s  so lu b le , 

r e s u l t s  from sucrose d e n s ity  g ra d ie n t experim ents repoirted in  t h i s  th e s i s  

suggest th a t  a  sm all p ro p o rtio n  of th e  phytochrome i s  t r u l y  o rg an e lle  

a sso c ia te d . The n a tu re  of t h i s  a s s o c ia tio n  of phytochrome w ith  e t io p la s t s  

has y e t to  be determ ined. The amounts of phytochrome involved a re  q u ite  

low and c lo se  to  the  l im i t s  o f d e te c tio n  w ith th e  in strum en ts  a v a ila b le . 

Evans and Smith (1976b) re p o rte d  th a t  e t io p la s t  phytochrome was a sso c ia te d  

e x c lu s iv e ly  w ith  an envelope membrane-enriched f r a c t io n  when G-50 e t io p la s t  

f r a c t io n s  were f u r th e r  f r a c t io n a te d .  However, the  e t io p la s t  p re p a ra tio n s  

they  used were obtained  by th e  G-50  method and^as d iscu ssed  p rev iously^  

were undoubtedly contam inated by m itochondria . The v a l id i ty  of th e se  

r e s u l t s  a re  th e re fo re  q u es tio n ab le . From th e  r e s u l t s  p re sen ted  in  t h i s  

th e s is  th e re  i s  s tro n g  evidence to  suggest th a t  phytochrome i s  p re sen t in  

a sso c ia tio n  w ith an envelope membrane-enriched p re p a ra tio n  is o la te d  from 

c h lo ro p la s ts  of lig h t-g ro w n  sp inach  p la n ts .  As p re v io u s ly  d iscu ssed  th e se  

r e s u l t s  do n o t p rec lude  th e  p resence of phytochrome in  a s s o c ia tio n  w ith 

o th e r components o f th e  c h lo ro p la s t  b u t th e  p resence of la rg e  q u a n t i t ie s  

of ch lo ro p h y ll rendered  th e  spectropho tom etric  d e te c tio n  of phytochrome 

im possible in  th e se  f r a c t io n s .  The p o s s ib i l i ty  s t i l l  e x i s t s  th a t  th e  

sm all amounts of phytochrome d e te c ta b le  in  a s s o c ia tio n  w ith o rg a n e lle /
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membrane f r a c t io n s  could  be an a r t e f a c t  of th e  e x tra c t io n  techn ique.

Soluble phytochrome could be induced to  a s s o c ia te  w ith  membraneous m ater

i a l  upon hom ogenization an d /o r c e n tr ifu g a tio n . However, the  r e s u l t s  

o b ta ined  w ith  immunocytochemical techn iques a lso  suggest th a t  phytochrome 

i s  a s so c ia te d  w ith  m em braneous/organelle m a te ria l and th a t  so lu b le  phytochrome, 

p re se n t over wide a re a s  in  th e  c e l l ,  becomes a sso c ia te d  in to  d is c r e te  a re a s  

fo llo w in g  i r r a d ia t io n  o f dark -m ain ta ined  t i s s u e  w ith  re d  l i g h t .  The 

r e s u l t s  of experim ents perform ed jo in t ly  w ith  A. Evans show th a t  a  

p re p a ra tio n  o f 'so lu b le*  phytochrome can be induced to  a s s o c ia te  w ith  an 

o rg a n e lle -en rich e d  G-50 suspension . 'S o lu b le ' phytochrome can a s s o c ia te  

w ith  th e  o rg a n e lle s  in  an approxim ately  1*1 r e la t io n s h ip  provided  th a t  

b o th  th e  o rg a n e lle -a s so c ia te d  phytochrome and th e  's o lu b le ' phytochrome 

a rq  p re sen t a s  P f r .  I f  e i th e r  of th e  two types o f phytochrome i s  p re sen t 

a s  P r  no in c reased  a s s o c ia tio n  of th e  's o lu b le ' phytochrome w ith the  organ

e l l e s  can be d e te c te d . In  fu tu re  experim ents th e  use o f h ig h ly  p u r if ie d  

phytochrome may enab le  the  n a tu re  o f t h i s  1 i^ t - m e d ia te d  a s s o c ia tio n  to  

be determ ined. There have been len g th y  d iscu ss io n s  in to  th e  p h y s io lo g ic a l 

s ig n if ic a n c e  o f lig h t-m e d ia te d  a s s o c ia tio n s  of phytochrome w ith  o rg a n e lle s  

and membranes. Although th e re  a re  inum erable re p o r ts  o f re d  l ig h t- in d u c e d  

a s s o c ia tio n s  w ith  membrane f r a c t io n s  th e re  a re ,  a t  p re se n t, no re p o r ts  of 

th e  occurrence of a  p h y s io lo g ic a l response a s  a  r e s u l t  of such an asso c

ia t io n .

There i s  now a  co n sid e rab le  amount o f evidence showing th a t  phytochrome 

m ediates th e  le v e l s  of GA-LS in  e t io p la s t- e n r ic h e d  f r a c t io n s  in  v i t r o .

As q u ite  la rg e  q u a n t i t ie s  of so lu b le  phytochrome a re  p re se n t in  a s s o c ia tio n  

w ith  G-50 e t io p la s t  suspensions i t  i s  p o ss ib le  th a t  i r r a d ia t io n  w ith  re d  

l i g h t  causes a  p ro p o rtio n  of th e  phytochrome to  a s s o c ia te  w ith th e  e t i o 

p la s t s  which could  subsequently  m ediate th e  in c re ase  in  GA-LS le v e l s .

However, th roughout th e  course of t h i s  work no in c reased  a s s o c ia tio n  o f
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phytochrome w ith  the o rg a n e lle s  has been d e tec te d  fo llo w in g  i r r a d ia t io n  

w ith re d  l i g h t .  Furtherm ore, e t io p la s t- e n r ic h e d  suspensions is o la te d  from 

sucrose d e n s ity  g ra d ie n ts , devoid of so lu b le  phytochrome, a lso  e x h ib it  a  

phytochrome m ediation o f the  l e v e l s  o f GA-LS. I t  seems reaso n ab le  to  

propose, th e re fo re , th a t  i t  i s  th e  phytochrome th a t  i s  in h e re n tly  a sso c 

ia te d  w ith  th e  e t io p la s t s  th a t  i s  re sp o n s ib le  f o r  th e  observed response .

When G-50  suspensions were incubated  w ith  a  p re p a ra tio n  o f 'so lu b le*  phyto

chrome under c o n d itio n s  known p re v io u s ly  to  induce an in c reased  a s s o c ia tio n  

of phytochrome w ith the  o rg a n e lle s  th e re  was no d e te c ta b le  enhancement of 

th e  GA-LS le v e ls  subsequen tly  e x tra c ta b le .  Indeed, th e  le v e l s  were mark

ed ly  reduced compared to  those  e x tra c ta b le  from p re p a ra tio n s  incubated  w ith  

b u ffe r  only . As d iscu ssed  p re v io u s ly  t h i s  e f f e c t  may have been due to  o th e r 

f a c to r s  and may no t have been a  t ru e  r e f le c t io n  of th e  e f f e c t  o f th e  in 

creased  a s s o c ia tio n  of phytochrome w ith  th e  o rg a n e lle s . Again, the  use o f 

h ig h ly  p u r if ie d  phytochrome in  fu tu re  experim ents may be in v a lu ab le  in  

determ ining a p h y s io lo g ic a l s ig n if ic a n c e  of th e  in c reased  a s s o c ia tio n  of 

phytochrome w ith th e  o rg a n e lle s .

P rev io u s ly , i t  had been g e n e ra lly  accep ted  th a t  photo conversion  of e t io p la s t -  

a sso c ia te d  phytochrome to  K t  m ediated a  change in  th e  p e rm eab ility  o f th e  

e t io p la s t  envelope membrane w ith  re s p e c t  to  GA-LS th e reb y  allow ing  an 

e f f lu x  o f GA-LS out of th e  e t io p la s t s  in to  th e  surrounding medium. How

ever, th e  r e s u l t s  p resen ted  in  t h i s  th e s i s  suggest th a t  a  la rg e  p ro p o rtio n  

o f the  re d -lig h t-m e d ia te d  in c re a se  in  GA-LS i s  r e ta in e d  w ith in  th e  p la s t id s  

them selves. Throughout t h i s  work th e  GA-LS e x tra c te d  were a c id ic  e th y l-  

a c e ta te - so lu b le  i . e .  th e  s o -c a l le d  'f re e *  o r n o n -g lucosy la ted  GA's.

These m olecules have a  low degree o f h y d roxy la tion  and th e re fo re  have a  

h igh  a f f i n i t y  f o r  membranes. I t  i s  reaso n ab le  to  assume th e re fo re , th a t  

the  GA-LS e x tra c te d  and assayed throughout t h i s  work were a sso c ia te d  w ith  

membranes. The n a tu re  o f th e  a s s o c ia t io n  of GA-LS w ith  membranes, and 

w ith  which p a r t i c u la r  membranes rem ains undeterm ined. The GA-LS could  be
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assoc ia ted  with the membranes o f the pro lam ellar  body complex or may be 

a ssoc ia ted  with the envelope membranes. Wherever the GA-LS are lo c a liz e d ,  

and indexed, wherever the phytochrome i s  lo c a liz e d  i t  i s  hypothesized from 

the r e s u lt s  presented here th at when the phytochrome i s  photoconverted in  

v itr o  to  the P fr form the GA-LS are subsequently more rea d ily  ex tractab le  

in to  aqueous methanol. Conversely, when phytochrome i s  present as Pr 

( i . e .  in  the daik or fo llow in g  a R/FR irra d ia tio n  sequence in  v itr o ) the 

GA-LS are l e s s  rea d ily  extractab le  in to  aqueous methanol. This hypothesis 

i s  strengthened by the fa c t  th at there were increases over a wide spectrum of 

GA-LS fo llow in g  red l ig h t  treatment ; furthermore, there did not appear 

to  be increELses in  p articu lar  GA-LS in  any of the experiments reported  

here. However, i t  i s  c lea r  that the use of b ioassay techniques fo r  the  

d etection  of GA-LS i s  fa r  from id ea l and i s  severely  lim ited , d esp ite  

giv in g  inform ation on b io lo g ica l a c t iv ity  of the GA-LS concerned. I t  w il l  

be e sse n tia l in  fu ture experiments, th erefore , to  employ physical meth

ods to  determine more ex a ctly  the nature of the GA-LS involved in  the 

response.

Although the r e s u lt s  of experiments designed to  study the e f f e c t  of 

phytochrome photoequil ib r ia  on chi or opl a st-a sso c  ia  ted GA-LS are only 

very prelim inary they provide evidence to  suggest th at l ig h t ,  operating  

v ia  the phytochrome system, a lso  has an e f f e c t  on the extrac ta b il  i t y  of  

GA-LS from ch lo ro p la sts . When ch lorop last-enriched  fra c tio n s  were iso la te d  

from p lan ts grown in  l ig h t  environments supplemented with varying amounts 

of far-red  l ig h t  the GA-LS subsequently extractab le  in to  aqueous methanol 

were correlated  with the amount of supplementary far-red  l ig h t .  The 

higher the amount of added far-red  l ig h t  the lower the le v e l s  o f GA-LS 

subsequently ex tractab le . There was a lso  an e f f e c t  o f phytochrome photo

eq u ilib r ia  on the chlorophyll a /b  r a t io s  of the ch lorop lasts; ch lorop lasts  

iso la te d  from p lan ts grown under high supplementary far-red  l ig h t  had a
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low er ch lo ro p h y ll a /h  r a t i o  than  those  grown under low supplem entary f a r -  

red  l i g h t .  On th e  b a s is  of pub lished  d a ta  t h i s  low ering  of th e  ch lo ro 

p h y ll a /b  r a t i o  may be due to  an in c re a se  in  the  amount of ch lo ro p h y ll b . 

I t  i s  in te r e s t in g  to  sp ec u la te  on the  r e s u l t s  th a t  may be ob ta ined  from 

an e le c tro n  m icroscope study of th e se  c h lo ro p la s ts .  From pub lished  d a ta  

i t  i s  p o ss ib le  t h a t  th e re  may be a  d if f e re n c e  in  th e  o rg a n iz a tio n  of th e  

th y la k o id  membrane system such th a t  th e  g ran a l s ta c k s  may be sm alle r in  

the c h lo ro p la s ts  of p la n ts  m aintained under h igh  le v e l s  of supplem entary 

f a r - r e d  l i g h t .  This may be an advantage in  term s of m ain ta in ing  photo

sy n th e tic  e f f ic ie n c y  under c o n d itio n s  o f h igh  f a r - r e d  illu m in a tio n .

F u r th e r  evidence in  support of the  ro le  o f phytochrome in  the  e x tr a c t -  

a b i l i t y  o f GA-LS comes from the  r e s u l t s  of experim ents in  which ch lo ro 

p la s t s  were i r r a d ia te d  w ith  f a r - r e d  l i g h t  in  v i t r o ; low er le v e l s  o f GA

LS were e x tra c ta b le  from c h lo ro p la s ts  i r r a d ia te d  w ith  f a r - r e d  l i g h t  than  

from those  m aintained in  d a rk n ess . I t  ap p ears , th e re fo re , th a t  an 

i r r a d ia t io n  w ith  f a r - r e d  l i g h t  ren d e rs  th e  GA-LS in  c h lo ro p la s ts  l e s s  

r e a d i ly  e x tra c ta b le  in to  aqueous m ethanol.

In  conclusion , th e  r e s u l t s  p re sen ted  in  th i s  th e s i s  s tro n g ly  suggest th a t  

phytochrome i s  p re sen t in  c lo se  a s s o c ia tio n  w ith bo th  e t io p la s t s  and 

c h lo ro p la s ts  and th a t  i t  m ediates th e  le v e l s  o f GA-LS e x tra c ta b le  from 

from them in to  aqueous m ethanol. The n a tu re  o f t h i s  response i s  no t f u l l y  

understood b u t may invo lve phytochrome-mediated conform ational changes of 

the  p la s t id  membranes.
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An in Vitro Association of Soluble Phytochrome 
with a Partially Purified Organelle Fraction from Barley Leaves
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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 
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 phytochrome action ; however since relatively 
large amounts (up to 80%) of the total homogenate 
phytochrome may be involved 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

0032-0935/78/0141/0071 /$01.20
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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 Mĝ "*" or Ca^^ (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. 
Schafer, 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.

Materials and Methods

Preparation o f  Plant M aterial

Seedlings o f 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.

Cell Fractionation

Partially-purified etioplasts were isolated by a modification o f  the 
method o f  Wellburn and W ellbum (1971). The laminae were finely 
chopped with a razor blade and gently homogenized in 25 mM  
N-morpholino-3-propanesulfonic acid (MOPS) containing 3 m M  
EDTA (disodium salt), 14 mM 2-mercaptoethanol and 250 m M  
sucrose, adjusted to a final pH o f  7.5. A  tissue to buffer ratio 
o f  1.2 was used. The homogenate was gently exuded through 12 
layers o f  cheese cloth. The resulting filtrate had a pH o f  7.1 which  
was maintained throughout the isolation procedure. The filtrate 
was centrifuged at 6000 x g  for I 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 o f  
leaf tissue was resuspended in 4 ml o f  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 o f  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 o f  mitochondria, the greater part o f  
the G-50 eluate is com posed o f  etioplasts. Virtually no other mem
branous material is found in this fraction.

Preparation o f  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 o f  
a Beckman L5-65 ultracentrifuge for 60 min, and the supernatant 
used as “ soluble phytochrom e”.

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^ o f particulate sus
pensions and 10 cm^ o f  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 o f  
each treatment weje 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 o f four 15 W ‘warm w hite’ fluores
cent tubes filtered through 1 layer o f  no. 1 Yellow Cinemoid and 
1 layer o f  no. 14 Ruby Cinemoid (Rank Strand Electric, Kingsway, 
London, England). The resulting photon fluence rate was 2.3 pmol 
m ~^s“  ̂ at the sample surface. The source o f  far-red light consisted  
of four 250 W  single coil tungsten bulbs filtered through 10 cm of  
running water, one layer o f no. 5 A Deep Orange and one layer 
o f no. 20 Deep Blue Primary Cinemoid. The photon fluence rate 
at the sample surface was 4.6 pmol m"^s" \
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Phytochrome Assay

Total phytochrom e was measured at 25° C using a Perkin Elmer 
156 Dual W avelength Spectrophotom eter. Calcium carbonate was 
used to increase effective path length using a plastic cuvette. 
Particulate preparations were serially diluted such that recorded 
J (d A ) 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 o f protochlorophyllide to chlorophyllide prior to mea
surement. Actinic irradiations were o f 60 s duration. The absolute 
values o f 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 p r o te in '‘] differed by a factor 
o f ca. 2 between samples prepared on different days. This variation 
is not great for this type of work, but it clearly makes quantitative 
com parisons between experiments impossible, although such com 
parisons within experim ents 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

R ed-L ight M ed ia ted  Phytochrom e P elletability  
in Crude H om ogenates

In prelim inary experim ents, the effects o f  irradiation  
o f  h om ogenates in vitro on the am ounts o f  phyto
chrom e found associated with a subsequent 6000 x g  
pellet were investigated. Table 1 show s that 5 min 
R irradiation increased by between 60 and 100% the 
specific activity o f  the material which pelleted at 
6000 x g .  FR  given subsequent to the R did not result 
in any dim inution  o f  the R -induced phytochrom e pel
letability. Purification o f  pellets from  R and dark- 
treated hom ogenates gave an approxim ate 5 fold en 
richm ent o f  phytochrom e and show ed that the pellet-

13

9

7

5 160 2000 80 12040
min after R

Fig. 1. Time-course of the loss of spectral photo-reversibility in 
freshly-prepared homogenates o f etiolated barley leaves. O pen sym
bols, aliquot given 5 min R and returned to darkness; closed sym
bols, aliquot m aintained throughout in darkness

able phytochrom e was associated  with the organelles 
fractionated by this procedure, i.e. etioplasts and m i
tochondria.

The association  o f  phytochrom e with the pellet- 
able material is quite stable, both in the Pr and Pfr 
form. Figure 1 show s the time course o f  the loss 
o f  spectral photoreversibility in a dark-incubated h o 
m ogenate, and in a sim ilar hom ogenate treated with  
R light and returned to darkness. Loss o f  total phy
tochrom e follow s a similar course in both sam ples.

A ssociation o j Soluble Phytochrom e  
with P elletable M ateria l

If the R -m ediated increase in pelletability found in 
crude hom ogenates represents an association  o f  so lu 
ble phytochrom e with particulate m aterial, then a 
similar phenom enon  should occur if  so luble p h yto 
chrom e, com pletely devoid  o f  pelletable m aterial, is

Table 1. Light-induced phytochrom e pelletability in filtered homogenates of etiolated barley leaves. 
Hom ogenates prepared as in M aterials and M ethods were filtered through M iracloth and aliquots 
treated as described. Immediately after treatm ent 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 phytochrom e 
and protein assays (G-50). Data presented are means ±  S.E.

Fraction Treatm ent Mean
X 10"* J(d A )

Mean
protein (mg) ■

Mean
X lO''^ A(AA) mg 

p ro te in ' ‘

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 11.4 ±0.66

G-50 Dark 34 0.98 34.7
G-50 5 min R 48 0.92 52.2
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Table 2. Light-induced association o f soluble phytochrome with partially-purified organelle fraction. 
Aliquots (5 cm^) o f organelle fractions purified via the G-50 colum n were mixed with 10 cm^ 
soluble phytochrom e (100,000 x g  supernatant) (100 KS), raised to 24° C and subjected to the stated 
light treatments. Immediately after the treatm ent the samples were centrifuged at 6,000 x g and 
the resuspended pellets assayed for phytochrom e and protein. The aliquots o f soluble phytochrom e 
contained an average o f  2.02 mg protein and gave 0.0113 d(A A ), yielding specific activity o f 
5.59 X 10“  ̂ d(TA ) mg p ro te in” *

Fraction Treatm ent X 10” * à {àA )  mg protein X 10” * â (â A )  mg 
p ro te in” *

G-50 alone D ark 14.0 0.92 15.2

G -50-H 00 KS D ark I7 .0 ±  1.4 1.08±0.17 16.6±2.1
G -50-hlOOK S 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±  1.2 0.64-1-0.05 42 .7-h i .5

m ixed with purified organelles. This was tested by 
incubating an aliquot o f  partially-purified organelles 
(m ainly etiop lasts) from the G -50 colum n with an  
aliquot o f  a 100,000 x g supernatant, which contains  
substantial am ounts o f  phytochrom e but no pelletable 
m aterial. Table 2 show s that sim ple m ixing o f  such  
aliquots in the absence o f  light treatm ent does not 
yield enhanced pelletability. On the other hand, if  
such mixtures are given R irradiation, the am ount 
o f  phytochrom e found in the subsequent pellet is 
m ore than doub led ; FR  given after R does not d im in
ish the increased pelletability o f  phytochrom e. In 
a number o f  con tro l experim ents, R-irradiation was 
found to have no detectable effect on the am ounts 
o f  pelletable phytochrom e in aliquots from  the G-50  
colum n; sim ilarly, aliquots o f  soluble phytochrom e  
did not conta in  any phytochrom e pelletable at 
6000 x g  when R-irradiated or incubated in darkness.

E ffect o f  Pre-Irradiation  
on Phytochrom e P elletab ility

40

25

20

h after irradiation

Fig. 2. Stability of organelle-associated phytochrom e in vitro. O r
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 5 min R followed by 5 min FR and returned to 
darkness ( • )

It seem s clear from  the above that R -irradiation in
duces soluble phytochrom e to associate with the par
tially-purified organelles, and that photoconversion  
o f  associated-phytochrom e from Pfr to Pr does not 
lead to loss o f  pelletability. Indeed, even when sam 
ples are m aintained in the Pr state after a R /F R  irradi
ation sequence for several hours, no detectable loss 
o f  pelletability was observed (Fig. 2). It was im por
tant, therefore, to test whether the association  o f  so lu 
ble phytochrom e with the pelletable material was de
pendent on the presence o f  Pfr in either or both o f  
the com ponents. Table 3 show s data from  experi
m ents in which aliquots o f  soluble phytochrom e and  
partially-purified organelles were treated separately  
with either R, R follow ed by FR, or left in darkness, 
and then mixed and incubated before pelleting. These

results show  that the increase in pelletable p h yto
chrom e only occurs if both com ponents are R-irra
diated.

Table 4 show s data from  separate experim ents 
in which the partially-purified organelles and the so lu 
ble phytochrom e were subjected to R or R /F R  treat
ment separately prior to m ixing and centrifugation. 
It is clear from these results that the requirem ent 
for R-irradiation represents, in fact, a requirem ent 
for the presence o f  Pfr. Thus, the increase in pelletable  
phytochrom e 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 contain ing only Pr, nor will soluble Pr associ
ate with organelles contain ing either Pr or Pfr.
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Table 3. Effect o f pre-irradiation on the pelletability o f phytochrome in subsequently-mixed prepara
tions o f  soluble phytochrome and purified organelle fractions, a Aliquots o f  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 o f  soluble phytochrome and one o f  
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 KS X 10”* J(JA ) mg protein X 10” * J (J A ) mg 

protein” ^

a
Dark Dark 11 0.53 20.8
5 min R Dark 10 0.50 20.0
Dark 5 min R 11 0.53 20.8
5 min R 5 min R 18 0.37 48.6
5 min R-1-5 min FR 5 min R-l-5 min FR 10 0.51 19.6

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

Table 4. The requirement for Pfr in both organelles and the soluble fraction. Details o f  the experiments are as in the caption to 
Table 3.

Treatments X 10” * A{AA) mg protein X 10”* J (J A ) 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 1 2 .2 ± 0 .8 - 0.269 0.27 ±0.003 52.0 45.3 ± 3 .5
11.6 0.275 42.3

5 min R-l-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 2 7 .0 ± 3 .5
5.9 0.218 27.1

5 min R 5min R-l-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

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

ganelles (Quail, 1977), because it is very rapid, and 
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 
soiT\e 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, George vitch 
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 simple 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 George vitch 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 o f Botany. Adrian Building, The University, University Road, Leicester LEI 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 
Phytochrome.

Hordeum -

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 suspensions 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.

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 (1976 a) 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 0 X 5  IPF, U.K.

Materials and Methods

Preparation o f  Plant M aterial

Seedlings o f 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 o f  
the first leaf were cut 3 cm long, 1 cm from the apex.

Isolation o f  Organelle Fractions

(a) Preparation o f  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 o f  7.5. A tissue to buffer ratio o f  1 :2 was used. The homogenate 
was gently exuded through 12 layers o f cheese cloth and the result
ing filtrate had a pH o f 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

0032-0935/80/0148/0312/$01.40
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the pellet derived from 80 g fresh weight o f 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 Filtration. A  modification o f  
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 cm^ 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 o f the pooled 
G-50 organelle suspensions were layered on to an equal volume 
o f  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^ o f 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 o f  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 o f four 15 W ‘warm w hite’ fluores
cent tubes filtered through 1 layer o f no. 1 Yellow Cinemoid and 
1 layer o f  no. 14 Ruby Cinemoid (Rank Strand Electric, Kingsway, 
London, England). The resulting photon fluence rate was 2.3 pmol 
m ” ^s” ' at the sample surface. The source o f far-red light consisted 
o f  four 250 W single coil tungsten bulbs filtered through 10 cm 
o f running water, 1 layer o f no. 5A Deep Orange and 1 layer 
o f no. 20 Deep Blue Primary Cinemoid. The photon fluence rate 
at the sample surface was 4.6 pmol m ~^s” T Safe lights consisted 
of one 15 W 50.8 cm fluorescent tube filtered through 2 layers 
o f  no. 39 Primary Green Cinemoid.

Light Treatments

Organelle suspensions were divided into three aliquots o f 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 
(R E D /FA R  RED), and a third aliquot was maintained in darkness 
for the entire 10 min treatment period (D A R K ). All treatments 
were performed at 24° C in a water bath.

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 c 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 o f  freezing and thawing to effect disruption of the mito
chondrial membranes.

Succinate Dehydrogenase Assay

Succinate dehydrogenase was assayed according to the method 
o f 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 1 cm 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 o f 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 o f 0.1 M NaOH and protein 
determined by the method o f  Lowry et al. (1951) using bovine 
serum albumin as a standard.

Extraction and Fractionation o f  GA-Like Substances

After light treatment, aliquots o f organelle suspensions were imme
diately homogenized in ice-cold methanol to a final concentration 
o f 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
distilled ethyl acetate at low pH were reduced to dryness in vacuo 
and re-dissolved in a small volume o f re-distilled ethanol: ethyl ace
tate, 1:1. Thin-layer chromatography was carried out on 0.25 mm 
layers o f 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 o f 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 o f nitrogen and re-dissolved in 1 cm^ of sterile 
water prior to bioassay.
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Estimation o f  G A-Like Activity

G.A-like activity was estim ated using a modification of the Jones 
and Varner (1967) barley half-seed bioassay. Half-seeds o f Hordeum  
vulgare L. cultivar H im alaya, 1974 (Professor J.D . Maguire. W ash
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 w ith each other. The half-seeds were imbibed for 48 h 
at room  tem perature, 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 chloram phenicol (0.5 mg 
cm ” ^) and 1 cm^ test solution. Conical flasks were incubated in 
an orbital shaker at 25° C for 24 h at approxim ately 50 oscillations 
m in“ ‘. 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 estim ated using starch solution as the substrate and iodine/ 
hydrochloric acid as the term inator o f the reaction, a-amylase activ
ity induced in the half-seeds by the test solution was calculated 
from the absorbance o f the resulting solutions at 620 nm.

Results

C haracterisation
o f  the Sephadex G-50 (C oarse) Eluate

The Sephadex G -50 (coarse) elution profile o f  W ell
burn and W ellburn (1971) show s three peaks o f  A 256 
(Fig. 1). The first is claim ed to correspond to intact 
plastids, the second to intact plastids and m itochon
dria, and the third to debris and broken plastids. 
Fig. 2 a and b, the Sephadex G -50 elution profiles 
obtained by Evans and Sm ith (1976a) and in this

In tac t plastids

100 Intact plastids and mitrodxxidria

Detsris and  broken p lastids

T u b e  n u m b e r

F ig . 1. Elution profile o f 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 m itochondria 
and the third to  debris and broken plastids. (After W ellburn and 
Wellburn 1971)

work show  only single elution peaks. Fig. 3 show s  
the profiles o f  extractable carotenoids and cy to 
chrom e c oxidase/succinate dehydrogenase activities 
m easured through a G -50 colum n eluate. The carot
enoids and the m itochondrial m em brane marker en
zym es elute together. The percentage recovery o f  these 
markers in a pooled  G -50 eluate com pared to that 
o f the initial crude plastid pellet is show n in Table 1. 
The data closely  agree with those o f  Quail (1977) 
and support the conclusion  that etiop lasts prepared 
by the G -50 m ethod have a significant level o f  m ito 
chondrial contam ination . Both Evans and Smith  
(1976a) and Q uail (1977) have show ed spectrophoto- 
m etrically-detectable phytochrom e to have similar 
elution characteristics to the single elution  peak they  
obtained from the G -50 colum n. W e have obtained  
sim ilar results (Fig. 4). H ow ever, Q uail ( 1977) was un
able to m easure phytochrom e in a re-suspended organ
elle pellet, obtained after further low -speed centrifuga
tion o f  the poo led  G -50 organelle fractions and sug
gested that the phytochrom e was present solely as

10

o  0 82 6 0

0 60 5

02

20 AO 6 0

F r a c t i o n  n u m b e r

100 100
F r a c t io n  n u m b e rba

Fig. 2a and b. Elution profiles o f 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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Fig. 3. Elution profile o f Sephadex G-50 
(coarse) gel filtration colum n using 
cytochrome c oxidase and succinic 
dehydrogenase as m arkers o f m itochondrial 
membranes and carotenoids as a m arker of 
etioplast membranes. Each fraction was 
0.5 cm^ in volume

Table 1. Percentage recoveries of etioplast and m itochondrial mem
brane markers during Sephadex G-50 (coarse) fractionation

Crude
plastid
pellet

Bulked
G-50
fractions

% recovery 
in G-50 
fractions

Carotenoids 10.5 2.8 27
pg cm " ^

Succinate dehydrogenase 179.4 63.3 35
kat 1 0 - '°

Cytochrom e c oxidase 321.4 70.3 22
kat- I Q -"

4 0

°  3-0 3 0

F r a c t io n  n u m b e r

Fig. 4. Elution profile of Sephadex G-50 (coarse) gel filtration col
umn showing that spectrophotom etrically detectable phytochrom e 
[d (d A ) 6 5 0  7 3 0 nm] has similar elution characteristics to the etioplast 
membrane m arker, carotenoids. Each fraction was approxim ately 
2 cm^ in volume

a soluble contam inant running in the void volum e  
o f  the Sephadex colum n. In contrast, we were 
able to measure sm all, but nevertheless, consistent 
am ounts o f phytochrom e in both the supernatant 
[2 0 - lO^^^dlzlA)] and the organelle-containing fraction  
[15- 10” ‘̂ z)(dA)] follow ing centrifugation o f  a pooled  
G -50 eluate at 6,000 g  for 1 min, suggesting that at 
least part o f  the G -50 phytochrom e is truly organelle-

associated, despite a large proportion o f  it being non- 
organelle associated or soluble, as suggested by Quail 
(1977). Kraack and Spruit (Pers. C om m .) have also  
been able consistently to m easure pelletable or organ
elle-associated phytochrom e in G -50 fractions iso la t
ed from  m aize shoots in com plete darkness or under 
green safelight.

C haracterisation
o f  the P ost G-50 Sucrose Centrifugation Fractions

The tw o fractions obtained after centrifuging an equal 
volum e o f pooled  G -50 eluate through 20% sucrose 
exhibited very distinct characteristics in term s o f  
marker enzym es and o f  m easurable phytochrom e. 
The etioplast-enriched fraction contained  45%  o f  the 
extractable carotenoids, 12.4% o f  the total m easur
able phytochrom e [5- 10~ ‘̂ d(dA)] and no cytochrom e  
c oxidase activity, whereas the m itochondrial-en
riched fraction contained 14% o f  the carotenoids, 
44% o f the m easurable phytochrom e  
[17.5 - 10"^d(dA )] and 97%  o f the cytochrom e c ox- 
iate activity. We were therefore able to  obtain an 
etioplast suspension contain ing m easurable am ounts  
o f phytochrom e but no cytochrom e c oxidase activity, 
indicating the absence o f  m itochondrial contam ina
tion, and a further fraction enriched with m itochon
dria.

Characterisation
o f  the D iscontinuous Sucrose G radient Fractions

The elution profile obtained after centrifuging a crude 
plastid pellet through a d iscontinuous sucrose gra
dient (Fig. 5) show s tw o distinct peaks o f  extractable 
carotenoids, one at the 25% /40%  interface with high  
associated cytochrom e c oxidase activity and another 
at the 40% /55%  interface with no associated  cy to 
chrom e c oxidase activity. Figure 6 show s the distribu
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Fig. 5. Description o f discontinuous sucrose gradient and the elu
tion profile obtained using cytochrom e c oxidase and total extract- 
able carotenoids as m arkers of the mitochondrial and etioplast 
membranes respectively. N ote the two peaks of extractable caroten
oids. The first at the 25/40% interface is associated with a peak 
o f high cytochrome c oxidase activity whereas the second peak 
has no associated cytochrom e 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 o f spectrophotom etrically-detectable phytochrom e (a) and 
its specific activity (b). Phytochrome is m easurable associated with 
both the organelle fractions despite approxim ately 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 approxim ately 4 cm-’. 
The arrows indicate the banding positions o f the organelle fractions 
subsequently used in light treatm ent experiments

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

Phytochrom e- M edia ted  Changes 
in G ihberellin-Like Substances

Figure 7 (a) dem onstrates the effects o f  red and far- 
red light on the level o f  b iologically-active G A -like

substances extractable from G -50 eluate organelle  
fractions. The data closely agree with those previously  
published (C ook e et al., 1975; C ook e and Saunders, 
1975; Evans and Sm ith, 1976a). The level o f  G A -like  
activity is substantially increased when the suspen
sions are irradiated for 5 min w ith red light but the 
levels o f  activity extractable from sam ples irradiated  
with far-red light im m ediately fo llow ing red light, are 
similar to  those extractable from  the dark controls.

Figures 7 b and c dem onstrate the effects o f  red 
and far-red light on the levels o f  G A -like substances 
extractable from  post-G -50 sucrose centrifugation  
suspensions. T he level o f  G A -like substances extract- 
able from  m itochondrial-enriched fractions fo llow ing  
light treatm ent rem ains closely  sim ilar to that o f  sam 
ples retained in darkness. H ow ever the level o f  G A - 
like activity extractable from  etioplast-enriched sam 
ples is substantially increased fo llow ing  light treat
ment. The red light m ediated increase in activity is 
prevented if the sam ples are irradiated with far-red 
light im m ediately follow ing red light.

The effects o f  light treatm ents on the d iscon tin 
uous sucrose gradient fractions are show n in Fig. 7d  
and e. B iologically-active G A -like substances ex
tracted from the upper banding fractions are unaf
fected by light treatm ents whereas the sam ples ob 
tained from the 40% /55%  interface show  enhanced  
extraction o f  G A -like substances fo llow ing a red light 
treatment. A gain, far-red light given im m ediately after 
the red light reverses the enhanced bioassayable acti
vity o f  G A -like substances.

Discussion

It is clear from these data and those o f  Quail (1977) 
that the eluate obtained from  a Sephadex-G -50  
(coarse) colum n is com posed  o f  both intact etioplasts  
and a significant level o f  m itochondrial contam ina
tion. Both Evans (1975) and Q uail (1977) observed  
the com plete absence o f  m em brane fragm ents and  
vesicles in electron m icrographs o f  G -50 eluate pellets. 
These suspensions exhibit a phytochrom e-m ediated  
regulation o f  the levels o f  G A -lik e substances extract- 
able into aqueous m ethanol. If purified preparations 
o f etioplasts free o f  m itochondrial contam ination  are 
obtained by further purification o f  the G -50 eluate, 
a phytochrom e-m ediated increase in the level o f  G A - 
like substances can again be dem onstrated, strongly  
supporting previously published data. C onversely, 
fractions enriched with m itochondria exhibit no R / 
FR  reversible increase in extractable G A -like activity  
follow ing light treatm ent. E tioplast-enriched fractions 
obtained from a d iscontinuous sucrose gradient also  
show  a phytochrom e-m ediated  regulation o f  b io log i
cally-active G A -lik e substance levels. A gain , 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

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 c o n tro l  o f p l a s t i d  a d b b e re ll ln  l e v e l s ,  

J .  H. H ilto n

P re v io u s ly  p u b lish e d  work h a s  shown t h a t  phytochrom e i s  p re s e n t  in  
a s s o c ia t io n  w ith  e t i o p la s t - e n r ic h e d  o rg a n e lle  su sp en s io n s  and t h a t  
i t  m ed ia tes in  v i t r o  th e  l e v e l s  o f g i b b e r e l l i n - l i k e  su b s ta n c e s  
(GA-LS) e x tr a c ta b le  from  them in to  aqueous m ethano l. However, th e  
tec h n iq u e  used to  i s o l a t e  th e  o rg a n e l le  su sp en s io n s  has  r e c e n t ly  
been c r i t i c a l l y  examined, b o th  b io ch e m ic a lly  and w ith  th e  use o f  th e  
e le c tr o n  m icroscope and found  to  p u r ify  m ito ch o n d ria  to  a  s im i la r  
e x te n t  to  e t i o p l a s t s .  The v a l i d i t y  o f  th e s e  r e s u l t s  i s  th e r e fo r e  
q u e s t io n a b le .

T h is t h e s i s  p re s e n ts  r e s u l t s  o f experim en ts d esig n ed  to  study  
f u r t h e r  th e  p resen ce  o f  phytochrom e in  a s s o c ia t io n  w ith  e t i o p l a s t -  
e n ric h e d  su sp en sio n s  and a ls o  re-exam ines th e  r ô l e  o f  phytochrom e 
in  th e  m ed ia tio n  o f GA-LS l e v e l s .  When e t i o p l a s t s  a re  p rep a red  
f r e e  of m ito ch o n d ria l c o n ta m in a tio n  (a s  judged by b iochem ica l m arker 
enzymes) phytochrom e rem a in s  in  a s s o c ia t io n  w ith  th e  e t i o p l a s t s  and 
a ls o  m ed ia tes th e  l e v e l s  o f GA-LS e x tr a c ta b le  from  them. S uspensions 
e n rich ed  w ith  m ito ch o n d ria  a ls o  c o n ta in  s p e c tro p h o tc m e tr ic a l ly -  
d e te c ta b le  phytochrom e b u t e x h ib i t  no phytochrom e m ed ia tio n  of 
e x tr a c ta b le  GA-LS l e v e l s .

I t  was p re v io u s ly  h y p o th e s iz e d  t h a t  photoc on v e rs io n  o f e t i o p l a s t -  
a s s o c ia te d  phytochrome to  P f r  m ediated a  change in  th e  p e rm e a b il ity  
o f th e  e t i o p l a s t  envelope  membranes w ith  r e s p e c t  to  GA-LS th e re b y  
a llo w in g  an e f f lu x  o f GA-LS o u t o f th e  e t i o p l a s t s  in to  th e  su rro u n d 
in g  medium. The r e s u l t s  p re s e n te d  in  t h i s  t h e s i s  show t h a t  a  l a r g e  
p ro p o rtio n  o f th e  r e d  l ig h t-m e d ia te d  in c re a s e  in  GA-LS i s  r e ta in e d  
w ith in  th e  e t i o p l a s t s .  The r e s u l t s  s u g g e s t, t h e r e f o r e ,  t h a t  p hy to 
chrome p h o to co n v ers io n  h a s  an  e f f e c t  on th e  e x t r a c t a b i l i t y  o f GA-LS 
from  e t i o p l a s t s  p o s s ib ly  v ia  co n fo rm ationa l changes o f th e  e t i o p l a s t  
membranes.

R e s u lts  o f p re lim in a ry  ex p erim en ts  w ith  c h io ro p la s t - e n r ic h e d  
o rg a n e lle  su sp en sio n s  a re  a ls o  p re se n te d  and su g g e s t t h a t  phytochrom e 
i s  d e te c ta b le  in  a s s o c ia t io n  w ith  c h lo r o p la s ts  (nam ely th e  envelope 
membranes) and th a t  i t  m ed ia te s  th e  l e v e l s  o f GA-LS e x tr a c ta b le  from  
them.


