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SUMMARY

An in v e s t ig a t io n  was made o f  the  endogenous GAs o f  young 

Pisum sa tivum  s e e d lin g s , and o f  th e  m etabo lism  o f  [^H]GAg, [ ^H]GA.j ^ 

a ldehyde , [^H]GA.^^ and [ ^HjGA^g by Pisum s e e d lin g s . An e x tr a c t  

o f  te n -d a y -o ld  l ig h t-g ro w n  s e e d lin g s  o f  th e  t a l l  c u l t i v a r  A laska 

was p u r i f ie d  and then  sepa ra ted  by HPLC in to  seven ty  f r a c t io n s ,  

which were ana lysed  us in g  th re e  b ioassays  and a GA.̂  radioim m uno

assay. A c tiv e  f r a c t io n s  were su bsequen tly  ana lysed  by GC-MS,

Mass s p e c tra  o f  GA^g and GA^g were o b ta in e d , GC-MS f a i le d  to  

d e te c t  GA,j in  a HPLC f r a c t io n  th a t  had ch rom a tog raph ic  and 

assay p ro p e r t ie s  s im i la r  to  those  o f  GA. ,̂ GC-MS d id  however 

d e te c t th e  presence o f  a nove l G A -lik e  compound in  t h i s  f r a c t io n .  

A lthough  the  id e n t i t y  o f  t h is  component was n o t de te rm ined  i t s  

mass spectrum  co n ta in e d  io n s  c h a r a c te r is t ic  o f  th e  presence o f  

a 1 3 -h y d ro x y l g roup .

E x tra c ts  o f  e ig h t-d a y -o ld  shoo ts  from  l i g h t -  and d a rk -

grown s e e d lin g s  o f  the  t a l l  c u l t i v a r  A laska and th e  dw a rf c u l t iv a r s

M eteor and P rogress N o.9 were each sepa ra ted  in to  35 f r a c t io n s  by

HPLC, and each f r a c t io n  ana lysed  f o r  th e  presence o f  G A -lik e

substances u s in g  a GA.j rad io im m unoassay. L ig h t-g ro w n  shoo ts  o f

a l l  th re e  c u l t iv a r s  appeared to  c o n ta in  s im i la r  G A -lik e  substances,

a t  le a s t  fo u r  be ing  d e te c te d . The amount o f  GA^g in  l i g h t  grown

shoo ts  was e s tim a te d  and v a r ie d  from  70 to  330 pg s e e d lin g ” ^

-1( c a . 0 ,4  to  1 .6  ng g . f . w t ”  . ) .  These e s tim a te s  a re  c o rre c te d

f o r  th e  re co ve ry  o f  in te r n a l  s tan d a rds  in  th e  e x tra c ts  and f o r  th e

c r o s s - r e a c t iv i t y  o f  GA^g in  th e  GA.̂  RIA. D ark-grown shoo ts  co n ta in e d
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much lo w e r amounts o f  a l l  th e  G A -lik e  substances d e te c te d , 

re g a rd le s s  o f  w hether th e  amount was expressed on a per s e e d lin g  

o r on a pe r u n i t  w e ig h t b a s is .

T r i t i a t e d  p ro d u c ts  from  feeds  o f  [^H]GAs to  s e e d lin g s  were 

ana lysed  by HPLC-RC. Some o f  th e  [^H]GA^^ m e ta b o lite s  were a ls o  

ana lysed  by GC-MS. [^H]GAg was m e tab o lise d  e x te n s iv e ly  by l i g h t -  

grown s e e d lin g s  o f  th e  c u l t iv a r s  A laska , Meteor and P rogress N o,9, 

and a ls o  by dark-g row n s e e d lin g s  o f  th e  c u l t i v a r  A la ska , A t le a s t  

tw e n ty  seven m e ta b o lite s  were d e te c te d , b u t o n ly  GA^g and p o s s ib ly  

GAgg were id e n t i f ie d .  The p a t te rn  o f  m etabo lism  appeared id e n t ic a l  

in  c v . M eteor and in  cv . P rogress N o .9 , and t h i s  was ve ry  s im i la r  

to  th e  spectrum  o f  m e ta b o lite s  observed from  l i g h t -  and d a rk - 

grown s e e d lin g s  o f  th e  c u l t i v a r  A laska ,

Only low  amounts o f  a s in g le  p o s s ib le  m e ta b o lite  o f  [^H]GAgg 

were d e te c te d . T h is  p u ta t iv e  m e ta b o lite  was p re se n t in  s im i la r  

amounts in  e x t ra c ts  o f  l ig h t -g ro w n  shoo ts  o f  th e  c u l t iv a r s  A laska ,

M eteor and P rogress N o ,9, The m e ta b o lite  was n o t id e n t i f ie d  b u t 

was n o t GA.J o r GAg, and p ro b a b ly  n o t GA2 g o r GAgg c a ta b o l i t e .

A t le a s t  fo u r te e n  m e ta b o lite s  were observed from  a feed  o f  

[^H]GA^^ to  young l ig h t-g ro w n  s e e d lin g s  o f  th e  c u l t i v a r  A laska .

One p ro d u c t was id e n t i f ie d  by GC-MS as GA^^g, b u t th e  o th e r 

m e ta b o lite s  were n o t id e n t i f ie d ,  a lth o u g h  HPLC and GC-MS a n a ly s is  

showed some o f  them to  be d is t in c t  from  a range o f  GAs, in c lu d in g  

GA.j, GAg, GA^g, GAg^, GA2 q» GA^q and GA^2 » i^h ich were id e n t i f ie d  

by D u rle y  _et (1974a ,b ) as p ro d u c ts  o f  [^H]GA.^^ fe d  to  pea 

s e e d lin g s .

11



[^H]GA ^ 2  a ldehyde was co nve rte d  to  sm a ll amounts o f  a 

number o f  p ro d u c ts , b u t these  were n o t d is t in g u is h e d  from  

breakdown p ro d u c ts  observed in  c o n t r o l  e x t r a c t io n s .

I l l
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1 ,1 . THE GIBBERELLINS

The g ib b e r e l l in s  (GAs) a re  a group o f  d ite rp e n o id  a c id s  

w hich appear to  fu n c t io n  as endogenous re g u la to rs  o f  p la n t  g row th . 

T h is  r o le  i s  g e n e ra lly  accep ted  as GAs have been found in  a wide 

v a r ie ty  o f h ig h e r p la n ts  and because a p p lic a t io n s  o f  s m a ll 

q u a n t i t ie s  o f GAs to  p la n ts  can induce  a wide range o f  p la n t  

g row th  responses. Exogenous GAs can promote stem e lo n g a tio n , 

le a f  en largem ent, f lo w e r in g ,  f r u i t  s e t ,  p a r th e n o c a rp ic  f r u i t  

developm ent and g e rm in a tio n . They can a ls o  break bud dormancy 

and re ta rd  senescence o f  stem a p ice s  and o f  le a ves  (see 

K rishnam oo rthy , 1975 and Letham e t  a l . ,  1978). C om m ercia lly  

GAs a re  sprayed on to  v in e s  to  produce la rg e  b e r r ie s  in  open 

c lu s te r s .  They a re  a ls o  used to  speed th e  m a lt in g  o f  c e re a l 

g ra in s ,  to  im prove f r u i t  s e t and d e lay  senescence o f  c i t r u s  c ro p s , 

to  p ro lo n g  the  h a rv e s t p e r io d  o f  th e  g lobe  a r t ic h o k e  and to  fo rc e  

rhubarb  in  the  absence o f  c o ld  exposure . Commercial uses o f  GAs 

have been review ed by M a rt in  (1983) and by Weaver (1972 ),

D esp ite  th e  w ide range o f  e f fe c ts  th a t  exogenous GAs can 

cause, r e la t i v e ly  l i t t l e  i s  known abou t the  r o le  o f  endogenous 

GAs and t h e i r  mechanism o f  a c t io n .  T h is  is  p r in c ip a l ly  because 

GAs a re  p re s e n t in  t is s u e s  In  v e ry  low  amounts. Shoot and le a f  

t i s s u e  t y p ic a l l y  c o n ta in  o n ly  a few ng pe r g f . w t .  o f  a GA, 

a lth o u g h  le v e ls  in  seeds can be up to  s e v e ra l j jg  pe r g f . w t .

The low  amounts p re s e n t and th e  la rg e  number o f  s t r u c t u r a l l y  

s im i la r  GAs make id e n t i f i c a t io n  d i f f i c u l t ,  and i t  has n o t been 

u n t i l  r e la t i v e ly  re c e n t ly  th a t  s u ita b le  te ch n iq u e s  have been w id e ly  

employed.

         _ 1
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S ix t y - s ix  n a tu r a l ly  o c c u r r in g  GAs have been re p o rte d  ( f ig u r e  

l ) .  Bearder (1980) com prehens ive ly  l i s t e d  th e  spec ies  and the  

t is s u e s  from  which GAs had been is o la te d  a t  th a t  d a te . In fo rm a tio n  

on more re c e n t id e n t i f i c a t io n s  can be found in  C ro z ie r  (1 9 83 ). The 

s y s te m a tic  nom encla ture  o f  th e  GAs i s  based on e n t-g ib b e re lla n e  ( l_ ), 

b u t as th e  sy s te m a tic  nom encla ture  i s  complex th e  GAs are  re p o rte d  

by t h e i r  A numbers, a llo c a te d  in  o rd e r o f  d is c o v e ry .

Two m ajor groups o f  GAs may be d is t in g u is h e d .  C2 Q-GAS 

r e ta in  ca rbon -20 , which can be p re se n t as e i th e r  a -CH^, -CH^OH,

-CHO o r -COGH fu n c t io n  ( f ig u r e  2 ) .  A l l  th e  C~20 a lc o h o l GAs 

is o la te d  have a S - la c to n e  r in g  (_3) ,  b u t t h is  may be an a r t i f a c t  

formed on e x t r a c t io n .  C-2G a ldehyde GAs e x is t  in  an e q u il ib r iu m  

m ix tu re  o f  f re e  a c id  ( ^ )  and & - la c t o l  (_5) in  aqueous s o lu t io n  

(Graebe and Ropers, 1978), The C^g-GAs can be f u r th e r  d iv id e d  

on the  b a s is  o f  th e  number and lo c a t io n  o f  s u b s t itu e n t  h y d ro x y l 

g roups, Cgg-GAs g e n e ra lly  have low  b io lo g ic a l  a c t i v i t y  and appear, 

w ith  the  p o s s ib le  e xce p tio n  o f  th e  C-2G c a rb o x y l GAs, to  be 

in te rm e d ia te s  in  th e  fo rm a tio n  o f  the  second group o f  GAs, namely 

th e  C^g-GAs.

A 19->1G ^ - la c to n e  b r id g e  i s  p re s e n t in  a l l  C^g-GAs (%) 

excep t GA^^, which has a 19->2 ^ - la c to n e .  The re m a in in g  C^g-GAs 

a re  d is t in g u is h e d  on th e  b a s is  o f  d i f f e r e n t  s t r u c tu r a l  m o d if ic a t io n s  

o f  th e  e n t - 2 G -n o rq ib b e re lla n e  s k e le to n . The known s t r u c tu r a l  

m o d if ic a t io n s  com prise : 2 ,3  and 1,1 G epoxide g roups; C-3 and C-12

ke to  g roups; y9-h y d ro x y la t io n  a t  C -1 , C -2, C-3, C -11, C-12 and C-15; 

c < -h y d ro x y la tio n  a t  C -1 , C -2 , C-12, C-13 and C-16; and th e  in t r o 

d u c tio n  o f  1 -2  o r 2 -3  doub le  bonds.

_____________
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A number o f  co n jug a te d  GAs have been is o la te d  (see S chne ide r, 

1983). Most o f these  a re  e i t h e r  A -D -g lu c o s y l e th e rs ,  in  which the  

m o ie ty  i s  a tta c h e d  to  th e  2 ^ - ,  3 ^ - o r 11#-h y d ro x y l g roup , o r  ^ -D -  

g lu c o s y l e s te rs ,  in  which th e  sugar i s  e s te r i f ie d  to  the  C-7 

c a rb o x y l g roup . Besides these  co n ju g a te s  3 -0 -a c e ty l GA^ and 3 -0 - 

a c e ty l GÂ  have been is o la te d  from  G ib b e re lla  f u j i k u r o i  c u ltu r e s ,  

GA^- and GA^-  n -p ro p y l e s te rs  from  Cucumis s a t iv a , GAg-methyl e s te r  

from  Lyqopodium japonicum  and g ib b e re th io n e  (a  s u lp h u r c o n ta in in g  

d e r iv a t iv e )  from  P h a r b it is  n i l .

GAs a re  s y n th e s ise d  from  m eva lon ic  a c id  (MUA) v ia  e n t-  

kaurene (_8). The s y s te m a tic  nom encla ture  o f  ka u re n o id  in te rm e d ia te s  

i s  based on the  e n t-kau rane  s k e le to n . T h is  can le a d  to  co n fu s io n  

s in c e  th e  e n t -  p r e f ix  re v e rs e s  th e  ex.- and P- d e s ig n a tio n s  o f  

s u b s t itu e n ts  a t  c h i r a l  c e n tre s . Thus 7 ^-h yd ro xyka u re n o ic  a c id  

i s  c o r r e c t ly  termed e n t-7cx-hyd roxykau reno ic  a c id ,  a lth o u g h  th e  

h y d ro x y l group a t  0 -7  i s  above th e  p lane  o f  th e  r in g .

1 .2 , THE PEA PLANT

The garden pea ( Pisum sa tivum  L . )  i s  a member o f  th e  fa m ily  

Leguminosae, s u b fa m ily  P a p il io n id a e ,  t r i b e  V ic ia e .  S ix  Pisum 

sp ec ies  a re  reco gn ise d  a lth o u g h  th e y  a re  d i f f e r e n t ia t e d  w ith  

d i f f i c u l t y  and t h e i r  nom encla ture  i s  con fused . P_. sa tivum  

i s  n o t known in  th e  w ild  s ta te  and i t s  o r ig in  i s  und e fine d  (A lle n  

and A lle n ,  1981).

The advantages o f  th e  pea as an e xp e rim e n ta l p la n t  have been 

rev iew ed by Went (1 9 5 7 ), Peas a re  e a s i ly  grown and a re  w id e ly

%
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a v a i la b le .  The pea is  s e l f - f e r t i l i z e d  and i t  i s  easy to  o b ta in  

bo th  in b re d  homozygous s t r a in s  and a range o f  com m ercia l c u l t iv a r s .  

The g e n e tic s  o f  the  pea have been e x te n s iv e ly  s tu d ie d ,  and a wide 

range o f  m utants a re  a v a i la b le  f o r  p h y s io lo g ic a l in v e s t ig a t io n  

(see B l i x t ,  1972). For th e  above reasons peas have been w id e ly  

used as e x p e rim e n ta l p la n ts  and a c o n s id e ra b le  amount o f  in fo rm a tio n  

i s  a v a i la b le  about th e  sp ec ies  (see S u t c l i f f e  and P ate , 1977). T h is  

i s  an a d d it io n a l advantage when c o n s id e r in g  u s in g  the  pea as an 

e x p e rim e n ta l p la n t ,  s in c e  i t  a llo w s  new r e s u l t s  to  be d i r e c t l y  

re la te d  to  p re v io u s  ones in  th e  same sp e c ie s , w ith o u t th e  p o s s ib le  

c o m p lic a tio n s  o f  e f fe c ts  due to  sp ec ies  d if fe re n c e s .  Thus the  

dep th  o f  c u r r e n t ly  a v a i la b le  knowledge makes i t  much e a s ie r  to  

in t e r p r e t  the  p o s s ib le  s ig n if ic a n c e  o f  new r e s u l t s .

The pea was chosen as an e xp e rim e n ta l p la n t  in  the  c u r re n t  

in v e s t ig a t io n  f o r  th e  above reasons , and because i t  has been 

w id e ly  used in  in v e s t ig a t io n s  in t o  th e  b io c h e m is try  and p h y s io lo g y  

o f  GAs ( f o r  exam ple, see S ponsel, 1983; Hedden ^  , 1978; and

Graebe and Ropers, 1978 ). The fo l lo w in g  in t r o d u c t io n  re v ie w s  the  

a v a i la b le  in fo rm a tio n  on GA occurrence  and m etabo lism  in  peas, 

r e fe r r in g  to  r e s u lts  from  o th e r sp ec ies  when p e r t in e n t .  S ubsequently  

th e  p o s s ib le  r o le  o f  GAs in  c o n t r o l l in g  stem e lo n g a tio n  i s  d iscussed , 

p r in c ip a l ly  w ith  re fe re n c e  to  peas a lth o u g h  a ga in  draw ing  on th e  

r e s u l t s  from  o th e r sp e c ie s  when these  a re  re le v a n t .

A range o f  d i f f e r e n t  pea c u l t iv a r s  and l in e s  have been used 

in  p re v io u s  w ork. There i s  ev idence  th a t  the  endogenous GAs o f  

peas a re  in f lu e n c e d  by c e r ta in  g e n e tic  lo c i  (see s e c tio n  1 .5 . 2 . ) .

__________  _  j



TABLE 1 . Genotypes o f  commonly used pea ty p e s , w ith  re fe re n c e  

to  some o f  th e  stem e lo n g a tio n  genes.

Type Phenotype Genotype

A laska T a l l Le Cry (La o r  l a ) ’̂

P rogress N o,9 Dwarf Na le  C ry^ (La o r la )

M eteor Dwarf Na le (C ry and La- one o r bo th  dom inant)

G2 Dwarf Na le ft (I ft 11 11 II 11

G rosser Schnabel 
m it  Gedrücktem Korn

T a l l Na Le II 11 11 11 11 11 11

*  see McComband'McComb (1 970)

The genotypes w ith  re fe re n c e  to  these  lo c i. :  , o f  some o f  the  most 

commonly.used type s  o f  peas, a re  l i s t e d  in  Table  1.

1 .3 .1 .  ENDOGENOUS GIBBERELLINS OF PEAS

The GA c o n te n t o f  p la n ts  may d i f f e r  bo th  between sp ec ies  

(see S ponse l, 1983) and between d i f f e r e n t  genotypes o f  th e  same 

sp e c ie s  (see P h inney, 1984 ). A s in g le  spec ies  may c o n ta in  a 

v a r ie ty  o f  GAs. E a r ly  b ioassay in v e s t ig a t io n s  o f  th e  endogenous 

g ib b e r e l l in s  o f  peas suggested th e  presence o f  GA.̂  - l i k e  and G A g -like  

compounds (see Lang, 1970 ), w h ile  more re c e n t in v e s t ig a t io n s  have 

suggested th e  presence o f  a t  le a s t  6 (R a il to n  and R e id , 1974a).

The GAs th a t  have been c o n c lu s iv e ly  id e n t i f ie d  from  peas a re  

d e ta i le d  in  Table  2 .

The f i r s t  GAs c o n c lu s iv e ly  id e n t i f ie d  in  peas were from  seeds, 

as the  le v e ls  o f  endogenous GAs in  seeds can be much h ig h e r than  those  

found in  o th e r  t is s u e s ,  f o r  example Frydman e t a l .  (1974)
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d e te c te d  ca  ̂ 6^g seed GA^g. L e ve ls  in  v e g e ta t iv e  t is s u e  a re  much 

lo w e r (K irkw ood , 1979; D avies ^  , 1982). The le v e ls  o f  GA^,

GAg, GA^q and GA^g in  stem t is s u e  have re c e n t ly  been e s tim a te d  

by Ingram £ t  (1984 *) to  be s e v e ra l nanograms pe r p la n t .

U n t i l  re c e n t ly  i t  was th o u g h t t h a t ,  d e s p ite  th e  e a r ly  

b ioassay  ev idence , GÂ  was n o t p re s e n t in  peas (see S ponsel, 1980a), 

However, s tu d ie s  by Ingram e_t (1983 ) have p ro v id e d  mass s p e c tro -  

m e tr ic  ev idence f o r  th e  presence o f  GÂ  in  pea s e e d lin g s . The GA^- 

l i k e  peak d e te c te d  in  th e  e a r ly  b ioassay  experim en ts  i s  th o u g h t to  

be caused by GAgg, which has s im i la r  b io lo g ic a l  a c t i v i t y  and 

ch rom a tog raph ic  m o b i l i t y .  P o s s ib le  reasons f o r  th e  f a i lu r e  to  

id e n t i f y  GA..̂  in  e a r l ie r  in v e s t ig a t io n s  have been suggested by 

Ingram e t  (1985 ) .  In  a d d it io n  to  th e  id e n t i f i c a t io n s  l i s t e d  

in  Table  2 K e l le r  and C o u lte r  (1977, 1982) have c la im ed  to  id e n t i f y  

and q u a n t i fy  GA^ and GA.̂  o r GA2 g from  pea e p ic o ty ls .  However, in  

v iew  o f  the  e xp e rim e n ta l p rocedure  employed these  id e n t i f i c a t io n s  

a re  u n l ik e ly  to  be a c c u ra te .

GA in a c t iv a t io n  has been suggested to  occu r v ia  two ro u te s , 

c o n ju g a tio n  and c a ta b o lis m . GA co n ju g a te s  have been d e te c te d  in  a 

range o f  p la n ts  and have been shown to  accum ulate  in  m a tu rin g  seeds 

o f  some spec ies  (see S chn e id e r, 1983). Sponsel (1980a) s ta te s  th a t  

th e  le v e ls  o f  endogenous co n ju g a te s  in  pea seeds appear lo w . However, 

th e re  i s  l i t t l e  p u b lis h e d  ev idence  on th e  s u b je c t

I
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FIGURE 2 (c o n t in u e d ) .  S tru c tu re s

A number o f  GA breakdown p ro d u c ts , such as G A ^ g -c a ta b o lite  

( ^ ) ,  GA2 Q-open la c to n e  ( l □) and G A c ^ -c a ta b o lite  (1J_) have been
51

d e te c te d  in  pea seeds (S p on se l, 1983 ). GA2 g - c a ta b o l i te  i s  

b io lo g ic a l ly  in a c t iv e  and may re p re s e n t p a r t  o f  a d e a c t iv a t io n  

mechanism f o r  GA^g (see S ponse l, 1983).

There i s  ev idence  o f  tem p o ra l and s p a t ia l  changes in  GA 

le v e ls  w ith in  peas. Frydman e t  (1974) q u a n t i f ie d  th e  le v e ls  o f  

G A g , GA^^; GAgg and GA^g d u r in g  th e  developm ent o f  Pisum seeds.

The le v e ls  d e te c te d  may be u n d e r^e s tim a te s  as no in t e r n a l  s tan d a rds  

were added to  q u a n t i fy  lo s s e s  d u r in g  the  e x t r a c t io n  p ro ced u re s . 

L a te r  s tu d ie s  w ith  in t e r n a l  s ta n d a rd s  suggested h ig h e r le v e ls  o f
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GA^g (Sponsel and M a cM illa n , 1978). Each GA reached a maximum 

amount and then  d e c lin e d  as th e  seeds deve loped. I t  was 

found th a t  th e  tim e  a t  which th e  maxima were reached was dependent 

on seed fre s h  w e ig h t ra th e r  than  seed age (Sponsel and M a cM illan , 

1977 ). There i s  a ls o  v a r ia t io n  between seed batches (Sponsel and 

M a cM illa n , 1980). The expe rim en ts  were la t e r  extended to  in c lu d e  

q u a n t i f ic a t io n  o f  G A ^ g -c a ta b o lite  (Sponsel and M a cM illan , 1980). 

Ingram  and Browning (1977) and D u rle y  ^  eü. (1971) a ls o  re p o rte d  

c o n s id e ra b le  q u a n t i ta t iv e  changes, d u r in g  m a tu ra tio n , in  th e  seed 

GAs o f  Pisum sa tivum  and Phaseolus spec ies  re s p e c t iv e ly .

Sponsel (u n p u b lis h e d , c i te d  by M a cM illa n , 1984) has shown 

th a t  GA^q and GA^g a re  lo c a te d  a lm ost e x c lu s iv e ly  in  th e  co ty le d o n s  

o f  pea seeds w h ile  G A g g -c a ta b o lite  i s  lo c a te d  p re d o m in a n tly  in  the  

te s ta .  I t  was shown th a t  th e  co n ve rs io n  o f  GAgg to  GAgg occurs  

in  th e  c o ty le d o n s , w h ile  th a t  o f  GA^g to  G A ^g -c a ta b o lite  occurs 

in  th e  te s ta .  S im i la r ly  in  Phaseolus cocc ineus GÂ  i s  found m a in ly  

in  th e  c o ty le d o n s  o f  m a tu rin g  seeds w h ile  GAg i s  o n ly  found in  the  

te s ta .  A lbone ^  (u n p u b lis h e d , c i te d  by M a cM illa n , 1984) have

shown r e s u l t s  o f  a s im i la r  n a tu re  in  a c u c u r b it ,  "ch o -ch o " (p ro b a b ly  

Sechium e d u le ) .

The r e s u lts  o f  P o tts  e t  a l .  (1982a)and P o tts  and Reid (1983) 

in d ic a te  th a t  d if fe re n c e s  in  th e  c o n te n t o f  endogenous GAs may 

occur between seed and v e g e ta t iv e  t is s u e ,  and between young and 

m ature v e g e ta t iv e  t is s u e .  These d if fe re n c e s  appear to  be q u a l i t a t iv e  

and q u a n t i ta t iv e .  Kaufman e t a l ,  (1976) u s in g  b ioassay techn iques

12



dem ons tra ted d i f fe r e n t  GA le v e ls  in  d i f fe r e n t  p a r ts  o f wheat p la n ts ,  

the  in f lo re s c e n c e  and nodes hav ing  h ig h  le v e ls .  Roo ts had low e r 

le v e ls  o f  GAs (expressed  e i th e r  on a per p la n t  o r a per u n i t  w e igh t 

b a s is ) .  There appeared to  be tem po ra l changes in  th e  p-1 in te rn o d e  

as i t  deve loped. M etzger and Z e eva rt (1980a) id e n t i f ie d  GAs from  

shoo ts  and ro o ts  o f  S p in a c ia  o le ra c e a . The r e s u l t s  suggested th a t  

th e re  may be q u a n t i ta t iv e  and q u a l i t a t iv e  d if fe re n c e s  between the  

GAs o f  ro o ts  and sh o o ts . On th e  b a s is  o f  b ioassay ev idence i t  was 

e s tim a te d  th a t  the  GA p o o l in  th e  ro o ts  was c ^  3 tim e s  le s s  than  

th e  poo l in  th e  shoo ts  (on a pe r u n i t  w e ig h t b a s is ) .  K irkwood 

(1979) f a i le d  to  d e te c t GAs from  ra d ic le s  o f  8 -d a y -o ld  pea s e e d lin g s , 

c v . P rogress N o.9, a lth o u g h  GAs were id e n t i f ie d  from  e p ic o ty ls .

Sebanek ejk (1978) c la im ed  to  show G A -lik e  a c t i v i t y  in  crude 

e x tr a c ts  o f  pea ro o ts  from  3- and 6 -d a y -o ld  s e e d lin g s . However, 

th e  s m a ll amounts o f  t is s u e  e x tra c te d  and methods employed make 

th e  r e s u l ts  o f  q u e s tio n a b le  v a lu e ,

1 .3 .2 .  GA BIOSYNTHETIC SITES AND GA TRANSLOCATION

The evidence re g a rd in g  s i t e s  o f  GA b io s y n th e s is  has been 

rev iew ed by Graebe and Ropers (1978) and by S to d d a rt (1 9 8 3 ). There 

i s  s tro n g  evidence  th a t  GA b io s y n th e s is  occurs  in  pea seeds. The 

ev idence  i s  ( i )  th e  occurrence  o f  GAs in  pea seeds, ( i i )  th e  

d em on s tra tion  o f  GA b io s y n th e s is  in  pea seed c e l l - f r e e  system s and 

( i i i )  th e  re d u c t io n  in  endogenous G A -lik e  substances in  pea seeds 

caused by AMO-1618 (B a ldev e t  a l . , 1965), A l l  s tages o f  GA 

b io s y n th e s is  from  MUA to  C^g-GAs have been dem onstra ted in  c e l l  

f r e e  systems from  pea seeds (Coolbaugh and Moore, 1971a; Ropers e t  a l . ,

13
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1978; Kamiya and Graebe, 1983), Coobaugh and Moore (1971a ), us ing  

c e l l - f r e e  system s, found th a t  th e  c a p a c ity  f o r  e n t - kaurene b io s y n 

th e s is  was lo c a te d  m a in ly  in  th e  c o ty le d o n s  ra th e r  than  in  th e  

embryo o r seed c o a t.

The r e s u lts  in d ic a t in g  th a t  GA b io s y n th e s is  occurs  in  pea 

seeds a re  c o n s is te n t  w ith  da ta  o b ta in e d  from  o th e r sp e c ie s . GÂ  

has been id e n t i f ie d  in  suspensors o f  Phaseolus cocc ineus (A lp i 

^  a_l. ,  1979) and a l l  th e  main b io s y n th e t ic  s tages from  MUA to  GAg 

have been dem onstra ted in  c e l l - f r e e  system s o f  t h i s  t is s u e  (C e c c a re l l i  

e t  ^ . , 1979, 1981a, 1981b). S yn th e s is  o f  GAs from  MUA has a ls o  

been dem onstra ted in  endosperm ic c e l l - f r e e  system s from  Marah 

macrocarpus and from  C u c u rb ita  maxima (see Hodden, 1983 and 

Coolbaugh, 1983). There i s  a ls o  s tro n g  c ir c u m s ta n t ia l evidence 

im p l ic a t in g  th e  embryo o f  b a r le y  g ra in s  as a s i t e  o f  GA s y n th e s is  

(see Graebe and Ropers, 1978).

S u p p o s itio n s  about the  s i t e s  o f  s y n th e s is  o f  GAs in  th e  

v e g e ta t iv e  t is s u e s  o f  peas a re  la r g e ly  s p e c u la t iv e .  I t  i s  p o s s ib le  

th a t  th e  GAs o f  young s e e d lin g s  co u ld  be to  some degree d e r iv e d  

from  th e  seed. In  peas th e  le v e ls  o f  GAs in  m ature seeds a re  low 

(Frydman e t  a l . ,  1974 ). However, the  f i r s t  in te rn o d e  o f

nana peas (w h ich  appear to  be a b le  to  s y n th e s is e  GAs in  th e  seed 

b u t n o t in  th e  sh o o t, see s e c tio n  1 .5 .1 . )  e lo n g a te s  to  a g re a te r  

e x te n t than  the  la t e r  in te rn o d e s , w hich may in d ic a te  th a t  seed 

d e r iv e d  GAs s t im u la te  e a r ly  shoo t deve lopm ent. Sponsel (1980a) 

d iscussed  th e  p o s s ib le  r o le ,  d u r in g  g e rm in a tio n  and s e e d lin g  g row th , 

o f  GAs d e r iv e d  d u r in g  seed m a tu ra t io n . Use o f  a grow th re ta rd a n t.
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known to  i n h i b i t  GA b io s y n th e s is  in  G ib b e re lla  fu . j ik u r o i  and Marah 

m acrocarpus d id  n o t a f f e c t  g e rm in a tio n , b u t d id  i n h ib i t  g row th  o f  

5 -6  d a y -o ld  s e e d lin g s , su g g e s tin g  to  Sponsel th a t  de novo s y n th e s is  

i s  o c c u r r in g  a t  t h i s  s ta g e .

The p o s s ib le  s i te s  o f  GA b io s y n th e s is  in  H e lia n th u s  s e e d lin g s  

were s tu d ie d  by Tones and P h i l l i p s  (1966) u s in g  an agar d i f fu s io n  

te c h n iq u e . They concluded th a t  th e  young le a ves  o f  th e  a p ic a l bud 

were a m a jo r source o f  GA. Root t ip s  were a ls o  th o u g h t to  be a b le  

to  s y n th e s is e  GAs. O ther ev idence f re q u e n t ly  c i te d  as s u p p o rtin g  

th e  h y p o th e s is  th a t  ro o ts  a re  b io s y n th e t ic  organs i s  th e  d e te c t io n  

o f  G A -lik e  substances in  th e  exudates from  the  s to c k  o f  e xc ise d  

shoo ts  (see Graebe and Ropers, 1978).

In v e s t ig a t io n s  in to  th e  sources o f  GAs in  pea s e e d lin g s  

have g e n e ra lly  in v o lv e d  e x c is in g  an organ o r t is s u e  and in v e s t ig a t in g  

w hether exogenous GA co u ld  re s to re  g row th . Such r e s u l t s  a re  d i f f i c u l t  

to  in t e r p r e t  as e x c is io n  o f  t is s u e s  may cause a v a r ie ty  o f  changes. 

L o ckh a rt (19 57) found th a t  the  re d u c t io n  in  stem h e ig h t  caused by 

e x c is in g  a p ice s  co u ld  be p a r t i a l l y  co u n te ra c te d  by GA^, and concluded 

th a t  th e  apex was a source o f  GA. However, K u ra is h i and M u ir (1964) 

found  th a t  exogenous GA^ would n o t c o u n te ra c t th e  e f fe c ts  o f  a p ic a l 

e x c is io n .  S h in in g e r (1972) showed th a t  GA co u ld  p a r t ly  re p la c e  

e xc ise d  c o ty le d o n s , and concluded th a t  these  were a source  o f  

GAs in  pea s e e d lin g s . However, AMO-1618 in h ib i te d  g row th  o f  s e e d lin g s  

w ith  e xc ise d  c o ty le d o n s , s u g g e s tin g  th a t  GA b io s y n th e s is  was a ls o  

o c c u r r in g  in  th e  s e e d lin g . C onve rse ly , L o ckh a rt (1957) and Moore
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(1 9 6 7 ), a ls o  u s in g  e x c is io n  e xp e rim e n ts , concluded th a t  GA was 

u n l ik e ly  to  be s u p p lie d  to  young shoo ts  from  th e  c o ty le d o n s .

GA b io s y n th e s is  from  MUA has n o t been dem onstra ted in  c e l l -  

f r e e  system s from  v e g e ta t iv e  t is s u e s  o f  any s p e c ie s , a lth o u g h  

e n t -kaurene  b io s y n th e s is  has been shown to  occur in  a number o f 

pea t is s u e s  (C oolbaugh, 1982 ). The c o n ve rs io n  o f  C -20-m ethyl to  

Ĉ  g-GAs has been dem onstra ted in  in t a c t  p la n ts  by D u rle y  ^  a l . 

(1974a, 1974b) and by G ianfagna ejb (1 9 8 3 ). E n t-kaurene  

b io s y n th e s is  has n o t been dem onstra ted  in  pea ro o ts  (C oolbaugh,

1 982 ), However, F roneberg  (u n p u b lis h e d , c i te d  by Graebe, 1982) 

has observed the  co n v e rs io n  o f  e n t - kaurene to  e n t-7oc-hydroxy- 

k a u re n o ic  a c id ,  and o f  GA^^ a ldehyde  to  GA^^» 1 2 o<-.hydroxy — GA^^

a ldehyde and 12^-hydroxy-G A ^ 2  a ldehyde in  a c e l l - f r e e  system  from  

C u c u rb ita  maxima ro o ts .

A f te r  re v ie w in g  th e  l i t e r a t u r e  on GA b io s y n th e s is  in  

v e g e ta t iv e  t is s u e s  Graebe and Ropers (1978) concluded th a t  a lth o u g h  

the  ev idence was weak i t  was l i k e l y  th a t  GAs were b io s y n th e s is e d  in  

shoo t and ro o t  t ip s  and young le a v e s , a lth o u g h  the y  d id  n o t exc lude  

o th e r  t is s u e s  as h av ing  some GA b io s y n th e s is in g  a b i l i t y .  S to d d a rt 

(1983) a r r iv e d  a t  s im i la r  c o n c lu s io n s .

There i s  ev idence  th a t  GAs a re  t ra n s lo c a te d  in  p la n ts .  T h is  

ev idence  comes from : ( i )  the  d e te c t io n  o f  G A -lik e  substances in

xylem and phloem sap (see Graebe and Ropers, 1978), and ( i i )  the  

movement o f  a p p lie d  la b e l from  ra d io a c t iv e  feeds (e .g .  Zweig e t  a l . , 

1951; Nash and C ro z ie r ,  1 975 ). However, th e  q u a n t i t ie s ,  d ir e c t io n s  

and type s  o f  GAs t ra n s lo c a te d  i j i  v iv o  a re  no t known.

In  peas McComb (1964) dem onstra ted , u s in g  a u to ra d io g ra p h y ,
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th a t  was t ra n s lo c a te d  from  ["^^CJGA^ t re a te d  le a ves  m a in ly

to  young leaves  and in te rn o d e s . By a p p ly in g  GA^ a t  d i f f e r e n t

nodes, and t im in g  th e  p e r io d  u n t i l  stem e lo n g a tio n  in c re a s e d , he

-1e s tim a te d  th e  ra te  o f  movement o f  GA^ a long  the  stem a t  5cm h r  

G ra f t in g  s tu d ie s  have suggested th e  i j i  v iv o  t ra n s lo c a t io n  o f  GAs 

in  peas (R e id  ^  , 1983) and maize (K atsum i e t  a l . ,  1983).

Jones and Lang (1968) found th a t  th e  G A ^ -lik e  component o f  pea 

a p ice s  would d i f fu s e  in to  a g a r, b u t th a t  th e  G A ^ -lik e  component 

would n o t ,  su g g e s tin g  th a t  o n ly  some o f  th e  endogenous GAs are  

m o b ile .

1 .3 .3 .  SUB-CELLULAR LOCALISATION OF GAs

There i s  some ev idence  to  suggest th a t  th e re  i s  d i f f e r e n t ia l  

s u b - c e l lu la r  com partm en ta tion  o f  GAs and p o s s ib ly  d i f f e r e n t i a l  

s u b - c e l lu la r  m etabo lism . S eve ra l re v ie w s  have covered th e  s u b je c t ,  

in c lu d in g  Redden e t  a l .  (1978J, Rappaport and Adams (1 9 7 8 ), Graebe 

and Ropers (1978) and C ro z ie r  (1 9 8 1 ). The endoplasm ic re t ic u lu m , 

m ito c h o n d ria , p la s t id s  and vacuo les  a re  a l l  p o te n t ia l  s i t e s  o f  

lo c a l is a t io n .  Evidence from  c e l l - f r e e  systems (see Redden, 1983) 

suggests  th a t  th e  s e r ie s  o f  b io s y n th e t ic  s tages from  e n t - kaurene 

to  o x id a t io n  o f  GA^g a ldehyde a re  lo c a te d  in  th e  endoplasm ic 

re t ic u lu m . H i l to n  and Sm ith (1980) found no G A -lik e  a c t i v i t y  from  

p u r i f ie d  m ito c h o n d r ia l f r a c t io n s ,  and Simcox e t  (1975) concluded 

th a t  l i t t l e  o r  no e n t-kaurene  syn th e ta se  was p re se n t in  m ito c h o n d ria . 

Thus th e re  i s  no evidence  a t  th e  moment f o r  a d i r e c t  r o le  o f  m ito 

ch o n d ria  in  GA m etabo lism .
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There have been a number o f  re p o r ts  o f  G A -lik e  substances 

be ing  is o la te d  from  p la s t id s  (Cooke and Saunders, 1975; Cooke e t  a l . , 

1975; Cooke and K e n d ric k , 1976; Evans and S m ith , 1976; H i l to n  and 

S m ith , 1980 ). However, th e  o n ly  c o n c lu s iv e  id e n t i f i c a t io n  o f  GAs 

from  p la s t id s ,  re p o r te d  by Browning and Saunders (1977) has n o t 

been re p e a ta b le  (Saunders, u n p u b lish e d , c i te d  by Sembdner e t  a l . , 

1980 ). L i t t l e  work seems to  have been re p o rte d  on th e  id e n t i f i c a t io n  

o f  endogenous GAs from  va cu o le s , and evidence f o r  t h e i r  r o le  has 

come from  t r a c e r  e xpe rim en ts .

I t  has been suggested in  a number o f  re p o r ts  th a t  GA re le a s e  

from  e t io p la s ts  may be a phytochrom e m ediated response , promoted 

by red  l i g h t .  However t h i s  h yp o th e s is  must be regarded  as te n ta t iv e  

as ( i )  i t  has n o t been dem onstra ted th a t  phytochrom e i s  d e f in i t e ly  

a s s o c ia te d  w ith  e t io p la s ts  in  v iv o  ( H i l to n  and S m ith ,1980) and

( i i )  many o f  th e  r e s u l t s  show a ve ry  sm a ll d if fe re n c e  in  G A -le ve ls  

a f t e r  red  l i g h t  t re a tm e n t, Graebe and Ropers (1978) and S to d d a rt 

(1983) have que s tio ne d  th e  s ig n if ic a n c e  o f  some o f  th e  d if fe re n c e s  

d e te c te d .

Hedden e t  a l .  (1978) have rev iew ed th e  ev idence  th a t  suggests 

t h a t  p la s t id s  a re  capab le  o f  th e  e a r ly  stages o f  GA b io s y n th e s is .

The o n ly  s tu d ie s  o f  GA m etabo lism  by c h lo ro p la s ts  have been re p o r te d  

by R a ilto n  and co -w o rke rs  (R a il to n ,  1977a,b ; R a ilto n  and Rechav,

1979; R a ilto n  and R e id , 1974b). These re s u lts  a re  in c o n c lu s iv e  

as th e  c h lo ro p la s t  p re p a ra tio n s  used a re  l i k e l y  to  have been im pure 

and th e  s e p a ra tio n  and id e n t i f i c a t io n  o f  p ro d u c ts  was u s u a lly  

in a de q ua te .
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Evidence f o r  a p o s s ib le  r o le  o f  vacuo les in  GA m etabo lism  

has come from  m etabo lism  s tu d ie s  w ith  [^H]GA^ in  b a r le y  ( Hordeum 

v u lq a re ) and cowpea ( Uiqna s in e n s is ) (see G a rc ia -M a rtin e z  e t  a l , ,  

1981; K e ith  _et a l . , 1982; O hlrogge e t  , 1980). Rappaport and 

Adams (1978) suggested th a t  d i f f e r e n t  p a tte rn s  o f  GA m etabolism  

co u ld  occur a t  d i f f e r e n t  s i t e s  w ith in  th e  c e l l ,  c i t i n g  th e  r e s u l t s  

o f  Hartmann ^  (1977) as ev id en ce . Hartmann e t  showed

th a t  a lk y la t io n  o f  th e  t r i t e r p e n e ,  c y c lo a r te n o l, i s  m ediated by 

a m icrosom al enzyme, whereas g lu c o s y la t io n  i s  m ediated by a 

p lasm alem m a-associa ted enzyme.
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1 .4 . BIOSYNTHESIS OF GIBBERELLINS

I t  i s  c o n ve n ie n t to  d is c u s s  the  pathway o f  GA b io s y n th e s is  

in  th re e  s ta g e s : ( I ) th e  fo rm a tio n  o f  e n t-ka u re ne , ( I I ) the  conve r

s io n  o f  e n t-kaurene  to  GA^ 2  a ldehyde , and ( I I I )  th e  co n ve rs io n  o f 

GA^ 2  a ldehyde to  GAs (Graebe e t  a l . ,  1980). The pathway has 

been rev iew ed in  C ro z ie r  (1 9 8 3 ), by Hedden e t  a l .  (1978) and by 

Graebe and Ropers (1 9 7 8 ). M e ta b o lic  s tu d ie s  in  G ib b e re lla  

f u j i k u r o i  have p ro v id e d  th e  background f o r  h ig h e r p la n t  s tu d ie s  

and have been com prehens ive ly  rev iew ed  by Bearder (1 9 83 ). In  

h ig h e r p la n ts  th e  pathway to  GA^g a ldehyde has been s tu d ie d  a lm ost 

e x c lu s iv e ly  in  c e l l - f r e e  system s. The main system s have been 

prepared  from  Marah m acrocarpus (p re v io u s ly  id e n t i f ie d  as 

E c h in o c y s tis  m acrocarpus) ,  C u c u rb ita  maxima (p re v io u s ly  id e n t i f ie d  

as C u c u rb ita  pepo) and Pisum s a tiv u m , a lth o u g h  o th e r  sp ec ies  have 

a ls o  been used. Coolbaugh (1983) and Hedden (1983) have re c e n t ly  

rev iew ed th e  e a r ly  s tages  o f  GA b io s y n th e s is .  The a v a i la b le  

evidence  suggests  th a t  GAs in  a l l  sp ec ies  a re  syn th e s ise d  by a 

common path  as f a r  as GA^^ a ldehyde . The pathways subsequent to  

GA^ 2  a ldehyde depend on th e  t is s u e  be ing  s tu d ie d . The o u t l in e  o f 

b io s y n th e s is  g ive n  here r e fe r s  m a in ly  to  Pisum s a tiv u m , a lth o u g h  

comments re g a rd in g  o th e r  sp e c ie s  a re  made where p e r t in e n t .  C ro z ie r 

(1983) shou ld  be c o n s u lte d  f o r  a b roade r coverage.

1 .4 .1 .  ( I )  THE FORMATION OF ENT-KAURENE

T h is  p a r t  o f  th e  pathway i s  c a ta ly s e d  by s o lu b le  enzymes and 

i s  d e ta ile d  in  f ig u r e  3 . The c o n ve rs io n  o f  MUA to  e n t - kaurene in  

peas has been re p o r te d  f re q u e n t ly  (e .g .  Anderson and Moore, 1967;
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:

G raebe, 1968; Ecklund and Moore, 1974). S yn th e s is  has been 

dem onstra ted in  young f r u i t s  (Graebe, 1968), in  seeds (E ck lund  

and Moore, 1974; Coolbaugh and Moore, 1971a), in  shoo t t ip s  

(Coolbaugh e t  a l . , 1973; Ecklund and Moore, 1974) and in  leaves  

and in te rn o d e s  (Coolbaugh, 1982). F a rn e sy l pyrophosphate  (FPP) 

and g e ra n y lg e ra n y l pyrophosphate  (GGPP) have been co n firm e d  as 

in te rm e d ia te s  by Moore and Coolbaugh (1 9 76 ). Shoot t i p  systems 

have been found to  sy n th e s is e  a p p ro x im a te ly  ISO tim e s  le s s  e n t-  

kaurene than  seed systems (Coolbaugh e t  a l . , 1973 ). A ro o t  t i p  

system was a lm ost in a c t iv e  (Coolbaugh, 1982 ), The s y n th e s is in g  

a b i l i t y  o f  seeds seems to  be lo c a te d  m a in ly  in  th e  co ty le d o n s  

(Coolbaugh and Moore, 1971a).

C y c lis a t io n  o f  GGPP to  e n t - kaurene i s  c a ta ly s e d  by e n t-  

kaurene syn th e ta s e . The re a c t io n  proceeds in  two s ta g e s , e n t-  

kaurene syn th e tase  A c a ta ly s in g  th e  co n ve rs io n  o f  GGPP to  c o p a ly l 

pyrophosphate  (CPP), and e n t - kaurene syn th e tase  B th a t  o f  CPP to  

e n t - kaurene . The c y c l is a t io n  o f  GGPP to  e n t - kaurene i s  an 

im p o rta n t s tage  in  th e  b io s y n th e t ic  pathway as i t  commits the  

m o lecu le  to  b io s y n th e s is  o f  e i th e r  GAs o r  a number o f  o th e r c la sse s  

o f  p o ly c y c l ic  d ite rp e n o id  m e ta b o lite s  o f  more l im i te d  d is t r ib u t io n .

I t  i s  th e re fo re /p o s s ib le  stage  f o r  th e  c o n t r o l  o f  GA b io s y n th e s is .

West e t  a l .  (1982) have rev iew ed th e  evidence  su g g e s tin g  a c o n t ro l 

mechanism a t  t h is  s ta g e . A nother p o s s ib le  mechanism c o n t r o l l in g  

GA b io s y n th e s is  was suggested by Rappaport and Adams (1 9 78 ).

They p o in te d  o u t th a t  in  v i t r o  Marah m acrocarpus systems 

d i f f e r e n t  c o n c e n tra tio n s  o f  d i f f e r e n t  io n s  a re  necessary f o r  d i f f e r e n t  

b io s y n th e t ic  s tag e s , and th a t  io n  f lu x  co u ld  p ro v id e  a c o n t ro l
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mechan ism.

A number o f  in h ib i t o r s  o f  GA b io s y n th e s is  a re  known (see 

Sembdner e;t , 1980 ). I t  i s  known th a t  2 - c h lo r o e th y lt r im e th y l -  

ammonium c h lo rid e ,(C C C ) and 2 - is o p ro p y l-4 - ( tr im e th y la m m o n iu m  c h lo r id e ) -5 ~  

m e thy lph e ny l p ip e r id in e - 1  -  c a rb o x y la te , (AMO-1618) i n h ib i t  e n t-kaurene  

s y n th e s is  (see Graebe and Ropers, 1978). In  c e l l - f r e e  systems from  

peas CGC is  much le s s  e f f e c t iv e  than  AMO-1618 in  in h ib i t i n g  the  

in c o rp o ra t io n  o f  MUA in to  e n t-kaurene  (Anderson and Moore, 1967).

COG a ls o  appears le s s  e f fe c t iv e  in  in h ib i t i n g  pea stem e lo n g a tio n  

(G h o in sk i and Moore, 1980). I t  i s  c le a r  th a t  AMD-1618 a ls o  a f fe c ts  

a range o f  o th e r  c e l lu la r  p rocesses in c lu d in g  th e  in c o rp o ra t io n  o f  

MUA in to  s te r o ls  (D ouglas and P a leg , 1972; Douglas e;t , 1981),

Phos^ on D, which i s  s im i la r  s t r u c t u r a l l y  to  AMO-1618, uncouples 

p h o to s y n th e t ic  e le c tro n  t ra n s p o r t  from  ATP s y n th e s is  (Lendzian  e t 

a l . ,  1978). There a re  a ls o  re p o r ts  o f  AMO-1618 and GGG causing  

in c re a s e s  in  endogenous GA le v e ls  (e .g .  Reid and C ro z ie r ,  1970a,b ;

Halevy and S h i lo ,  1970), The r e s u l t s  o f  expe rim en ts  in  which 

AMO-1618 and GGG are  used to  reduce GA b io s y n th e s is  th e re fo re  

need to  be in te r p r e te d  w ith  some c a u t io n .

There i s  some ev idence th a t  p la s t id s  have th e  a b i l i t y  to  

c a ta ly s e  a number o f  th e  s tages o f  e n t-kaurene  b io s y n th e s is  (see 

Hedden e t a l . ,  1978). Evidence f o r  th e  lo c a l is a t io n  o f  th e  GGP 

to  e n t - kaurene s tage  in  p la s t id s  o f  peas has been p resen ted  by 

Simcox e t a l .  (1 9 75 ). Evidence i s  a ls o  p resen ted  by Moore and 

Coolbaugh (1 9 76 ), b u t t h i s  i s  based on ve ry  low  coun ts  and is  

u n co n v in c in g .
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There have been s e v e ra l a tte m p ts  to  r e la te  deve lopm en ta l 

phenomena in  peas to  d i f fe re n c e s  in  the  a b i l i t y  o f  c e l l - f r e e  

system s to  sy n th e s is e  e n t -k a u re n e . However, e q u a tin g  the  e n t-  

kaurene s y n th e s is in g  a b i l i t y  o f  c e l l - f r e e  system s w ith  th e  

s y n th e t ic  a b i l i t y  o f  th e  in t a c t  t is s u e  re q u ire s  c a u tio n  as 

hom ogen isa tion  breaks down in t e r -  and in t r a - c e l lu la r  compartm enta

t io n .  T h is  le a ds  to  unusua l m ix in g  o f  enzymes, c o fa c to rs  and 

in h ib i t o r s  w hich may a l t e r  the  e n t-kaurene  s y n th e s is in g  c a p a c ity .

Coolbaugh and Moore (1969) fo llo w e d  th e  e n t-kaurene  

s y n th e s is in g  c a p a c ity  o f  peas d u r in g  seed developm ent. S y n th e tic  

a b i l i t y  was maximal a t  abou t half-m axim um  fre s h  w e ig h t and then  

d e c lin e d , Graebe (1980) re p o r te d  s im i la r  r e s u l t s .  Ecklund and 

Moore (1974) s tu d ie d  th e  developm ent o f  e n t-kaurene  s y n th e s is in g  

a b i l i t y  in  shoo t t ip s  o f  c v . A la ska . S yn th e s is  was f i r s t  d e te c te d  

in  3 -d a y -o ld  s e e d lin g s  and by day 9 had in c re a se d  to  a maximum 

le v e l  which was su s ta in e d  u n t i l  day 24.

Ecklund and Moore (1974) a ls o  re p o r te d  th a t  shoo t t ip s  from  

th e  t a l l  c u l t i v a r  A laska  co u ld  s y n th e s is e  more e n t - kaurene than 

shoo t t ip s  from  the  d w a rf c u l t i v a r  P rogress N o .9, S yn th e s is  was le s s  

in  c e l l - f r e e  systems from  dark-g row n t is s u e  o f  bo th  s p e c ie s , and 

in c re a se d  when dark-g row n p la n ts  were t ra n s fe r re d  to  th e  l i g h t .  

However, experim en ts  w ith  la te  f lo w e r in g  c u l t iv a r s  y ie ld e d  

in c o n c lu s iv e  r e s u l t s .

A lthough most o f  the  in v e s t ig a t io n s  in to  th e  co n ve rs io n  o f  

MUA in to  e n t - kaurene have been done us in g  c e l l - f r e e  systems th e re  

a re  a ls o  a few re p o r ts  o f  th e  c o n ve rs io n  be ing  observed in  in t a c t  

p la n ts  (See Graebe and Ropers, 1978, and Hedden e t  a l . ,  1978).
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1 .4 ,2 .  ( I I )  ENT-KAURENE TO ALDEHYDE

The in te rm e d ia te s  between e n t -kaurene  and GA^^ a ldehyde 

a re  shown in  f ig u r e  3 . The pathway has been co n firm e d  in  

Marah m acrocarpus, C u c u rb ita  maxima, Pisum sa tiv u m , Phaseolus 

cocc ineus  and G ib b e re lla  f u . j i k u r o i . The enzymes c a ta ly s in g  the  

pathway seem to  be m icrosom al mixed fu n c t io n  o x id a se s , re q u ir in g  

m o le c u la r oxygen and reduced p y r id in e  n u c le o t id e s . These s tages 

o f  th e  GA b io s y n th e t ic  pathway have been rev iew ed by Hedden (1983 ).

Coolbaugh and Moore (1971b) id e n t i f ie d  [*^*^C] e n t-k a u re n o l 

and o b ta in e d  te n ta t iv e  id e n t i f i c a t io n s  o f  [^^C ] e n t-k a u re n a l and 

[^^C ] e n t-k a u re n o ic  a c id ,  o r ig in a t in g  from  MUA fed  to

c o ty le d o n  p re p a ra tio n s  from  Pisum s a tiv u m , cv . A laska . Ropers 

e t  (1978) id e n t i f ie d  s im i la r  r a d io la b e lle d  p ro d u c ts , a long

w ith  ^ C ] - la b e lle d  ent-7oC -hydroxykaureno ic a c id  and GA^^ a ldehyde

fo l lo w in g  th e  in c u b a tio n  o f  [^^C ] e n t-kaurene  w ith  a p re p a ra tio n  

from  imm ature seeds o f  th e  c u l t i v a r  "G rosse r Schnabel m it  Gedrücktem 

K o rn " . The wide d is t r ib u t io n  o f  e n t - kau ren o id  compounds as secondary 

p la n t  p ro d u c ts  in d ic a te s  th a t  th e  pathway as f a r  as e n t - 7<^-hvdroxv- 

ka u re n o ic  a c id  i s  n o t e x c lu s iv e  to  GA b io s y n th e s is .  Two main groups 

o f  m e ta b o lite s , th e  k a ü re n o lid e s  and th e  o x id a t io n  p ro d u c ts  o f  e n t-  

6 * ,7 o ^h yd ro xyka u re n o ic  a c id ,  have been found to g e th e r  w ith  GAs in  

seeds o f  h ig h e r p la n ts .  T h e ir  fo rm a tio n  appears to  be c lo s e ly  

re la te d  to  GA b io s y n th e s is  (see Graebe ^  a l , ,  1980, and Hedden, 1983) 

N e ith e r group has been re p o r te d  as m e ta b o lite s  in  c e l l - f r e e  systems 

from  peas.
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1 .4 .3 .  ( I l l )  FURTHER METABOLISM OF [^H]GA^^ ALDEHYDE

The pathway from  GÂ  ^ a ldehyde to  g-GAs has been dem ons tra ted 

in  G_. fu . j ik u r o i  and in  c e l l - f r e e  system s from  maxima and £_. sa tivum  

The co n v e rs io n  o f  e n t - kaurene to  g-GAs has a ls o  been observed in  a 

c e l l - f r e e  system  from  P. co cc in eu s  suspensors (C e c c a re l l i  e t  a l . , 

1 9 8 1 a ,b ). The in  v iv o  co n v e rs io n  o f  exogenous G-20-methyl GAs to  

C^g-GAs has been re p o r te d  in  two s p e c ie s . D u rle y  e t  (1974a ,b ) 

observed co n ve rs io n  o f  [^H]GA^^ to  GÂ  in  s a tiv u m , w h ile  

G ianfagna e t  (1983) observed co n v e rs io n  o f  [^H jC A^^ to  [^HJGA^q 

in  Spinacea o le ra c e a .

In  bo th  C_. maxima and £ .  s a tiv u m , th e  o n ly  two system s from  

w hich da ta  a re  a v a i la b le ,  th e  C-20 carbon atom seems to  be lo s t  

from  th e  C -20-aldehyde GA (Graebe e t  a l ,  1980; Kamiya and Graebe,

1 983 ), w ith  o x id a t io n  to  th e  a c id  re p re s e n t in g  a s id e  b ranch .

In  bo th  these  systems th e  open r in g  form  o f  th e  C -2 0 -a lco ho l GAs 

seems to  be th e  s u b s tra te  f o r  o x id a t io n  to  th e  C -20-a ldehyde. The 

co rre sp o n d in g  S - la c to n e  C -2 0 -a lco h o ls  a re  n o t f u r th e r  o x id is e d .

I t  i s  n o t c le a r  a t  which s tage  th e  C-20 carbon atom i s  lo s t  from  

G_. f u . j i k u r o i  (see B ea rde r, 1983 ).

The id e n t i f i c a t io n  o f  tw e n ty  s ix  Cgg-GAs showing ten  d i f f e r e n t  

h y d ro x y la t io n  p a t te rn s ,  and th e  la rg e  number o f  s t r u c t u r a l l y  

d i f f e r e n t  C^g-GAs suggest th a t  th e re  may be s e v e ra l pathways from  

GA^ 2  a ldehyde to  C^g-GAs. M icrosom al enzymes appear to  be in v o lv e d  

in  the  i n i t i a l  o x id a t io n  o f  GA^g a ldehyde , b u t la t e r  re a c tio n s  

appear to  be c a ta ly s e d  by s o lu b le  enzymes (see Hedden, 1983 ),

Two p a r a l le l  p a ths  from  GA^g a ldehyde to  C^g-GAs, a non-

2 6

___



h y d ro x y la te d  pa th  and an e a r ly  13 -h y d ro x y la te d  pa th  ( f ig u r e  4 ) ,  

have been dem onstra ted in  a c e l l - f r e e  system from  the  c u l t iv a r  

"G rosse r Schnabel m it  Gedrücktem Korn" (Kamiya and Graebe, 1983).

These pa ths  a re  c o n s is te n t  w ith  th e  GAs known to  be endogenous in  

peas (T ab le  2 ) .  Pea m icrosom al enzymes a re  a b le  to  o x id is e  GA^^ 

and GA^ 2  a ldehyde a t  C-7 and a t  C-13 (Ropers £ t  a l . ,  1978; Kamiya 

and Graebe, 1983). I t  i s  n o t known w hether GA^^ o r GA^^ a ldehyde 

i s  th e  endogenous s u b s tra te  f o r  13 -h y d ro x y la t io n .  In  v i t r o  GA^^ 

seems to  be p re fe r re d  (Kamiya and Graebe, 1983 ), b u t low amounts 

o f  GAg^ a ldehyde have been id e n t i f ie d  as a p ro d u c t from  GA^^ 

a ldehyde (M a cM illa n , 1978).

M icrosom al o x id a t io n  o f  GA^^ a ldehyde has a ls o  been s tu d ie d
fo rm e r,G A .^  was

in  c e l l - f r e e  systems from  M_. m acrocarpus and from  Ç_. maxima. In  th e  j  

t e n ta t iv e ly  id e n t i f ie d  as a p ro d u c t from  e n t-k a u re n o ic  a c id  

(W est, 1973). Ç. maxima microsomes a re  a b le  to  o x id is e  GA^^ 

a ldehyde a t  C-7 and C-12, and GA^ 2  o t  C-13. 13-hydroxy GAs are  

n o t known to  be endogenous to  C_. maxima (see Hedden, 1983), In  

£ .  f u . j ik u r o i  GA^ 2  a ldehyde i s  p re fe r re d  to  GA^ 2  f o r  3p-h y d ro x y la t io n  

(see Hedden, 1983).

S o lu b le  enzymes in  th e  pea a re  a b le  to  m e ta b o lise  GA^ 2  

a ldehyde , b u t the  p ro d u c t i s  GA^ 2  a ldehyde g lu c o s y l e s te r .  T h is  

compound has n o t been re p o r te d  endogenously so th e  s ig n if ic a n c e  

o f  t h i s  co n ve rs io n  i s  unknown (Kamiya and Graebe, 1983 ). GA^g 

i s  m e tab o lise d  by th e  s o lu b le  enzymes to  GAg and GA^^, bo th  o f  

w hich a re  found endogenously in  peas. The s o lu b le  enzymes a re  a ls o  

a b le  to  o x id is e  GA^^ to  GA2 Q and GAgg, b u t they  have n o t been 

dem onstra ted to  be a b le  to  13 -h y d ro x y la te  GAs. The m icrosom al
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FIGURE 4. GA metabolic pathways in  Pisum sativum.
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+ GA known to  be endogenous to  Pisum

(+) the lactone (GA^^) is  present in  p lan t ex tra c ts .

{Adapted from Sponsel, 1983)
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1 3 -h yd ro xy la se  is  a c t iv e  on a range o f  GAs, b u t GA^^ was converted  

w ith  h ig h e s t  e f f ic ie n c y ,  su gg e s ting  th a t  i t  may be th e  normal jjn  v iv o  

s u b s tra te  (Kamiya and Graebe, 1983).

The s o lu b le  enzymes o f  1C. maxima a re  a b le  to  o x id is e  GA^ 2  

aldehyde to  GA^^, b u t show le s s  s u b s tra te  s p e c i f i c i t y  th a n , and 

have d i f fe r e n t  c o - fa c to r  re qu irem en ts  to ,  the  m icrosom al enzyme,

(The s o lu b le  enzymes a re  a ls o  a b le  to  o x id is e  GA^^ a ldehyde and 

12oC-hydroxy GA^ 2  a ldehyde a t  C -7, w h i le  the  m icrosom al enzyme a c ts  

o n ly  on GA^^ a ld e h yd e ). The s o lu b le  enzymes a re  a b le  to  c o n v e r t  

GA^ 2  a ldehyde to  GA^ and GA^^, th e  conve rs ions  in v o lv in g  C-20 

lo s s ,  and o x id a t io n s  a t  C -2 , C-3 and C-7. Recent ev idence  

sugges ts  th a t  p a r a l le l  pathways may ope ra te  f o r  1 2 & -hydroxy  GA^^ 

a ldehyde (see Hedden, 1983),

Work on c e l l - f r e e  systems has th e re fo re  sugges ted th a t

i n i t i a l  o x id a t io n  o f  GA^ 2  a ldehyde is  by m icrosom al enzymes,

b u t th a t  subsequent m etabo lism  and C-20 lo s s  a re  m ed ia ted by

s o lu b le  enzymes. In  peas 13 -h y d ro x y la t io n  seems to  be an e a r ly

even t c a ta ly s e d  by m ic rosom al enzymes, w ith  subsequent m etabolism

be ing  c a ta ly s e d  by s o lu b le  enzymes. L i t t l e  is  known about these

enzymes, b u t a 2 ^ -h y d ro x y la s e  is o la te d  from  pea seeds seemed to

have low  s u b s tra te  s p e c i f i c i t y ,  u n l ik e  a s im i la r  enzyme is o la te d

from  Phaseolus v u lg a r is  (Hoad ^  , 1982), The a c t i v i t y  o f  the
was

Pisum enzym e/s tud ied  a t  s tages d u r in g  seed m a tu ra t io n  and was 

maximum a t  a tim e  when th e  endogenous le v e ls  o f  GA2 q ( th e  presumed 

in  v iv o  p ro d u c t)  peaked.

The ^  v iv o  a b i l i t y  o f  pea s e e d l in g s , cv . M e teor to  o x id is e  

[ ^ H ] G A ^ ^  to  g-GAs was shown by D u r ley  ^  ^  (1 9 7 4 a ,b ). G A ^ ,  G A g ,

29



GA^g, GA^g and GA^g were id e n t i f ie d  as p ro d u c ts . S o le ly  on

the  b a s is  o f  percen tage in c o rp o ra t io n s  a f t e r  2 0  and 40h the  a u th o rs  

sugges ted a GÂ  ^ ^  GÂ  GA^g —> ^^23 bA,j —̂  GAg pa thw ay. GÂ  ^

has n o t been found i j i  v iv o  bu t th e  e a r ly  1'3 -h y d ro x y la t io n  observed 

may r e f le c t  a n a tu ra l j j i  v iv o  s te p .

F u rth e r in fo rm a t io n  on th e  pa thways o f  GA m e tabo lism  in  the  

pea comes from  iun v iv o  and ^  v i t r o  feeds o f  v a r io u s  C-19 GAs. Each 

s u b s tra te  w i l l  be cons ide red  in d i v id u a l ly  and o n ly  feeds to  peas 

a re  d iscu ssed .

[ ^HjGAg: Sponsel and M acM illan  (1 9 7 7 ), and Frydman and M acM illan

(1975) re p o r te d  th e  in  v i t r o  m e tabo lism  o f  [ l 5 ,1 7-^H]GAg in  pea 

seeds. Two s iz e s  o f  seeds were used, c a . 0.25g f.w t>  and ca . 0.75g 

f . w t .  (endogenous GAg le v e ls  e s tim a te d  a t  c a . 1Ong seed  ̂ and ca . 

1G0ng seed  ̂ re s p e c t iv e ly  by Frydman e t  a l . , 1974). The

seeds had a h ig h  c a p a c ity  to  m e ta b o lise  exogenous [^H jGAg. The 

la rg e r  seeds co u ld  take  up and c o m p le te ly  m e ta b o lise  ca . 8 j jg  per 

seed in  2  days, w h i le  th e  younger seeds co u ld  m e ta b o lise  c a . 1 j jg  

pe r seed over the  same p e r io d . M e tabo lism  appeared to  be independen t 

o f  dose and was s im i la r  ijn v iv o  and i j i  v i t r o .

The main p ro d u c t from  seeds o f  bo th  s iz e s  was a co n ju g a te  

o f  12oC-hydroxy G A g ,  found in  th e  a c id ic  e th y l a c e ta te  (EtDAc) and 

b u ta n o l (SuOH) p a r t i t io n s ,  wh ich accounted f o r  up to  c a . 60% o f 

absorbed r a d io a c t iv i t y .  ( A l l  pe rcen tage  convers ions r e fe r  to  

percen tages o f  absorbed r a d io a c t i v i t y ) ,  A sm a ll amount o f  GAg^- 

co n ju g a te  (ç a , 15%) was a p ro d u c t from  one fe e d . F ree GAs were 

produced in  r e l a t i v e l y  s m a ll amounts. Sm all seeds produced GA^q
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2 - . 2' 2: . : ' : - : .......  2 :2:2,  222.2 22- -  .2 2 ,... ...

and 1 2 o ( - 0H  GAg (each 1 - 1 0 % ) .  GAg^ was th e  m a jo r p ro d u c t ( 2 - 2 6 % )  

from  the  la rg e r  seeds, to g e th e r  w ith  s m a lle r  amounts o f  1 2 % - O H  GAg 

(0-6% ). No o th e r  p ro d u c ts  were id e n t i f ie d  and a maximum o f c a .

o f  absorbed la b e l was accounted f o r .  As [^HjGAgg was o n ly  observed 

as a p ro d u c t from  sm a ll seeds and as the  amount d e te c te d  was sm a ll 

the  a u th o rs  p o s tu la te d  th a t  GAg was n o t the  m a jo r source o f 

GAgg j j i  v iv o .

R a i lto n  e t  (1974a ,b ) fe d  5^g [ l 7 - ^ H ] G A g  to  5 -d a y -o ld  

dark grown s e e d lin g s  o f  the  c u l t i v a r  M e teor. The re co ve ry  o f  

r a d io a c t iv i t y  in  the  a c id ic  EtOAc f r a c t io n s  was lo w , b u t s in ce  

no d e ta i ls  were g iven  o f  th e  amount o f  r a d io a c t iv i t y  removed by 

p re -e x t r a c t io n  washes o f  the  p la n t  s u r fa c e , th e  amount o f 

absorbed r a d io a c t iv i t y  canno t be c a lc u la te d .  GA^g (up to  4%),

12CX-GH GAg (jp to  6 %) and GA^g were id e n t i f ie d  by GC-MS as p ro du c ts  

(pe rcen tages  a re  o f  a p p l ie d  r a d io a c t i v i t y ) .  GA^g was th o u g h t to  

be a n on -m e ta bo lic  p ro d u c t, R a i lto n  and co -w o rke rs  re p o r te d  

fu r th e r  s tu d ie s  on th e  m etabo lism  o f [^HjGAg (R a i l to n ,  1974, 1977 b;

R a ilto n  and R e id , 1974b). I t  was concluded 

th a t  m etabo lism  o f [^H]GAg was fa s te r  in  the  d.ark. than  in  th e  

and th a t  c h lo ro p la s ts  m e ta b o lise  [^H]GAg, However, th e  da ta  p resen ted  

do n o t j u s t i f y  these  c o n c lu s io n s . The a n a ly s is  o f  the  p ro d u c ts  o f 

[^H]GAg was inadequa te  and th e  c h lo ro p la s t  p re p a ra t io n s  used were 

l i k e l y  to  have been im pure ,

[^H]GAg m e tabolism  has a ls o  been s tu d ie d  in  r e la t io n  to  the  

p h o to p e r io d ic  c o n t ro l o f  a p ic a l senesence in  peas (P ro e b s t in g  e t  a l . , 

1978; P ro e b s t in g  and Heftmann, 1980). [^H]GAg was m e tab o lise d  to
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a t  le a s t  f i v e  p ro d u c ts , b u t none was id e n t i f ie d .  M e tabo lism  may 

have been fa s t e r  in  ma ture than in  young le a v e s , and in  s h o r t  days 

(SD) than in  long  days (LD ). P ro e b s t in g  e t  aJ .̂ (1978) concluded 

th a t  a un ique m e ta b o l ite  (GA^) was produced by the  l in e  G2 in  

SD, b u t t h i s  may be in c o r r e c t  s in ce  th e  ch rom a tograph ic  re s o lu t io n  

o f  th e  system used to  ana lyse  th e  p ro d u c ts  was low , and inadequa te  

to  d is t in g u is h  GA  ̂ from  o th e r p ro d u c ts  (GAg and GAp).

[ ^HjCAgg : Frydman and M acM illan  (1975) and Sponsel and M acM illan

(1977, 1978) have re p o r te d  the  m etabo lism  o f la b e lle d  GA^g in  pea 

seeds. [1 4 , 15, If-^H jG A g g  and [1R, [10,  3<>^-^H^]GA^g were

ve ry  e f f i c i e n t l y  co nve rte d  to  GA^g, wh ich was the  o n ly  d e te c te d  

m e ta b o l ite .  C onvers ion was h ig h e s t  when the  tim e  o f  fe e d in g  

c o in c id e d  w ith  the  maximum endogenous le v e ls  o f  GA^g in  the  seed.

D u r le y  et_ al_. (1979) and R a i lto n  ^  (1974c) observed s im i la r

p a t te rn s  o f  m e tabo lism , a ls o  in  seeds.

[^HjGAgQ fed  to  the  ap ices  o f  dark grown s e e d lin g s  o f  the  

c u l t i v a r  M e teor was m e tab o lise d  to  [^H jGA^g, a lth o u g h  the  co nve rs io n  

was o n ly  3.4% o f the  a p p l ie d  r a d io a c t iv i t y  a f t e r  20h. [^HjGAgg was th e  

o n ly  ra d io a c t iv e  compound d e te c te d  in  the  EtOAc phase a f t e r  p a r t i 

t io n in g  (R a i l to n  ^  , 1974c). R a i lto n  (1974) re p o r te d  an

in c o n c lu s iv e  in v e s t ig a t io n  in to  th e  e f f e c t  o f  l ig h t  on GA^g m e tabo lism . 

R a ilto n  and Re id (1974b) sugges ted th a t  c h lo ro p la s t  p re p a ra t io n s  co u ld  

m e ta b o lise  [^H lGA^g. T h is  work is  s u b je c t to  s im i la r  c r i t ic is m s  as 

t h e i r  s tu d ie s  o f  [^H]GAg m e tabolism  by c h lo ro p la s ts .
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Ingram _et _al. (1984 ) have re c e n t ly  re p o r te d  the  m etabolism  

o f  [1 7 - C, by the  young expand ing shoo t t is s u e  o f  s e v e ra l

type s  o f  peas, d i f f e r i n g  a t  th e  lo c u s . In  Lê  p la n ts  th e  p ro d u c ts  

id e n t i f ie d  were GA^g, GÂ  and GAg w h i le  GA^g and GAgg-ca tabo-

l i t e  were id e n t i f ie d  in  e x t ra c ts  from  Le p la n ts .  The percen tage 

co n ve rs io n s  re p o r te d  were low .

[ ^HjGAgg: [^HjGA^g has been fe d  o n ly  to  seeds o f  peas. I n i t i a l l y

no m e tabo lism  o f  [^HjGAgg was d e te c te d  from feeds o f  [14 , 15, 17-^H ] 

GAgg o r from  [^HjGAgg s y n th e s ise d  in  s i t u  from  a p p lie d  [14 , 15, 17- 

^HjGAgg (Frydman and M a cM illa n , 1975). F u rth e r s tu d ie s  u s in g  a 

doub le  is o to p e  la b e l l in g  te ch n iq u e  showed exogenous [ 2 <x.~^H]GA2 g 

to  be m e tab o lise d  more s lo w ly  than  th e  endogenous GA^g p o o l, wh ich 

was tho u gh t l i k e l y  to  be due to  a p r im a ry  is o to p e  e f f e c t  (Sponsel 

and M acM illan , 1978) a lth o u g h  la c k  o f  p e n e tra t io n  to  the  a c t iv e  

s i t e  was a ls o  re co gn ise d  as a p o s s i b i l i t y ,  [1P, [ i p ,  3oC-

3 Hg]GA2 g produced i j i  s i t u  from  la b e lle d  GAgg was m e tab o lise d  a t  

th e  same ra te  as th e  endogenous GAgg, b u t some r a d io a c t iv i t y  seemed 

to  be lo s t  from  the  e x tra c ts  d u r in g  w ork-up .

The above r e s u l t s  le d  the  a u th o rs  to  sugges t th a t  GAgg was 

be ing  fu r th e r  m e tab o lise d  a t  th e  C-2 p o s i t io n .  A s p e c i f ic  search 

le d  to  the  f in d in g  o f  a 2 -k e to  compound, G A g g -c a ta b o lite , which 

had a ls o  been id e n t i f ie d  from  [^HjCAgg feeds by D u r le y  a t  e ü . (1979), 

Feeds o f  [1 7 - G^jGAgg con f irm ed  th e  fo rm a t io n  o f  t h i s  p ro d u c t from  

GAgg (Sponsel and M a cM illa n , 1980). The c a ta b o l i te  can occur in  

ve ry  la rg e  amounts (up to  24pg seed ^ , Sponsel, 1983) and th e re  i s  

ev idence th a t  i t  i s  fu r th e r  m e ta b o lise d . Sponsel (l9B 0b) a t t r ib u te d
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the  o r ig in a l  f a i lu r e  to  observe m e tabolism  o f  [14 , 15, IV-^HjGA^g 

to  the  inadequa te  d u ra t io n  o f th e  feed  re p o r te d  by Frydman and 

M acM illan  (1 9 75 ).

[ ^H]GAg: D u r le y  ejt ^  (1973) fed  ca. 2 .7 |jg  [^H]GAg to  the  ap ices  o f 

d a rk -g ro u n  s e e d l in g s , cu. M eteor. GA  ̂ and a compound ve ry 

s im i la r  to  GA  ̂ were d e te c te d  by gas c h ro m a to g ra p h y -ra d io la b e l 

c o u n tin g  (GC-RC). Each p ro d u c t re p re sen ted  c a ,1 % o f  th e  a p p l ie d  

la b e l.  A la rg e  p ro p o r t io n  o f  th e  r a d io a c t iv i t y  was recovered  in  

the  a c id ic  b u ta n o l phase, su gg e s ting  m e tabolism  to  more p o la r  

compounds.

Musgrave and Kende (1970) fed  [^H]GA^ to  s e e d lin g s  and 

g e rm in a t in g  seeds o f  th e  c u l t i v a r  P rogress No.9. The [^H]GAg 

was m e tabo lised  to  more p o la r  compounds, one o f  wh ich was 

c h ro m a to g ra p h ic a lly -s im ila r  to  GA^.

[ ^H]GA^ : D u r le y  e t  a l . (1 974b)/f^H ]G A^ to  dark-grow n s e e d l in g s ,

cv . M e teor. A f te r  e x t r a c t io n  and p a r t i t io n in g  between 70 and 

80% o f  th e  absorbed r a d io a c t iv i t y  was p re se n t in  th e  a c id ic  

EtOAc phase. Chroma tography showed a t  le a s t  th re e  compounds, one 

o f  wh ich was id e n t i f ie d  by GC-RC as [^H]GAg. The o th e r  two 

p ro d u c ts  were more p o la r  than [^H]GAq ,

S to d d a r t e t  a l . (1974) observed co nve rs io n  o f  [^H]GA^ to  

[^H]GAq ( t e n ta t iv e  id e n t i f i c a t io n )  in  e xc ised  pea e p ic o ty ls .  

C onvers ion was e x trem e ly  ra p id ,  ca . 50% o f  the  absorbed la b e l be ing  

p re se n t as [^HJGAq w i th in  1h o f  the  feed  commencing. Kende (1967) 

and Barendse e t  a l .  (1968) a ls o  re p o r te d  [^H]GA^ m etabo lism  in
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peas, b u t no p ro du c ts  were id e n t i f ie d .

1 .4 .4 .  SUMMARY

The pathways o f  GA b io s y n th e s is  in  the  pea appear s im i la r  

to  those  th a t  have been found in  o th e r sp e c ie s . In  a l l  o f  the  

sp ec ies  s tu d ie d  GAs have been found to  be s y n th e s ise d  from  GA^^ 

a ldehyde , wh ich is  i t s e l f  s yn th e s is e d  from  MVA. The pathways in  

the  d i f f e r e n t  spec ies  d iv e rg e  subsequent to  GA^^ a ldehyde. In  

peas two pathways from  GA^^ a ldehyde to  C^g-GAs have been found , 

a n o n -h yd ro xy la te d  pa th  and a 13■—h y d ro x y la te d  pa th  ( f ig u r e  4 ) .  

The re c e n t  id e n t i f i c a t io n  o f  GÂ  from  peas ra is e s  the  p o s s i b i l i t y  

th a t  3 0 -h y d ro x y la te d  and 3^, 1 3 —h y d ro x y la te d  pa ths  may a ls o  be 

p re s e n t .

13—H yd ro xy la te d  GAs a re  p re se n t in  pea seeds in  h ig h e r 

amounts than n o n -h yd ro xy la te d  GAs. On ly th e  fo rm er have been 

found in  s e e d l in g s . 13—H yd ro xy la te d  GAs a re  th e  predom inan t 

p ro du c ts  formed from  GA^^ in  c e l l - f r e e  systems when th e  microsomes 

are  p re se n t (Kamiya and Graebe, 1983), Only sm a ll amounts o f  [^H]GA 

have been d e te c ted  as a p ro d u c t from  [^H]GAg fe e d s , and GA^^ was 

th e  p re fe r re d  s u b s tra te  f o r  1 3 --h y d ro x y la t io n  in  v i t r o . These 

o b s e rv a t io n s  sugges t th a t  th e  13 —h y d ro x y la t io n  pathway is  more 

im p o r ta n t  than th e  n o n -h yd ro xy la te d  pa thway, b u t e s tim a te s  o f 

GA tu rn o v e r a re  re q u ire d  to  s u b s ta n t ia te  t h i s .

G A-conjuga tes have n o t been found endogenous ly in  peas, 

a lth o u g h  con juga ted  p ro d u c ts  have been d e te c te d  from  [^H]GA fe e d s . 

C onvers ion to  2 -k e to  compounds may re p re s e n t  an im p o r ta n t  GA
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in a c t iv a t io n  pathway in  peas, and a ls o  in  some o th e r  sp e c ie s .

1 .5 . GIBBERELLIN5 AND THE DETERMINATION OF STEM LENGTH IN PISOM 

SATIVUM

Stem le n g th  in  p .  sa tivum  is  de te rm ined  by th e  le n g th  and 

th e  number o f  in te rn o d e s  produced b e fo re  a p ic a l senescence occurs . 

There is  evidence th a t  GAs are  in v o lv e d  in  th e  c o n t ro l o f  a p ic a l 

senescence in  th e  pea and t h is  i s  co ns ide re d  in  s e c t io n  1 .5 ,1 .

GAs a ls o  have a more d i r e c t  e f f e c t  on stem le n g th  by 

in c re a s in g  th e  ra te  o f  e lo n g a t io n  and t h is  i s  d iscussed  in  s e c tio n  

1 .5 .2 .  The ra te  o f  stem e lo n g a t io n  is  a ffe c te d  by e nv iron m e n ta l 

fa c to r s ,  e s p e c ia l ly  l i g h t ,  and th e re  is  evidence to  sugges t t h a t

GAs may be in v o lv e d  in  th e  p h o to - in h ib i t io n  o f  stem e lo n g a t io n ,

wh ich is  d iscussed  in  s e c tio n  1 ,5 .3 .

1 .5 .1 .  APICAL SENESCENCE

There is  ev id en ce , from  th e  a p p l ic a t io n  o f  exogenous GAs 

and o f  the  grow th  re ta rd a n t  AMO-1618, th a t  GAs are  in v o lv e d  in  the  

c o n t ro l o f  shoo t senescence in  th e  pea (L o c k h a r t and G o t ts c h a l l,  

1961; Ecklund and Moore, 1968). Shoo t senescence i s  n o rm a lly  

a ss o c ia te d  w ith  f lo w e r in g  and the  deve lopm en t o f  f r u i t .  Recent 

in v e s t ig a t io n s  o f  the  r o le  o f  GAs in  shoo t senescence in  peas 

have used l in e s  o f  peas in  wh ich th e  geno type, w ith  re s p e c t to

th e  m a jor f lo w e r in g  genes, is  known.

Four m a jo r genes a re  known to  c o n t ro l f lo w e r in g  in  peas, 

one o f  w h ich , 5n , has a p le io t r o p ic  e f f e c t  on stem e lo n g a t io n  

(see M u r fe t ,  1977; Ingram , 1980). Recent in v e s t ig a t io n s  in to
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senescence in  th e  pea have m a in ly  used th e  l in e  G2 ( i f  E Sn_ Hr_).

T h is  geno type f lo w e rs  and f r u i t s  in  bo th  lon g  days (LD) and s h o r t  

days (SD) b u t a p ic a l senescence o n ly  occurs  in  LD. Us ing G2 enables 

senescence to  be s tu d ie d  in d e p e n d e n t ly  o f  f l o r a l  and f r u i t  deve lop 

ment (P ro e b s t in g  ^  , 1976), a lth o u g h  Ingram and Brown ing (1980)

re p o r te d  th a t  seed deve lopm en t i s  s l ig h t l y  re ta rd e d  in  SD.

P ro e b s t in g  e t  a l .  (1976) showed th a t  senescence was de layed by 

rem oval o f f r u i t s  in  LD, G ra f t in g  s tu d ie s  sugges ted th a t  

v e g e ta t iv e  G2 s to cks  were a b le  to  produce a senescence i n h i b i t i n g  

fa c to r ,  a lth o u g h  t h i s  seemed to  re q u ire  th e  presence o f  Hr_ in  the  

sc io n  to  be a c t iv e  (P ro e b s t in g  e t  a l , , 1977),

I t  was found th a t  GA^ and GA^g cou ld  de lay  a p ic a l senescence 

when a p p l ie d  to  G2 p la n ts  grown in  LD, b u t GAg was in e f f e c t iv e .  

(P ro e b s t in g  e t  , 1978 ). T h is  le d  to  an in v e s t ig a t io n  o f  the  

m etabo lism  o f  [^H]GAg in  SD and in  LD by G2, and a ls o  in  th e  

p h o to p e r io d ic a l ly - in s e n s i t iv e  I  l in e  (P ro e b s t in g  e t  a l . , 1978).

The a u th o rs  concluded th a t  a unique p ro d u c t, GAg, was produced by 

G2 in  SD ( i . e .  when senescence is  re ta rd e d ) .  The a u th o rs  went 

on to  in v e s t ig a te ,  by b io a ssa y , th e  endogenous GA c o n te n t o f  ma ture 

le a ves  and s t ip u le s  o f  G2 and I  p la n ts  grown in  SD, and o f G2 p la n ts  

grown in  LD. A t le a s t  3 GAs were p re s e n t, and th e  le v e ls  o f  th e  

most p o la r  (d e s ig n a te d  E) appeared h ig h e s t  in  G2 in  SD, wh ich 

le d  th e  a u th o rs  to  sugges t th a t  t h i s  was the  senescence re ta rd in g  

fa c to r  in  G2. They sugges ted th a t  t h is  GA m igh t be GA^.

Ingram and Brown ing (1979) and Davies e t  a l .  (1982) have
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re p o r te d  a n a lyse s , u s in g  GC-MS, o f  the  endogenous GAs o f  G2, from 

bo th  f r u i t s  and v e g e ta t iv e  t is s u e .  GÂ  was n o t found and i t  was 

sugges ted th a t  the  b io lo g ic a l  a c t i v i t y  des igna ted  E, re p o r te d  by 

P ro e b s t in g  e t  (1978) may have been caused by GA^g. T h is  seems 

u n l ik e ly  i f  the  e a r l ie r  o b s e rv a t io n s  were c o r re c t ,  s in c e  GA^g has 

low  b io lo g ic a l  a c t i v i t y  and co u ld  n o t re p re s e n t a m e ta b o l ite  o f 

[^H]GAg. Ingram  (1980) in v e s t ig a te d  the  endogenous GAs o f  the  

seeds o f  a number o f l in e s  o f  peas, d i f f e r i n g  in  t h e i r  f lo w e r in g  

genes, b u t co u ld  f in d  no c o r r e la t io n  between GA c o n te n t,  geno type 

and p h o to p e r io d .

The p o s s ib le  r o le  o f  GAs in  re p ro d u c tiv e  deve lopm en t and 

senescence in  peas th e re fo re  rem ains u n re so lve d . I t  wou ld be o f  

va lue  to  r e - in v e s t ig a te  th e  r e s u l t s  o f  P ro e b s t in g  ^  (1978)

to  c o n f irm  th a t  GAg (a m e ta b o l ite  from  [^H]GAg) is  produced o n ly  

by G2 in  SD, and to  c o n f irm  th e  id e n t i t y  o f th e  GA re s p o n s ib le  f o r  

th e  peak o f  b io lo g ic a l  a c t i v i t y ,  des igna ted  E, which appeared to  be 

p re se n t in  la rg e r  amounts in  G2 in  SD,

1 .5 .2 .  STEM ELONGATION

There is  s tro n g  ev idence t h a t  GAs are  in v o lv e d  in  c o n t r o l l in g  

stem e lo n g a t io n  in  th e  pea. I n i t i a l  evidence f o r  th e  in vo lvem en t 

o f  GAs came from  in v e s t ig a t io n s  in to  the  e f fe c t s  o f  the  a p p l ic a t io n  

o f  exogenous GAs, which dem ons tra ted  th a t  GAs co u ld  cause d ram a tic  

stem e lo n g a t io n  in  P isum s a tiv u m . The r e s u l t s  o f  these  experim en ts 

have shown t h a t :

( i )  A l l  in te rn o d e s  appear capab le o f  respond ing  to  exogenous GA^,
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p ro v id in g  th a t  they  a re  e i t h e r  grow ing o r em b ryon ic a t  th e  tim e  o f 

tre a tm e n t (A rney and M a n c in e ll i ,  1966; G ile s  and Myers, 1966; 

S p ike r e t  _al^., 1976). Moore (1967) has sugges ted th a t  the  

in te rn o d e s  o f  cv . A laska have d i f fe r e n t  s e n s i t i v i t ie s  to  a p p l ie d  

GA^. He sugges ted th a t  the  s e n s i t i v i t y  o f  success ive  in te rn o d e s  

decreases, u n t i l ,  as th e  p la n ts  e n te r th e  l in e a r  grow th  phase 

th e re  is  l i t t l e  fu r th e r  enhancement o f g row th  by GA^. To e x p la in  

th e  r e s u l t s  o f  L o ckh a r t and G o t ts c h a ll (1961) he a ls o  sugges ted 

th a t  the  l in e a r  phase o f  grow th  was fo llo w e d  by a p e r io d  o f 

in c re a s in g  s e n s i t i v i t y  to  GA^. T h is  la t e r  phase o f  s e n s i t i v i t y  

seems to  be p a r t l y  due to  GA  ̂ d e la y in g  senescence, ra th e r  than 

e n t i r e l y  due to  a d i r e c t  s t im u la to ry  e f f e c t  on stem e lo n g a t io n . 

S p ik e r ^  (1 9 7 6 ), showed t h a t  in te rn o d e s  6-18 o f  th e  cv .

L i t t l e  M arve l (a d w a rf) were a l l  h ig h ly  re sp o n s ive  to  GA^.

( i i )  The t im e  f o r  wh ich th e  in c re a se d  grow th  p e r s is ts  i s  

p ro p o r t io n a l to  th e  dose o f  GA^ a p p l ie d  (B r ia n  and Hemming, 1955). 

Repeated a p p l ic a t io n s  o f  GA^ s u s ta in  the  h ig h  grow th  ra te  (S p ik e r 

e t  1976).

( i i i )  Both t a l l  and dw arf c u l t iv a r s  w i l l  respond to  GA^ a p p l ic a t io n  

when l ig h t  grown, b u t th e  response o f  th e  dw a rfs  is  o f te n  g re a te r  

(e .g . Sale and V ince, 1960; B r ia n  and Hemming, 1955). Dwarf and 

t a l l  c u l t iv a r s  g iven  s a tu ra t in g  doses o f  GA  ̂ in  th e  l ig h t  can reach 

the  same h e ig h t  (e .g .  V in ce , 1967 ).

The main e f fe c t  o f  GA^ on stem h e ig h t  i s  due to  an in c re a se  

in  the  le n g th  o f  th e  in te rn o d e s  (e .g .  B r ia n  and Hemming, 1955),
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a lth o u g h  th e re  may a ls o  be an in c re a s e  in  in te rn o d e  number (Arney 

and M a n c in e ll i ,  1966; S p ik e r e t  a l . ,  1976; Wince, 1967). The 

l a t t e r  e f f e c t  i s  s m a ll and has n o t been n o t ic e d  by a l l  w orkers  

(e .g .  B r ia n  and Hemming, 1955). Exogenous GA seems to  have 

l i t t l e  e f f e c t  on stem o r e p ic o ty l w id th  (Nakamura e;t , 1970).

A number o f re p o r ts  have been p u b lis h e d  o f th e  e f fe c t s  o f 

GA a t  th e  h is to lo g ic a l  le v e l (e .g .  Arney and M a n c in e ll i ,  1966; 

Nakamura e ^  a l^ ., 1970; Wince, 1967). Exogenous GA^ can in c re a s e  

bo th  th e  number and le n g th  o f  c e l ls  in  expand ing stem t is s u e .  The 

r e la t i v e  im portance  o f  these two e f fe c t s  has shown some v a r ia t io n ,  

Nakamura e t  (1970) found th a t  GA^ had a d ra m a tic  e f f e c t  on 

c e l l  le n g th  in  cv . A laska e p ic o ty ls ,  b u t l i t t l e  e f f e c t  on c e l l  

number. Arney and M a n c in e ll i  (1966) found th a t  c e l l  d iv is io n  and 

c e l l  e lo n g a t io n  c o n t r ib u te d  e q u a lly  to  GA^ induced expans ion o f  

th e  6 th  in te rn o d e  in  th e  cv . M eteor, W ince (1967) found the  

m a jo r e f f e c t  o f GA^ on th e  e p id e rm is  was th rough  an e f f e c t  on 

c e l l  e lo n g a t io n .

The above o b s e rv a t io n s  sugges t th a t  GAs may have a 

r o le  in  th e  j j i  v iv o  c o n t ro l o f  stem e lo n g a t io n , and to  in v e s t i 

ga te  t h is  p o s s i b i l i t y  a number o f  com pa r isons were made o f  th e  

endogenous GAs o f t a l l  and dw arf c u l t iv a r s  (K o h le r and Lang, 1963; 

Kende and Lang, 1964; Jones and Lang, 1960; K o h le r, 1965a, 1970). 

The r e s u l t s  g e n e ra lly  f a i le d  to  show any d i f fe re n c e s  in  the  GA 

c o n te n t o f  t a l l  and dw arf t is s u e .  A lthough K o h le r (1 9 65 a )re po rte d  

th a t  th e  norm al c u l t i v a r ,  Schnabel, co n ta in e d  more GA than the  

dw arf cv . K le in e  R h e in la n d e r in  la t e r  r e s u l t s  c o n t ra d ic te d  t h is
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(K o h le r , 1970). A l l  o f  th e  above com par isons used ve ry crude 

p u r i f i c a t io n  p rocedures w ith  d e te c t io n  by b io assa y , and i t  is  

p o s s ib le  th a t  the  tech n iq ue s  used were inadequa te  to  d e te c t 

any d i f fe re n c e s  in  th e  endogenous GAs o f  th e  c u l t iv a r s .

Lockhard and Grunwald (1970) and McComb and McComb (1970) 

used g r a f t in g  s tu d ie s  to  in v e s t ig a te  whether a g r a f t  t ra n s m is s ib le  

i n h i b i t o r  was re s p o n s ib le  f o r  the  d if fe re n c e  in  in te rn o d e  le n g th s  

between the  t a l l  cv . A laska and th e  dw arf cv . P rogress N o.9. They 

co n f irm e d  th a t  th e  d i f fe re n c e  was due to  th e  1̂  lo c u s , b u t found 

by g r a f t in g  t h a t  th e  f a c to r ( s )  re s p o n s ib le  were n o t t ra n s m is s ib le  

from  ro o ts  o r ma ture t is s u e  to  young sh o o ts .

Thus, a lth o u g h  th e  ev idence  from  exogenous a p p l ic a t io n s  o f  

GAs sugges ted a r o le  f o r  GAs in  c o n t r o l l in g  in te rn o d e  e lo n g a t io n  

in  the  pea, in v e s t ig a t io n s  o f  th e  endogenous GA c o n te n t o f  t a l l  

and dw arf peas f a i le d  to  su p p o r t t h is  v iew . T h is  le d  to  some doubt 

as to  w he ther d if fe re n c e s  in  GA c o n te n t c o n t ro lle d  stem grow th  

(Trewavas, 1981). R e ce n t ly , however, Re id and co -w o rke rs  have 

re - in v e s t ig a te d  th e  r o le  o f  GAs in  pea in te rn o d e  e lo n g a t io n  us ing  

geno types d i f f e r i n g  a t  a s in g le  a l l e le .  T h is  e le g a n t  approach, 

used i n i t i a l l y  by Ph inney and co -w o rke rs  to  s tu d y  dw arfism  in  

m aize, has p ro v id e d  good ev idence th a t  stem grow th  in  peas is  a t  

le a s t  p a r t l y  c o n t ro lle d  by the  endogenous p o o ls  o f  c e r ta in  GAs.

Re id and co -w orke rs  have made in v e s t ig a t io n s  in to  th e  e f fe c t s  o f  

f i v e  lo c i  . The e f fe c t s  o f  these  lo c i  w i l l  now be d iscussed .

The Le Locus

Two a l le le s  o f  t h i s  lo cu s  are  known, p la n ts  be ing  t a l l
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and p la n ts  d w a rf. Dwarfism  in  most o f th e  c u l t iv a r s  used in  the  

e a r l ie r  in v e s t ig a t io n s  in to  the  r o le  o f  GAs in  the  pea was caused 

by the  homozygous presence o f  th e  gene (T ab le  1 ) ,  a ltho u gh  o th e r

g e n e t ic  d if fe re n c e s  co u ld  a ls o  have c o n t r ib u te d  to  th e  d if fe re n c e s  

in  stem le n g th s  observed between these  c u l t iv a r s .  The 1^ gene 

causes a re d u c tio n  in  the  le n g th  o f  the  upper in te rn o d e s  by 40-60% 

and a z ig -z a g  appearance o f  the  stem ( B l i x t ,  1972), 1 ^  has a

le s s e r  e f f e c t  on the  le n g th  o f th e  e a r l ie r  in te rn o d e s , w ith  

v i r t u a l l y  no e f fe c t  on th e  f i r s t  in te rn o d e . The lo c u s  a ls o  

seems to  have a m inor p le io t r o p ic  e f fe c t  on f lo w e r in g  (see Re id 

e t  a l . , 1983).

I n i t i a l  expe r im en ts  (P o t ts  a l . ,  1983a)sugges ted th a t

th e  le v e ls  o f  b io lo g i c a l ly  a c t iv e  GAs were low er in  m a ture t is s u e  

than  in  young a p ic a l t is s u e ,  and th a t  young dw arf and t a l l  a p ic a l 

t is s u e  d i f fe r e d  in  the  presence o f  a s p e c i f ic  p o la r  GA. T h is  GA 

was p re se n t in  the  two t a l l  ( l ^ )  l in e s  examined, b u t absen t from  

a l l  fo u rte e n  dw arf (J ^ )  l in e s  exam ined. The GA had a s im i la r  

re te n t io n  tim e  to  GA.j when chrom a tographed on a s i l i c a  g e l p a r t i t io n  

colum n, and was a c t iv e  in  the  W a ito-C  dw arf r i c e  b io assa y . Ingram 

e t  a l .  (1983 ) re p o r te d  th a t  a p p l ic a t io n  o f  AMO-1618 conve rted  

t a l l  p la n ts  to  th e  dw arf pheno type, and dw arf p la n ts  to  the  nana 

pheno type, p ro v id in g  evidence t h a t  th e  d i f fe re n c e s  between these 

pheno types may be due to  d i f fe re n c e s  in  th e  endogenous GAs. Otker 

experim en ts  (P o t ts  and R e id , 1383) sugges ted th a t  m a tu rin g  seeds 

o f  bo th  dw arf and t a l l  p la n ts  co n ta in e d  s im i la r  GAs, in c lu d in g  

the  p o la r  peak o n ly  found in  th e  a p ic a l t is s u e  o f  t a l l  peas.
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Re id e t  ad. (1983) compared the  number and s iz e s  o f  c e l ls  

in  th e  3rd  and 7 th  in te rn o d e s  o f  t a l l  and dw arf p la n ts .  There 

was no s ig n i f i c a n t  d if fe re n c e  in  the  le n g th  o f th e  3rd  in te rn o d e  

o f  the  two ty p e s , because a lth o u g h  bo th  ep ide rm a l and c o r t i c a l  

c e l ls  were lo n g e r in  1̂  p la n ts  bo th  types  o f  c e l ls  were more 

numerous in  the  la  p la n ts .  The le n g th  o f the  7 th  in te rn o d e  o f 

th e  p la n ts  was ca_. fo u r  tim es  th a t  o f  the  _le p la n ts .  In  the  

e p id e rm is  c a .60% o f  th e  in c re a se  was due to  an in c re a s e  in  c e l l  

number. GA^, a p p l ie d  to  dw arf peas, has been found to  in c re a se  

bo th  th e  le n g th s ,  and th e  numbers, o f  c e l ls  in  in te rn o d e s  

(A rney and M a n c in e ll i ,  1966). Re id ejt al^. (1983) a ls o  con f irm e d  

e a r l ie r  r e s u l t s  (McComb and McComb, 1970; Lockhard and Grunwald, 

1970) t h a t  the  d if fe re n c e  between t a l l  and dw arf pheno types is  n o t 

t ra n s m is s ib le  between g r a f t s  o f t a l l  sc io n s  and dw arf s to c k s , o r 

between the  re c ip ro c a l g r a f t s .

Support f o r  th e  ide a  th a t  the  p o la r  GA p re se n t o n ly  in  

t a l l  t is s u e  was GA.| came from  th e  GC-MS id e n t i f i c a t io n  o f  t h is  

GA in  p u r i f ie d  e x t ra c ts  o f  th e  a p ic a l t is s u e  o f t a l l  peas (Ingram  

e t  a l . ,  1983 ,) . The presence o f  GA^^) GAgQ and GAg was a ls o  

sugges ted by s e le c te d  io n  c u r re n t m o n ito r in g . GÂ  had n o t p re v io u s ly  

been d e te c te d  in  pea e x t ra c ts  (T ab le  2 ) .

Ingram _et (1983 ) showed t h a t  Le p la n ts  responded much 

b e t te r  to  exogenous GAg and GA2 Q than _le p la n ts .  The response o f 

th e  dw arf peas was c o n s is te n t  w ith  the  known s t r u c t u r e - a c t i v i t y  

r e la t io n s h ip s  o f  GAs in  th e  dw a rf pea b ioassay (see C ro z ie r ,  1981;

Hoad e t  , 1976). Subsequently  i t  was shown t h a t  [17 -^^C  ^H]GA
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was co nve rte d  to  GÂ  and GAg in  ^  p la n ts ,  b u t n o t in  le^ p la n ts

(Ingram  e t  , 1984 ) .  I t  was sugges ted th a t  the  observed pa th

from  exogenous GA^g to  GÂ  and GAg r e f le c te d  th e  endogenous p a th , 

and th a t  the  gene a llo w s  3 ^ -h y d ro x y la t io n  o f GAs. I t  was a lso  

sugges ted th a t  dw arfism  in  Lb  p la n ts  r e s u l t s  from  a f a i lu r e  to  

produce enough G A ^ , and t h a t  t h is  i s  th e  m ajor endogenous GA 

prom o ting  stem e lo n g a t io n  in  peas.

The and Cry lo c i

Two a l le le s  o f  th e  lo c u s  (L ^  and 1^) and th re e  o f the  

Cry lo cu s  ( C ry , c r y ^ , c r y ^ ) a re  known, a ltho u gh  a d d i t io n a l a l le le s  

o f  the  l a t t e r  lo cu s  may e x is t ,  and Cry a re  p o lym e r ic  d w a rf in g

fa c to r s .  The co m b ina tion  la  c ry ^  leads  to  s le n d e r p la n ts  in  the

presence o f  Lê  o r l e . The co m b ina tion  la  c ry ^  g iv e s  the  pheno type

c r y p t o t a l i  i f  Le is  p re s e n t ,  and c ry p to d w a rf i f  le_ is  p re s e n t,

s cThe com b ina tio ns  Le La C ry , Le la  C ry , Le La c ry  and Le La c ry

a re  a l l  p h e n o ty p ic a lly  t a l l .  S lender p la n ts  a re  c h a ra c te r is e d  by

ra p id  g e rm in a t io n , long  t h in  s p in d ly  s tem s, p a le  f o l ia g e ,  reduced

b ra n c h in g , lo n g  pedunc les , m alform ed and a b o r t iv e  f lo w e rs ,  reduced

seed s e t and th e  p ro d u c tio n  o f  p a r th e n o c a rp ic  pods. C ry p to - p la n ts

show ra p id  e lo n g a t io n  o f  e a r ly  in te rn o d e s , b u t t h is  ra p id  e lo n g a t io n

ceases b e fo re  the  deve lopm en t o f  la t e r  in te rn o d e s . These two lo c i

re a c t  in  a complex way w ith  th e  f lo w e r in g  genes (R e id e t  a l , ,  1983)

Re id ^  (1983) concluded th a t  th e  d i f fe re n c e  between

dw arf and c ry p to d w a rf pheno types was n o t g r a f t  t ra n s m is s ib le ,

a lth o u g h  the  dw arf s c io n  was g ra f te d  on to the  5 th  node o f  the
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c ry p to d w a rf s to c k , by wh ich tim e  th e  ra p id  e lo n g a t io n  o f  the  

s to ck  is  le s s  p ro m in en t,

Reid ,e;t s d . (1983) found th a t  le  la  Cry dw arfs had s l ig h t l y  

lo n g e r in te rn o d e s  th a n  la  Cry and ja  La_ c ry ^  p la n ts ,  sugges ting  

th a t  La i n h i b i t s  stem e lo n g a t io n  to  a la rg e r  e x te n t than C ry .

There is  evidence th a t  the  in te rn o d e  le n g th  o f  s le n d e r p la n ts  i s  

le s s  a ffe c te d  by AMO-1618 than th a t  o f  t a l l  and dw arf pheno types, 

and th a t  the  a d d it io n  o f  th e  na gene has l i t t l e  e f f e c t  on g row th .

T h is  has le d  to  th e  su gg e s tion  th a t  some processes beyond GA 

p e rc e p t io n  a re  in f lu e n c e d  by the  Lâ  and Cry lo c i  (P o t ts  e t  a l^ ., 1982b)

The Na and Lm lo c i

The na a l le le  is  e p is ta t ic  to  the  1^ lo c u s , p la n ts  

e x h ib i t  the  nana pheno type wh ich is  t y p i f ie d  by a m ajor re d u c tio n  

in  in te rn o d e  le n g th  and a da rken ing  o f  fo l ia g e  c o lo u r ,  a ltho u gh  

o th e r c h a ra c te rs  (e .g .  le a f  s iz e ,  stem d ia m e te r) a re  n o t reduced 

to  the  same e x te n t as by th e  lm a l le le .  The a l le le  causes a 

re d u c tio n  in  a l l  the  d im ensions o f  th e  p la n t ,  in c lu d in g  the  

in te rn o d e  le n g th  o f  t a l l ,  d w a rf, c ry p to d w a rf and s le n d e r p la n ts ,  

le a d in g  to  the  m ic ro -p h e n o ty p e . I t  i s  no t e p is ta t ic  to  

(see Re id e;t a l^ ., 1983),

The na a l le le  causes a d ra m a tic  re d u c tio n  o f  bo th  c e l l  

number and c e l l  le n g th  in  bo th  th e  ep ide rm a l and c o r t i c a l  t is s u e  

o f  in te rn o d e  7. The e f f e c t  o f  Na_ is  t ra n s m is s ib le  in to  na sc ions  

from  th e  ro o ts  and c o ty le d o n s , and from  ma ture leaves  and stem t is s u e  

(R e id  e t a l . ,  1983). The nana pheno type is  a lm os t u n a ffe c te d  by 

AMO-1618 (Ingram  e t  , 1983 ) ,  and is  ve ry  re sp on s ive  to  exogenous

GA^. However the  nana l in e  L81 ( I æ c ry ^  na Lm) is  much le s s
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re sp on s ive  to  GAgg than  th e  nana l in e  1776 ( l ^  c ry ^  na Lm) , 

wh ich may be due to  th e  i n a b i l i t y  o f  1^ p la n ts  to  3 |S -hydroxy la te  

(P o t ts  and R e id, 1983; Ingram e t  a l . ,  1984 ) .

I t  appears th a t  nana pheno types la c k  b io lo g i c a l ly  a c t iv e  GAs 

in  shoo t t is s u e ,  a lth o u g h  they a re  p re se n t in  seeds (P o t ts  and Re id, 

1982a). In te rn o d e  1 is  n o t dw arfed  as d ra m a t ic a lly  as th e  o th e rs  

(e .g . Ingram e t  a l . ,  1989 ) .  Ingram  e t  a l .  (1984 ) ,  us ing  GC-MS 

f a i le d  to  f in d  evidence o f  GA^g, GA^g, GÂ  o r GAg in  nana d w a rfs .

I t  th e re fo re  seems t h a t  GA p ro d u c tio n  is  b locked  a t  an e a r ly  s tage 

in  na p la n ts  and th a t  t h i s  r e s u l t s  in  the  nana pheno type.

The work o f  Re id and co -w o rke rs  has dem ons tra ted th a t  GAs 

are  re q u ire d  f o r  norm al e lo n g a t io n  o f  shoo ts  in  peas, and sugges ted 

th a t  o n ly  one GA, p ro b a b ly  GA^, is  h ig h ly  a c t iv e  in  p rom o ting  

e lo n g a t io n . I t  i s  u n c le a r w he ther the  stem grow th  shown by 

p la n ts  i s  due to  some GÂ  be ing  formed o r due to  the  a c t i v i t y  per 

se o f  GAs e a r l ie r  in  th e  pa thway.

Evidence a ls o  in d ic a te s  th a t  GAs a re  re q u ire d  f o r  norm al 

stem e lo n g a t io n  in  o th e r  sp e c ie s . T h is  is  b es t e s ta b lis h e d  fo r  

maize and r ic e  (see P h inney, 1984) b u t Goodwin (1978) c i t e s  a 

number o f  o th e r  examples o f sp e c ie s  in  wh ich g e n e t ic  dw arfs  have 

been found , by b io a ssa y , to  have low  le v e ls  o f  endogneous GAs 

(e .g .  P h a rb i t is  n i l , Phaseolus v u lg a r is , L ycope rs icon  escu len tum ). 

I t  has been shown in  a la rg e  number o f  sp ec ies  th a t  GA a p p l ic a t io n  

can cause c o n s id e ra b le  stem e lo n g a t io n  (see P a leg , 1965).

Ph inney and co -w o rke rs  have s tu d ie d  GA m etabo lism  in  maize 

d w a rfs , and have sugges ted th a t  GÂ  is  th e  o n ly  GA p rom o ting  stem
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e lo n g a t io n  in  maize (see Ph inney and Spray, 1982, and P h inney, 1984). 

In  th e  p la n ts  used dw arfism  is  expressed from  th e  s e e d l in g  to  the  

m a ture p la n t .  The dw arfs  respond to  GA a p p l ic a t io n  by norm al g row th , 

and do n o t respond to  o th e r hormones. A number o f  GAs have been 

is o la te d  from  the  ta s s e ls  o f  n o rm a l- typ e  maize and th e  s t ru c tu re s  

sugges t th e  presence o f an e a r ly  13 —h y d ro x y la t io n  pa thway. Some 

o f  th e  conve rs ions  in  t h i s  h y p o th e t ic a l pathway have been con f irm ed  

by r a d io a c t iv e  feeds (see P h inney, 1984).

GA b io s y n th e s is  in  the  d^ m utan t appears to  be b locked  

between GPP and e n t - kaurene. T h is  c o n c lu s io n  is  supported  by

(1 ) th e  observed b io lo g ic a l  a c t i v i t i e s  o f exogenous GAs a p p l ie d  

to  dg, (2 ) b ioassay s tu d ie s ,  which have f a i le d  to  d e te c t endogenous 

GAs from  d^, and (3 ) s tu d ie s  o f e n t -kaurene b io s y n th e s is  in  c e l l -  

f re e  sys tem s. The l a t t e r  s tu d ie s  have shown th a t  th e  dg m utan t 

produces o n ly  /5  o f  the  e n t-k a u r-1 6 -e n e  o f the  norm al ty p e , b u t 

produces la rg e  amounts o f  the  isom er e n t - ka u r-1 5 -e n e .

In  th e  d^ m utan t b io s y n th e s is  appears to  be b locked  a t  the  

3 p -h y d ro x y la t io n  s tag e . T h is  c o n c lu s io n  is  based on th e  response 

o f  the  m utan t to  exogenous GAs, b u t i s  c o n s is te n t  w ith  the  r e s u l t s

o f  (1 ) b ioassay a n a ly s is  in d ic a t in g  th e  presence o f  endogenous GAs

in  d ^ , (2 ) g r a f t in g  s tu d ie s  and (3 ) the  b io a c t i v i t y  o f  3 p -c h lo ro

GA^g. GA b io s y n th e s is  in  the  d^ and d^ m utan ts appears to  be

b locked  a t  the  C-7 o x id a t io n  and C-13 h y d ro x y la t io n  s tep s  re s p e c t

iv e l y ,  a ltho u gh  t h is  c o n c lu s io n  is  based o n ly  on th e  r e la t iv e  

b io lo g ic a l  a c t i v i t i e s  o f  d i f fe r e n t  GAs a p p l ie d  to  these  d w a rfs .
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As a r e s u l t  o f these  s tu d ie s  Ph inney and Spray (1982) 

concluded th a t  in  m a ize;

(1 ) The e a r ly  1 3 -h y d ro x y la t io n  pathway is  th e  o n ly  pa th  c o n t r o l l in g  

e lo n g a t io n  g row th . T h is  co n c lu s io n  a r is e s  s in c e  o n ly  13 -h y d ro x y la te d  

GAs have been id e n t i f ie d  from  maize ta s s e ls  (Hedden ejt , 1982).

(2 ) GÂ  i s  the  o n ly  GA in  t h is  pathway th a t  i s  a c t iv e  per s e .

T h is  c o n c lu s io n  a r is e s  s in c e  GÂ  is  the  o n ly  3 P -h yd ro xy la te d  GA o f 

h ig h  b io lo g ic a l  a c t i v i t y  d e te c te d  in  e x tra c ts  o f  maize ta s s e ls ,  

and s in ce  th e  d^ m u tan t, which i s  b locked  fo r  3 p -h y d ro x y la t io n  is  

a d w a rf.

(3 ) Each o f  the  fo u r  m utan t genes s tu d ie d  (d ^ , d ^ , d^ and dg)

c o n t ro ls  a s p e c i f ic  and d i f fe r e n t  s te p  in  the  pa thway.

I t  has a ls o  been sugges ted th a t  GÂ  may be th e  GA c o n t r o l l in g

stem e lo n g a t io n  in  r ic e  (P h inney, 1984, see a ls o  Ingram e t  , 1984 ) .

In  r ic e  th e  d^ gene is  re s p o n s ib le  f o r  th e  dw arf pheno type o f  the

c u l t i v a r  Tan-g inbozu , and th e  d^ gene f o r  the  dw arf pheno type o f

th e  c u l t iv a r s  W a ito-C  and K o take-Tam an ish ika . These genes are

n o n - a l le l i c  (M urakam i, 1972). The dw arf pheno type is  expressed

from  s e e d l in g  to  m a tu r i ty ,  when m utan ts are  -g to  /5  th e  h e ig h t

o f  norm als (d ^ d "**) (P h inney , 1984). Bo th typ e s  o f  m utan ts w i l l  
X y

respond to  exogenous GAs by norm al g row th . The s t r u c t u r e - a c t i v i t y  

re la t io n s h ip s  o f  exogenous GAs (and GA p re c u rs o rs ) sugges t th a t  

th e re  is  an e a r ly  b lo c k  in  the  GA b io s y n th e t ic  pathway in  d^ s e e d l in g s , 

and a b lo c k  fo r  3 ^ -h y d ro x y la t io n  in  th e  d^ geno type. B ioassays o f  

e x t ra c ts  f a i le d  to  d e te c t GAs from  d^ t is s u e ,  a lth o u g h  G A -like  

substances were d e te c te d  from  d^ and normal type  p la n ts  (M urakam i, 1972)
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GÂ  has been d e te c te d  in  e x tra c ts  o f r ic e  stem t is s u e  by 

GC-SIM (K uroguch i e_t , 1979; Suzuki e ^  a l . ,  1981). The presence 

o f  an e a r ly  1 3 -h y d ro x y la t io n  pathway is  sugges ted by the  GC-MS 

id e n t i f i c a t io n  o f  GA^g in  shoo t e x t r a c t s ,  a lth o u g h  the  te n ta t iv e  

id e n t i f i c a t io n  o f  GA^ from  seed e x t ra c ts  (K uroguch i £ t  , 1979) 

sugges ts  the  a d d i t io n a l presence o f  e i t h e r  an e a r ly  3p -hyd roxy - 

la t io n  pathway o r a la te - h y d ro x y la t io n  pathway in  t h i s  t is s u e .  

Q u a n t i f ic a t io n  o f  GA^g and GÂ  in  shoo ts  o f t a l l  and sem i-dw arf 

c u l t iv a r s  d id  n o t p ro v id e  une q u ivoca l su p p o r t f o r  the  Ph inney 

h y p o th e s is  (S uzuk i et^ a l^ . , 1981).

In  c o n c lu s io n  i t  seems th a t  GAs a re  re q u ire d  f o r  norm al

e lo n g a t io n  o f  shoo ts  in  peas, and t h a t  o n ly  one GA, p ro ba b ly

GA., is  h ig h ly  a c t iv e  in  p rom o ting  e lo n g a t io n . A d d it io n a l su pp o rt
i s

th a t  t h is  h y p o th e s is /te n a b le  comes from  work on a v a r ie ty  o f  o th e r 

s p e c ie s , in  p a r t ic u la r  m aize. However, i t  i s  u n l ik e ly  th a t  GÂ  

is  u n iv e rs a lly  c o n t r o l l in g  stem e lo n g a t io n  in  h ig h e r p la n ts  s in c e , 

f o r  example, 13 -h y d ro x y la t io n  o f  GAs s ig n i f i c a n t l y  reduces t h e i r  

b io a c t i v i t y  in  the  cucumber h y p o c o ty l b ioassay (see C ro z ie r ,  1981),

1 .5 .3 .  PHOTO-INHIBITION OF STEM ELONGATION

L ig h t  causes a c h a r a c t e r is t ic  p a t te rn  o f developmen t in  

p la n ts  termed pho tom orphogenes is. In  the  dark a d i f fe r e n t  

deve lopm en ta l p a t te rn ,  termed sko tom orphogenes is, is  fo llo w e d  

(Mohr and S h ro p sh ire , 1983). These d i f fe r e n t  deve lopm en ta l 

s t ra te g ie s  a re  des igned to  g iv e  th e  maximum chance o f  s u r v iv a l 

under d i f f e r e n t  e nv iron m e n ta l c o n d it io n s .  P la n ts  grown in  the
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l i g h t  th e re fo re  show a number o f  s t r u c tu r a l  d i f fe re n c e s  compared 

to  dark grown p la n ts .  The most o bv ious  o f  these a re  the  in h ib i t io n  

o f  stem e lo n g a t io n  and th e  p rom o tion  o f  le a f  and a p ic a l hook 

expans ion . S ince GAs have been dem ons tra ted  to  cause stem 

e lo n g a t io n  th e re  has been in t e r e s t  in  in v e s t ig a t in g  whe ther they 

have a r o le  in  m e d ia t in g  th e  l ig h t - in d u c e d  in h ib i t io n  o f  stem grow th , 

Went (1941) re p o r te d  th a t  l ig h t  in h ib i te d  stem grow th  and 

a c c e le ra te d  le a f  g row th  in  peas. L o ckh a r t and G o t ts c h a ll (1959) 

re p o r te d  fu r th e r  in v e s t ig a t io n s  in to  the  e f f e c t  o f  l i g h t  on stem 

e lo n g a t io n . They showed th a t  th e  stem grow th  ra te  d e c l in e d  to  

zero  soon a f t e r  t r a n s fe r  o f  dark-g row n peas to  low  o r h ig h  in t e n s i ty  

c o n t in u o u s  red  l ig h t .  In  the  low  in t e n s i ty  the  grow th  ra te  recovered  

to  the  ra te  shown in  th e  dark a f t e r  48-72h. There was a ls o  some 

re co ve ry  in  th e  h ig h  in t e n s i ty  red  l ig h t ,  b u t the  new grow th  ra te  

was le s s  than  th a t  shown by dark-g row n  p la n ts .  L o ckh a r t and G o t ts c h a ll 

a ls o  found th a t  a d a i ly  b u rs t  o f  low  in t e n s i ty  red  l ig h t ,  o f  up to  

100 m inutes d u ra t io n  had l i t t l e  e f f e c t  on stem le n g th .  V ince (1967) 

o b ta in e d  ve ry  s im i la r  r e s u l t s  to  those  o f  L o ckh a r t and G o t ts c h a ll 

(1959) u s ing  bo th  red  and b lu e  l ig h t s .  However, she found th a t  

d a i ly  exposure to  15 m inutes o f  b lu e  o r red  l ig h t  d id  cause i n h ib i 

t io n  on th e  f i r s t  day o f  i l lu m in a t io n ,  b u t n o t on subsequent days. 

F u rth e r c h a r a c te r is t ic s  o f  the  e f f e c t  o f  l ig h t  are  th a t  an 8h 

p h o to p e r io d  i n h i b i t s  stem le n g th  o f peas to  the  same degree as 

lo n g e r p h o to p e r io d s  (L o c k h a r t and G o t ts c h a l l,  1959) and th a t  in  

some spec ies  a p e r io d  o f  exposure to  fa r  red  r a d ia t io n  a t  the  end
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o f  the  p h o to p e r io d  can g re a t ly  s t im u la te  stem grow th  (Downs e t  a l . ,  

1957).

Went (1941) found th a t  when a s in g le  b u rs t  o f  l ig h t  was 

g iven  the  le n g th  o f  some in te rn o d e s  was reduced w h i le  o th e rs  

expanded more, wh ich he in te rp re te d  as compensa tory g row th .

Thomson and M i l le r  (1961, 1962a, 1962b, 1963) re p o r te d  a s e r ie s  

o f  in v e s t ig a t io n s  in to  th e  deve lopm en t o f  cv . A laska  p la n ts  grown 

in  e i th e r  com ple te  darkness o r  in  d a i ly  l ig h t  p e r io d s . They found 

th a t  l ig h t  a c c e le ra te d  grow th  o f  young in te rn o d e s , b u t th a t  

in te rn o d e  grow th  co n t in u e d  lo n g e r in  dark-g row n p la n ts .  They 

p o s tu la te d  th a t  th e  e f f e c t  o f l ig h t  was to  a c c e le ra te  the  

deve lopm en ta l phases. Thus l ig h t  a c c e le ra te d  grow th  o f th e  stem 

apex, a l l  phases in  th e  subsequent deve lopm en t o f le a v e s , and c e l l  

d i f f e r e n t ia t io n ,  d iv is io n  and e lo n g a t io n  in  th e  in te rn o d e s . The 

in h i b i t io n  o f  in te rn o d e  grow th  was v is u a l is e d  as be ing  due to  

an a c c e le ra t io n  o f  th e  m a tu ra t io n  o f  th e  c e l l s ,  so th a t  the  p e r io d  

f o r  in te rn o d e  expans ion by c e l l  d iv is io n  and c e l l  e lo n g a t io n  was 

reduced. T h is  concep t has been supported  by c e r ta in  w o rke rs , 

b u t ques tioned  by o th e rs  (see Gaba and B la ck , 1983).

Thomson and M i l le r  (1963) found th a t  the  in te rn o d e s  o f  l ig h t -  

grown p la n ts  were s h o r te r  due to  a re d u c tio n  in  b o th  c e l l  le n g th  

and c e l l  number. T h is  o ccu rre d  f o r  a l l  stem t is s u e s  ( p i t h ,  c o r te x ,  

phloem and xy le m ), b u t th e  r e la t iv e  im po rtance  o f the  e f f e c t  on 

d iv is io n  o r on e lo n g a t io n  v a r ie d  between t is s u e s .  GA^ has been 

shown to  cause s im i la r ,  b u t re v e rs e , changes in  th e  in te rn o d e s  o f 

l ig h t -g ro w n  dw arf peas (Arney and M a n c in e ll i ,  1966).
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A t le a s t  th re e  p h o to re c e p to rs  a re  p o s s ib ly  a c t iv e  in  p ho to 

m orphogenes is; phy tochrom e, cryp tochrom e and th e  p h o to s y n th e tic  p igm en ts 

(Morgan and S m ith , 1981), I t  i s  u n c le a r wh ich a re  in v o lv e d  in  

th e  p h o to in h ib i t io n  o f  stem grow th  in  pea s e e d l in g s  b u t p h y to 

chrome has been im p lic a te d  (see G a ls to n , 1977). Both phytochrom e 

and cryp tochrom e have been im p lic a te d  in  the  d e - e t io la t io n  o f  

cucumber s e e d l in g s . Cryp tochrome has a ls o  been im p lic a te d  in  

tom a to and le t tu c e  (see Gaba and B la ck , 1983). I f  d i f fe r e n t  

p h o to re c e p to rs  are  in v o lv e d  i t  i s  p o s s ib le  th a t  the y  may have 

d i f fe r e n t  mechanisms o f  a c t io n .  F o r example in  cucumber the  

re co ve ry  from  c ryp tochrom e-m ed ia ted  in h ib i t io n  is  much fa s te r  

than  from  phy tochrom e-m ed ia ted in h ib i t io n  (see Gaba and B la ck ,

1983). A number o f  in v e s t ig a t io n s  in to  the  e f f e c t  o f  w ave leng th  

on th e  p h o to in h ib i t io n  o f  stem e lo n g a t io n  in  pea s e e d lin g s  have 

been re p o r te d  (e .g .  Parker e t  a l . ,  1949; G o r te r , 1961; V in ce ,

1967; E l l i o t ,  1979).

Evidence f o r  th e  p o s s ib le  in vo lvem en t o f  GAs in  th e  pho to 

i n h i b i t io n  o f  stem grow th  comes from  th e  o b s e rv a t io n  th a t  GAs can 

s t im u la te  stem grow th  in  l ig h t -g ro w n  peas. L o c k h a r t (1956) 

p o s tu la te d  th a t  re d u c tio n  o f  stem grow th  caused by l ig h t  was due 

to  e i th e r  i )  i n h ib i t io n  o f  GA b io s y n th e s is ,  i i )  enhanced GA 

breakdown o r i i i )  a decrease in  th e  s e n s i t i v i t y  o f  the  s e e d lin g s  

to  GAs. Dark-grown t a l l  peas do respond to  GA in  the  dark  (e .g .

R e id, 1983; L o c k h a r t, 1956) b u t the  response is  le s s  than  th a t  

o f  dw arf peas.

There is  some co n fu s io n  in  th e  l i t e r a t u r e  about w hether the
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e f fe c t s  o f the  stem d w a rf in g  genes are  expressed in  the  dark as w e ll 

as in  the  l ig h t .  Jones (1 9 73 ), in  a w id e ly  re v ie w , s ta te s

th a t  t a l l  and dw arf peas grow to  a s im i la r  h e ig h t  in  darkness, 

c i t i n g  L o ckh a r t (1956) as evidence o f t h i s .  However, the  o n ly  

com pa r ison o f  h e ig h ts  th a t  can be made from  L o c k h a r t 's  paper 

( f ig u r e  1 and f ig u r e  3) c le a r ly  in d ic a te s  th a t  the  dw arf c u l t i v a r ,  

P rogress N o.9, grows le s s  in  the  dark than the  t a l l  c u l t i v a r  A laska. 

Graebe and Ropers (1978) reach the  same c o n c lu s io n s  as Jones (1973 ), 

c i t in g  the  r e s u l t s  o f  Sale and V ince ( i9 6 0 )  and G o r te r (1961) as 

e v idence . G o r te r (1961) d id  f in d  th a t  c v . A laska and th re e  dw arf 

c u l t iv a r s  grew to  the  same h e ig h t  in  darkness, b u t the  r e s u l t s  o f 

Sale  and V ince ( i9 6 0 ) ,  G ile s  and Myers (1966) and V ince (1967) a l l  

sugges t a d i f fe re n c e  in  h e ig h t  between t a l l  and dw arf c u l t iv a r s  

when grown in  the  d a rk . Care must be taken,when making com pa r isons, 

to  exc lude  l ig h t .  B u t le r  and Lane (1959) found th a t  deve lopmen t 

o f  the  f i r s t  in te rn o d e  o f  broad bean s e e d lin g s  in  the  dark cou ld  

be a ffe c te d  by exposure to  l ig h t  d u r in g  seed m a tu ra t io n  o r d u rin g  

im b ib i t io n .

Re id (1983) re c e n t ly  in v e s t ig a te d  the  e f f e c t  in  the  dark 

o f  in d iv id u a l genes shown to  c o n t ro l in te rn o d e  le n g th  in  l ig h t  

grown peas. He found th a t  a l l  o f  th e  th re e  l o c i  examined. Le ,

La and Na, reduced in te rn o d e  le n g th  in  th e  dark as w e ll as in  the  

l i g h t .  Perhaps in t e r e s t in g ly  developm en t o f  leaves  and o f  the  

a p ic a l hook was g re a te s t in  nana p la n ts ,  le s s  in  dw arfs  and le a s t  

in  the  t a l l  and s le n d e r p la n t s ,  when grown in  the  d a rk .
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In v e s t ig a t io n s  o f  the  le v e ls  o f  GAs in  l ig h t -  and dark-grow n 

p la n ts  have y ie ld e d  c o n f l i c t in g  r e s u l t s .  K oh le r and Lang (1 9 63 ),

Kende and Lang (1964) and Jones and Lang (1968) f a i le d  to  d e te c t 

any d i f fe re n c e s  between the  GAs e x tra c te d  from  dark- and from  l ig h t -  

grown pea p la n ts  o f bo th  t a l l  and dw arf c u l t iv a r s .  However, K oh le r 

(1965b, 1970) re p o r te d  th a t  l ig h t -g ro w n  t a l l  and dw arf c u l t iv a r s  

had h ig h e r le v e ls  o f  GAs than the  co rre sp on d ing  dark-g row n p la n ts .

The s i t u a t io n  is  a ls o  u n c le a r in  o th e r  sp e c ie s , Barendse and Lang 

(1 9 72 ), u s ing  TLC and b io a ssa y , found no d i f fe re n c e  in  th e  f re e  GA 

c o n te n t o f  l ig h t -  and dark-g row n p la n ts  o f two c u l t iv a r s  o f  P h a rb i t is  

n i l , b u t le v e ls  o f  bound GAs were a p p a re n t ly  h ig h e r in  l ig h t -  grown 

p la n ts ,  Sponsel (1983) has p o in te d  o u t th a t  these  r e s u l t s  are  

d i f f i c u l t  to  in t e r p r e t  in  term s o f  the  bound GAs known to  be 

endogenous to  P_. n i l . To da te  p ro ba b ly  the  most r e l ia b le  com parison 

o f  th e  GAs from  l ig h t -  and dark-g row n p la n ts  has been made by Bown 

ejt (1975 ). They found th a t  th e  GA c o n te n t o f l ig h t -g ro w n  t is s u e  

o f  Phaseolus v u lg a r is  was h ig h e r than th a t  o f dark-g row n t is s u e .

A d i f f e r e n t  approach to  th e  p ro b le m .is  to  s tudy  the  ra te  o f  

m e tabolism  o f  GAs in  l ig h t - a n d  dark-g row n  s e e d l in g s , b u t none o f  

th e  in v e s t ig a t io n s  re p o r te d  has been s u f f i c ie n t l y  r ig o ro u s  to  

a llo w  t h is  com parison to  be made (see Bown e t  , 1975), S evera l 

com parisons o f  the  m etabo lism  o f  exogenous GAs in  l ig h t -  and dark - 

grown peas have been made (e .g .  Musgrave and Kende, 1970; Kende, 1967; 

R a il to n ,  1974), b u t these  have n o t  been c o n c lu s iv e . R e su lts  o b ta in ed  

w ith  o th e r spec ies  have been review ed by Sponsel (1 9 8 3 ).
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•.r y,

The o n ly  system f o r  w h ich th e re  is  good evidence o f  l ig h t  

hav ing  an e f fe c t  m edia ted th rough  GA m e tabolism  is  the  p h o to p e r io d ic  

c o n t ro l o f  b o l t in g  in  ro s e t te  p la n ts .  I t  has been sugges ted th a t  

LD s t im u la te  the  c o n ve rs io n  o f  GA^g to  GA^g in  shoo ts  o f  Sp inacea 

oJeracea. T h is  h y p o th e s is  has been supported  by in v e s t ig a t io n s  in to  

th e  endogenous GAs o f  shoo ts  (M etzger and Zeeva^ t (1980b) and by 

s tu d ie s  o f th e  m etabo lism  o f  [^H]GAg^ (G ian fagna e t  a l . ,  1983). 

However, in  Aqrostemma g ith a q o  th e  s i t u a t io n  was le s s  c le a r ,  a ltho u gh  

th e re  was evidence o f  changes in  GA pool s iz e s  on t r a n s fe r  to  LD 

(Jones and Z e e v ^ t ,  1980 ).

I t  i s  u n l ik e ly  t h a t  GAs a re  the  o n ly  fa c to rs  m e d ia tin g  

p'ho tomorphogen ic grow th  in  p la n ts .  Ce G ree f and F re d e r ic q  (1983) 

rev iew ed the  r o le  o f  p la n t  grow th  substances in  pho tom orphogenes is. 

There was evidence f o r  th e  in vo lvem en t o f e th y le n e , c y to k in in s ,  

a b s c is ic  a c id , GAs and a u x in s , b u t th e  mechanisms o f  a c t io n  and 

in te r a c t io n s  o f  these  re g u la to rs  are  unknown. I t  i s  u n c le a r 

w he ther GA a p p l ic a t io n  w i l l  c o m p le te ly  overcome th e  p h o to in h ib i t io n  

o f  stem g row th . V ince (1967) found a d i f fe re n c e  in  h e ig h t  between 

dark- and l ig h t -g ro w n  peas when bo th  were g iven  s a tu ra t in g  doses o f  

GA^, b u t t h is  may have been due to  in h i b i t io n  o c c u rr in g  b e fo re  

th e  GA had an e f f e c t .  Reid (1983) found th a t  s le n d e r p la n ts  (w hich 

respond o n ly  m a rg in a lly  to  GA^, a re  p h e n o ty p ic a lly  s im i la r  to  p la n ts  

t re a te d  w ith  s a tu ra t in g  doses o f  GA^, and are  n o t in h ib i te d  by AMO- 

1618) were s ig n i f i c a n t l y  s h o r te r  in  l i g h t  than in  darkness. GA  ̂

does n o t p re ve n t th e  l ig h t  induced in c re a se  in  in te rn o d e  number 

(V in c e , 1967).
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1 .6 .  SUMMARY AND OBJECTIVES

A number o f  GAs have been d e te c ted  in  peas, bo th  in  seeds 

and in  v e g e ta t iv e  t is s u e s  (see Table 2 ) .  B ioassay evidence has 

a ls o  sugges ted the  presence o f  a GA o f  s im i la r  p o la r i ty  to  GA^, 

b u t GÂ  has o n ly  been id e n t i f ie d  in  peas very re c e n t ly  (Ingram  

e t  a ^ . , 1903̂ \991^). T h is  is  p o s s ib ly  because dw arf c u l t iv a r s  had 

been used in  p re v io u s  e xpe rim en ts . The s t r u c tu re s  o f  GAs id e n t i 

f ie d  as endogenous in  peas, and i j i  v i t r o  s tu d ie s ,  have sugges ted 

th e  presence o f two pathways from  GA^^ a ldehyde to  C^g-GAs, an 

e a r ly  13 -h y d ro x y la t io n  pa th  and a n o n -h y d ro x y la te d  pa th  (see 

S ponsel, 1983).

A p p lic a t io n  o f GAs to  peas can cause d ra m a tic  stem e longa 

t io n  (e .g .  B r ia n  and Hemming, 1955). L ig h t  can cause a marked 

re d u c t io n  in  the  ra te  o f  stem e lo n g a t io n  (e .g .  Went, 1941; V ince , 

1967 ), b u t most in v e s t ig a t io n s  have f a i le d  to  d e te c t a cons^^en t 

d i f fe re n c e  between th e  GAs e x tra c te d  from  l ig h t -  and dark-grow n 

t is s u e  o r from  t a l l  and dw arf c u l t iv a r s  (e .g .  Kende and Lang, 1964; 

K o h le r, 1970). T h is  is  p o s s ib ly  because o f  the  inadequa te  n a tu re  

o f  the  tech n iq ue s  emp loyed (see C ro z ie r ,  1981). I t  i s  o n ly  re c e n t ly  

th a t  Reid e t  have p resen ted  evidence  o f  a d i f fe re n c e  in  GA 

c o n te n t between t a l l  and dw arf pea c u l t iv a r s  (P o t ts  ejt a l . ,  1982a; 

P o t ts  and R e id, 1983; Ingram e t  a l . ,  1983, l9S4't>).

The o b je c t iv e s  o f  th e  work p resen ted  were:

(1 ) To in v e s t ig a te  and id e n t i f y  the  endogenous GAs o f  the  t a l l  

c u l t i v a r  A laska . P re v io us  in v e s t ig a t io n s  had o n ly  id e n t i f ie d  the  

endogenous GAs found in  dw arf c u l t iv a r s .  F u r th e r ,  e a r l ie r  r e s u l t s
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had sugges ted  th e  presence o f a b io lo g i c a l ly  a c t iv e  p o la r  compound, 

s im i la r  to  GA^, in  peas, b u t no such compound had been id e n t i f ie d  

u n t i l  very  re c e n t ly  ( Ingram e t  a_ l., 1983,

( 2 ) To compare the  endogenous GAs o f t a l l  and dw arf c u l t iv a r s ,

o f  bo th  l ig h t - a n d  dark-g row n peas. No c o n s is te n t d if fe re n c e s  

had been found between the  le v e ls  o f  GAs d e te c ted  in  l ig h t -g ro w n  

and in  dark-grow n t is s u e  (e .g . Kende and Lang, 1964; K o h le r, 1970), 

and o n ly  re c e n t ly  have Re id e_t p resen ted  evidence  o f  a d i f fe re n c e  

in  GAs between t a l l  and dw arf c u l t iv a r s  (P o t ts  e t  a l . , 1982a;Ingram  

e t  a l . ,  1 9 8 3 , Many o f th e  e a r ly  exper im en ts  used crude 

te c h n iq u e s , which m igh t have been inadequa te  to  d e te c t any d i f fe re n c e s  

p re s e n t .  The more s e n s i t iv e  and a ccu ra te  tech n iq ue s  th a t  have now 

been developed made a fu r th e r  in v e s t ig a t io n  p e r t in e n t .

( 3 ) To s tud y  th e  in  v iv o  pathways o f C^g-GA m e tabo lism . U n t i l

th e  re c e n t work o f  G ianfagna e t  aJ^. (1983) the  re p o r ts  by D u r le y  

e t  a l . (1974a ,b) o f  th e  co n ve rs io n  o f [^H]GA^^ to  [^H]GA^ re p re 

sen ted  th e  o n ly  i j i  v iv o  dem on s tra tion  o f  th e  co nve rs io n  o f a C^g-GA 

to  a C^g-GA. I t  was dec ided to  re p e a t and ex tend t h is  work, us ing  

[^H]GA ^ 2  a ldehyde as a s u b s tra te  in  a d d i t io n  to  [^H ]G A^^. [^hJGA^^ 

a ldehyde has been shown to  be syn th e s ise d  in  c e l l - f r e e  systems from  

peas (Ropers e]t a l^ ., 1978) and is  tho u gh t to  be an in te rm e d ia te  in  

th e  s y n th e s is  o f  GAs in  peas and in  o th e r spec ies  (see Hedden, 1983).

( 4 ) To compare the  m etabolism  o f  [^H]GAg and [^HjGA^g in  shoo ts

o f  t a l l  and o f  dw arf peas. GAg and GA^g have been id e n t i f ie d  in  

peas (see Table 2) and may be th e  p re c u rs o rs  o f th e  o th e r  C^g-GAs
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found in  peas. I t  has been sugges ted th a t  one cause o f dw arfism  

in  peas is  the  i n a b i l i t y  to  3 /^ h y d ro x y la te  GAs (see Ingram  e t  a l . , 

1984 ) .  A com par ison o f  th e  in  v iv o  p ro du c ts  produced from  [^H IGA^q 

and [^H]GAg, in  t a l l  and in  dw arf peas, m igh t p ro v id e  a d d i t io n a l 

in fo rm a t io n  to  he lp  assess t h is  h y p o th e s is .
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2 .1 . PLANT MATERIAL

Seeds o f  Pisum sa tivum  L. cu , A laska , M e teor and P rogress 

N o.9 ( S in c la i r  M c G ill L td . ,  B os ton, L in c o ln s h ire )  were soaked in  

ru n n in g  tap  w a te r f o r  6 -8h , p laced  in  e i th e r  l ig h t  or darkness a t  

25°C ± 2°C and germ ina ted  f o r  72h between sheets o f m o is t t is s u e ,  

b e fo re  be ing t ra n s fe r re d  to  a e ra te d  d i s t i l l e d  w a te r c u l tu r e  f o r  

fu r th e r  grow th .

Dark-grown p la n ts  were handled under l ig h t  from  a SOW warm 

w h ite  f lu o re s c e n t  tu b e , covered in  a s in g le  la y e r  o f  a p r im a ry  green 

"C inem o id" f i l t e r .  p la n ts  were grown 1m below

a bank o f 24 "A t la s "  warm w h ite  (SOW) f lu o re s c e n t  l ig h t s  and 

tw e lve  4ÜW in candescen t l ig h t s  g iv in g  an in t e n s i ty  o f  92Wm  ̂

a t  p la n t  le v e l .  The h e ig h ts  o f  p la n ts  were measured from  the  

c o ty le d o n a ry  node to  th e  te rm in a l v is ib le  node.

2 .2 . APPLICATION OF [^H]GAs , EXTRACTION AND PARTITIONING

PROCEDURES

D e ta i ls  o f  the  ra d io a c t iv e  [^H]CAs used f o r  feeds a re  

g ive n  in  ta b le  3 . The [^H]CAs were a p p l ie d  to  th e  te rm in a l 

bud o f Pisum se e d lin g s  in  a 5mm̂  d ro p le t  o f  50?& aqueous e th a n o l. 

O ccas iona l v a r ia t io n s  in  t h i s  p rocedure  are  o u t l in e d  when 

in d iv id u a l feeds are  d e s c r ib e d .
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TABLE 3. D e ta i ls  o f [^H]GAs used f o r  fe e d s .

G ib b e re l l in  S p e c i f ic  A c t i v i t y  P re p a ra t io n

[2,3-3H ]G Ag 50 CimM“ ^ Yokota e t  aĴ . (1976)

[ 17-^H]GA^2 a ldehyde 15 mCimM"^ Cross e t  (1966)

[ 17-"H]GA^^ 35 mCimM"^ Cross e t  (1968)

[2 ,3 -:H ]G A 2o 1 .8  GimM"^ M u ro fush i e t (1977)

B e fo re  e x t r a c t io n  the  area around the  p o in t  o f  a p p l ic a t io n  

o f  [^H]GAs was u s u a lly  r in s e d  w ith  50% EtOH. The f r a c t io n  o b ta in ed  

was reduced to  d ryness ^  vacuo a t  40°C and ana lysed  by HPLC.

On h a rv e s t in g  dark-g row n t is s u e  was fro z e n  in  l iq u id  n itro g e n  in  

darkness, and taken  to  th e  la b o ra to ry  f o r  im m ed ia te e x t r a c t io n .

P la n t  t is s u e  was e x tra c te d  by hom ogen isa tion w ith  c o ld  MeOH. 

The homogenate was f i l t e r e d  and the  re s id u e  re p e a te d ly  re -e x t ra c te d  

w ith  fre s h  MeOH u n t i l  a lm os t homogeneous and c o lo u r le s s .  The 

combined MeOH e x t ra c ts  were reduced to  the  aqueous phase i j i  vacuo 

a t  4D°C and an excess o f  pHB 0..5M phospha te b u f fe r  added. The 

c o n c e n tra t io n  o f  the  t is s u e  e q u iv a le n t  in  th e  b u f fe r  was a lways 

le s s  than  1 g f . w t .  cm

In  i n i t i a l  expe r im en ts  th e  aqueous phase was p a r t i t io n e d  

a g a in s t  to lu e n e , b u t i t  was found th a t  on occas ions the  to lu e n e  

removed a v a r ia b le  b u t s ig n i f ic a n t  p ro p o r t io n  o f  th e  n o n -p o la r GAs
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from  an e x t r a c t .  P e tro leum  e th e r ( b o i l in g  range 40~6G°C) was 

subsequen tly  used. The aqueous phase was p a r t i t io n e d  a g a in s t  h a l f  

volumes o f the  o rg a n ic  s o lv e n t  u n t i l  the  b u lk  o f  th e  green c o lo u r 

had been removed.

The aqueous phase was f i l t e r e d  th rough  c e llu lo s e  powder.

Most e x tra c ts  were then  s lu r r ie d  f o r  30 min w ith  ca. SGmgcm  ̂

in s o lu b le  p o ly v in y lp y r ro l id o n e  (PVP). The PUP was f i l t e r e d  o f f

and the  aqueous phase a d ju s te d  to  pH2.5 w ith  50% s u lp h u r ic  a c id ,

2p r io r  to  p a r t i t io n in g  w ith  5 x /5  volumes o f EtOAc, In  some 

exper im en ts  the  aqueous phase was subsequen tly  p a r t i t io n e d  a g a in s t  

5 x /5  volumes o f b u ta n - l - o l .

The EtOAc e x tra c ts  were combined. T y p ic a l ly  the  f r a c t io n  

was fro z e n  and the  ic e  removed by f i l t r a t i o n .  The f i l t r a t e  was 

then  fu r th e r  d r ie d  w ith  anhydrous sodium s u lp h a te , f i l t e r e d  and
f

a sm a ll volume o f to lu e n e  added p r io r  to  re d uc in g  the  EtOAc to  

d ryness jjn  vacuo a t  40°C.

E x tra c ts  were s to re d  a t  ~20°C. O xygen-free  n it ro g e n  was 

used to  evapora te  o f f  s m a ll volumes o f  s o lv e n t .  A l l  s o lv e n ts  

used were e i th e r  g la s s  d i s t i l l e d  o r o f  h ig h e r p u r i ty .

2 .3 . DEAE-A25 ANION EXCHANGE CHROMATOGRAPHY

DEAE-A25 Sephadex (Pharm acia F ine Chem icals) was sw o llen  

o v e rn ig h t  in  w a te r and then  washed f o r  1h p e r io d s  w ith  0.5M sodium 

h yd ro x id e , fo llo w e d  by 0.5M h y d ro c h lo r ic  a c id , b e fo re  be ing l e f t  

o v e rn ig h t  in  1M sodium a c e ta te . The g e l was subsequen tly
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e q u i l ib r a te d  in  0.2M a c e t ic  acidcMeOH (1:1 v /v )  and poured in to  

a g la ss  column w ith  f r i t t e d  base. The column s iz e  was dependent 

upon the  w e ig h t o f the  e x t r a c t ,  ra n g in g  from  50 x 10mm fo r  the  

combined e x t ra c ts  o f the  [^HjOAg feeds (each sam ple : about 2Gmg), 

up to  190 X 40mm fo r  the  la rg e  sc a le  e x t ra c t io n  o f  the  endogenous 

GAs o f cv . A laska (sam ple : 7 .6 g ) .

Large e x t ra c ts  were d is s o lv e d  in  w a te r and a d ju s te d  to  pH8 

w ith  0.2M sodium h y d ro x id e . An equa l volume o f MeOH was then  

added and the  e x tra c t  a p p l ie d  to  the  colum n. Sm all e x t ra c ts  

were d is s o lv e d  d i r e c t l y  in  0.2M a c e t ic  acid:MeOH (1:1 v /v )  and 

a p p l ie d  to  the  colum n. N e u tra l and weakly a c id ic  im p u r i t ie s  were 

e lu te d  w ith  fo u r  vo id  volumes o f  0.2M a c e t ic  acid:MeOH (1:1 v / v ) .  

The GAs were then e lu te d  w ith  two v o id  volumes o f 2M a c e t ic  a c id :  

MeOH (1:1 v / v ) .  F ra c t io n s  were c o lle c te d  and a l iq u o t s  taken fo r  

l i q u id  s c i n t i l l a t io n  c o u n tin g . The f r a c t io n s  c o n ta in in g  the  

g ib b e r e l l in s  were combined and reduced to  the  aqueous phase in  

vacuo a t  40°C. The aqueous phase was a d ju s te d  to  pH2.5 and 

p a r t i t io n e d  a g a in s t  5 x /5  volumes o f  EtOAc, which were combined 

and reduced to  d ryness.

2 .4 . GEL PERMEATION CHROMATOGRAPHY

E x t ra c ts  were d is s o lv e d  in  up to  1.5cm^ o f  te tra h y d ro fu ra n  

( t h e ) and in je c te d  on to  two 25 x 1000mm columns o f  B io-Beads SX-4,
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connec ted in  s e r ie s  (see C ro z ie r ,  1981). The columns were e lu te d  

w ith  THF a t  a f lo w  ra te  o f  2cm^ m in "^ . The THF was f r e s h ly  

d i s t i l l e d  a f t e r  r e f lu x in g  over copper I  c h lo r id e  f o r  30 m in. 

F ra c t io n s  o f  e lu e n t were c o lle c te d  and assayed fo r  r a d io a c t iv i t y .  

F ra c t io n s  a sso c ia te d  w ith  ra d io a c t iv e  maxima were combined and 

reduced to  dryness in  vacuo a t  4D°C.

The system has a t o t a l  volume (Vy) o f  630cm^ and a l l  

compounds are  e lu te d  b e fo re  t h i s .  [^H]GAg and [^H]GA^^ have 

re te n t io n  volumes (V^,) o f 55Gcm^ and 44Gcm^ re s p e c t iv e ly ,  w ith  

peak w id th s  o f  ca, 4Gcm^.

2 .5 , SEP-PAK C CARTRIDGES

The Sep-Pak C ^g C a rtr id g e  (W a ters A ssoc ia te s  In c . )  was 

washed w ith  2cm^ MeGH and 5cm^ w a te r. The e x t r a c t  was d is s o lv e d  

in  5cm^ o f 7G% MeOH in  pH3.5 ammonium a c e ta te  (2GmM) and f lu s h e d  

th rough  the  c a r t r id g e .  A fu r th e r  5cm^ o f s o lv e n t  was washed 

th rough  and added to  the  e x t r a c t .  A f te r  rem oval o f  th e  MeGH 

in  vacuo a t  40°C th e  sample was fro z e n  and fre e z e  d r ie d .  

R ecover ies o f  [^H]GA s tandards  were c a .95%. I

2 .8 .  PREPARATIVE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

The sample was d is s o lv e d  in  EtOAc and in je c te d  on to the  

column ( e i th e r  10 x 450mm P a r t i s i l  10jjm s i l i c a ,  o r 10 x 250mm
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. r. ...

H y p e rs i l 5jjm s i l i c a )  v ia  a 33Gmm  ̂ sample lo o p . The s i l i c a  had 

a 40% uj/v lo a d in g  o f  1M a c e t ic  a c id , and the  column was e lu te d

w ith  v a ry in g  amounts o f  EtOAc in  hexane a t  a f lo w  ra te  o f 5cm

min . The system has been f u l l y  desc r ibe d  by Reeve and C ro z ie r 

(1978 ).

2 .7 . ANALYTICAL HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

S o lven ts  were n o rm a lly  d e l iv e re d  a t  Icm^ min  ̂ by an 

A lte x  Model 332 g ra d ie n t  l i q u id  chrom a tograph. Samples were 

in je c te d  o ff-c o lu m n  from  a 250mm^ sample lo o p . For reve rse  

phase HPLC a 250 x 5mm column packed w ith  5jjm O D S-H ypers il was 

e lu te d  w ith  v a ry in g  r a t io s  o f  MeOH in  20mM pH3.5 ammonium 

a c e ta te . When the  absorbance o f the  column e lu e n t was 

m on itored  a t  21Onm a b u f fe r  o f  20mM pH3.5 o r th o p h o sp h o r ic  a c id  

was sometimes s u b s t itu te d  f o r  th e  ammonium a c e ta te  b u f fe r .  

B u f fe rs  were p u r i f ie d  by passage th rough  a 100 x 10mm column 

c o n ta in in g  lO^jm ODS s i l i c a  g e l.

Normal phase ana lyses were c a r r ie d  o u t on a 250 x 5mm 

column c o n ta in in g  a 5^m C P S -H ypers il su pp o rt u s in g  a te rn a ry  

s o lv e n t  o f  v a ry in g  r a t io s  o f  d ich lo rom e thane , hexane and e th a n o l 

The fo l lo w in g  d e te c to rs  were used, e i th e r  s in g ly  o r in  

s e r ie s : -
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a) Adapted ICN T ra c e r la b  Manual S c i n t i l l a t io n  S pec trom e te r 

w ith  a homogeneous AOOmm̂  f lo w  c e l l  (See Reew,e and C ro z ie r ,

1977). A 10s tim e  c o n s ta n t  was used. S c i n t i l l a n t  was d e l iv e re d  

by a Reeve A n a ly t ic a l L td .  reagen t d e l iv e ry  pump. A s c i n t i l l a n t  

composed o f  1Og 2 ,5 -d ip h e n y lo x a z o le ,(P P O ), 330cm^ T r i to n  X-100, 

S7Dcm^ xy lene  and ISOcm^ MeOH was used f o r  re ve rse  phase ana lyse s . 

A 3:1 s c i n t i l l a n t - e lu e n t  r a t io  was co m p a tib le  w ith  a l l  m ob ile 

phase c o n d it io n s  and gave a c o u n tin g  e f f ic ie n c y  o f  15-20% fo r  

t r i t i u m .  The m ob ile  phase from  norm al phase HPLC columns was 

mixed w ith  a s c i n t i l l a n t  c o n ta in in g  12g PPO, 15Dg n ap tha lene ,

50cm^ T r i to n  X-100 and 1.0dm^ d i s t i l l e d  to lu e n e . An e f f ic ie n c y  

o f  c a .25% fo r  t r i t i u m  was o b ta in e d  w ith  a 2:1 s c in t i l la n t - e lu e n t  

r a t io .

b) P e rk in -E lm e r 650-105 f lu o re s c e n c e  spec tropho tom e te r w ith

a 1Bmm  ̂ f lo w  c e l l .  E x c i ta t io n  and em iss ion  w ave leng ths were s e t 

a t  320nm and 400nm re s p e c t iv e ly  f o r  a n a ly s is  o f  GA-methoxycoumaryl 

e s te rs .

c )  Pye Unicam PU4020 v a r ia b le -w a v e le n g th  s ing le -beam  absorbance 

m o n ito r f i t t e d  w ith  a Bmm̂  f lo w  c e l l ,  o p e ra t in g  a t  e i th e r  21Onm o r 

254nm.

When m o n ito rs  were used in  s e r ie s  peaks were d e te c ted  by 

the  r a d io a c t iv i t y  m o n ito r 18s a f t e r  d e te c t io n  by the  s p e c tro 

pho tom e te rs . R e te n tio n  tim es  g ive n  a re  c o rre c te d  f o r  t h is  d e la y .
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2 .8 . BIDA5SAY5

a) B a rle y  a leurone  b ioassay

The method used was s im i la r  to  th a t  d esc rib e d  by N ic h o lls  

and Paleg (1 9 63 ). Seeds o f  Hordeum v u lq a re  cu. Kym were dehusked 

in  50% s u lp h u r ic  a c id . Four em bryo-less h a l f  seeds were p laced  

in  a 20cm^ g la ss  v ia l  and Icm^ o f t e s t  s o lu t io n  added. GA  ̂ s tandards  

from  4 X 10~^ to  10°jjgcm*"^ were a lso  assayed. A l l  s o lu tio n s

were assayed in  d u p l ic a te .  Reducing sugars were measured a f t e r  

4Dh in c u b a t io n  a t  25°C, u s in g  the  Som ogy i-Nelson method, as 

d esc r ibe d  by Paleg ( i9 6 0 ) .

b) L e ttu c e  h y p o c o ty l b ioassay

The method used was s im i la r  to  th a t  o f  B r ia n  e t  a l . (1964 ).

Seeds o f  Lac tuca s a t iv a  cu. A r c t ic  K ing were germ ina ted  on m o is t 

f i l t e r  paper in  darkness a t  25°C. Tes t substances were d is s o lv e d  

in  3cm^ o f  d i s t i l l e d  w a te r in  4.5cm d iam e te r g la s s  p e t r i  d ishes  

c o n ta in in g  f i l t e r  pape r. GA  ̂ s tandards  from  10  ̂ to  10°jjgcm  ̂

were assayed. Ten s e e d lin g s  were p laced  in  each d is h . H ypoco ty l 

le n g th s  were measured a f t e r  72h in c u b a t io n  in  the  l ig h t  a t  25°C.

c ) Dwarf r i c e  m ic rod rop  b ioassay

The method used was s im i la r  to  th a t  o f Murakami (1 9 70 ),

Seeds o f  Oryza s a t iv a  cv . T a n -g in b o z u  were soaked f o r  40h in

d i s t i l l e d  w a te r then  p la n te d  on 1% agar in  30cm^ Bea ton ja r s .
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A f te r  A8h grow th  in  the  l ig h t  a t  32°C Imtn^ o f 50% EtOH c o n ta in in g  

th e  te s t  substance was a p p l ie d  to  th e  ju n c t io n  o f  th e  b lade  and 

shea th  o f the  f i r s t  le a f .  GA  ̂ s tandards  from  10 ^ to  1Q°^gmm  ̂

were a ls o  assayed. F ive  r e p l ic a te  p la n ts  were used f o r  each 

tre a tm e n t. A f te r  a fu r th e r  72h the  le n g th  o f the  f i r s t  le a f  

shea th  was measured.

T y p ic a l s tandard  curves f o r  th e  b ioassays a re  shown in  

f ig u r e  5.

2 .9 . GA.̂  RADIOIMMUNOASSAY

The rad io immunoassay o f A tzo rn  and UJe iler (1983) was used. 

The in c u b a t io n  m ix tu re s  co n ta in e d  0 ,1 cm^ m e thy la te d  sample o r 

s ta n d a rd , 0.5cm^ b u f fe r  (O .O Ifl phospha te , 0 .1 5M NaCl, pH 7 .4 ), 

0.2cm^ d i lu te  ( d i lu te d  1 :7 )  bov ine serum, 0 .1 cm^ d i lu t e  a n t i 

serum and c ^  7000cpm [l,2 -^H ]G A ^  m e thy l e s te r  (3 8 .2  Cimmol  ̂ ) .  

S tandards co n ta in e d  from  0.07pm ol to  5pmol o f  m e thy la te d  GA^. 

Samples and s tanda rds  were assayed in  t r i p l i c a t e .  A f te r  m ix ing  

tubes were in cu ba ted  f o r  2h a t  room tem pe ra tu re , and th e  a n t ib o d y - 

a n t ig e n  complex separa ted  from  f re e  a n t ig e n  by the  a d d it io n  o f  

1.25cm^ o f  91% s a tu ra te d  ammonium s u lp h a te  s o lu t io n .  A f te r  

30 min a t  room tem pera tu re  the  tubes were c e n tr i fu g e d ,  th e  

su pe rn a ta n ts  decan ted and the  p e l le t s  resuspended in  1cm^ o f  50% 

ammonium s u lp h a te . The tubes were re -c e n tr i fu g e d ,  the  supe rn a ta n t
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d isca rde d  and the  p e l le t  d is s o lv e d  in  O.ZScm^ d i s t i l l e d  w a te r. 

1cm^ s c i n t i l l a n t  (K o c h -L ig h t L td .  "M in is o lv e " )  was added and 

samples counted f o r  2 m in.

Data was ana lysed  as desc r ibe d  by A tzo rn  and UJe iler (1983) 

S tandard curves were p lo t te d  as lo g i t  r e la t iv e  t ra c e r  b in d in g  

(*^/Bo ) a g a in s t  the  lo g a r ith m  o f  the  amount o f u n la b e lle d  

m e thy la te d  GA.̂  s ta n d a rd . A ty p i c a l  s tanda rd  curve  i s  shown in  

f ig u r e  5.

2 .1 0 . LIQUID SCINTILLATION COUNTING

A liq u o ts  were counted in  Bcm^ p la s t ic  v ia ls  c o n ta in in g  

Scm^ o f a s c i n t i l l a n t  composed o f  5g 2 ,5 -d ip h e n y lo x a z o le , 0.3g 

1 ,4 -B iS “ 2 (4 -m e th y l-5 -p h e n y lo x a z o le ) b e n ze n e ,(d im e th y l POPOP), 

200cm^ T r i to n  X-100 and 800cm^ o f d i s t i l l e d  to lu e n e . Samples 

were counted in  an LKB 1211 M in ib e ta  l iq u id  s c i n t i l l a t io n  co u n te r.

A l l  counts p resen ted  f o r  the  [^^ jC ^^-G A  feeds are  in  counts 

per m inute  (cpm ), w ith  no c o r re c t io n  fo r  the  c o u n tin g  e f f ic ie n c y .  

In  a l l  the  o th e r expe rim en ts  co u n tin g  ra te s  were c o rre c te d  f o r  

the  c o u n tin g  e f f ic ie n c y  and th e  r e s u l t s  are  g iven  in  d is in te g r a 

t io n s  pe r m inute  (dpm). C o rre c t io n  fo r  co u n tin g  e f f ic ie n c y  was 

e i t h e r  by a d d it io n  o f  an in t e r n a l  s tandard  o r by the  sample 

channe ls r a t io  method. There was ve ry  good agreemen t between 

th e  r e s u l t s  o f  these  two methods when the y  were compared.

A s tandard  curve  f o r  the  sample channels r a t io  (SCR) method
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was o b ta in e d  us ing  [ ]-hexadecane quenched w ith  v a ry in g  amounts 

o f  c h lo ro fo rm . For th e  in te r n a l s tandard  method 4 a l iq u o ts  o f  

each sample were coun ted . Two o f  these re p l ic a te s  were counted 

a f t e r  a d d it io n  o f  ca .3 0 ,00 0  dpm o f [^H]GAg in  5mm̂  o f  MeGH. The 

in t e r n a l  s tandard  method was o n ly  used to  c o r re c t  a few o f  the  

coun ts  o f the  [^HjGAg feeds .

2 .1 1 . PREPARATION OF DERIVATIVES

a) Me thoxycoum aryl e s te rs

Methoxycoum aryl e s te rs  were prepared  as d esc r ib e d  by C ro z ie r 

and D u r le y  (1983) and C ro z ie r ejk a l.  (1982 ). E x t ra c ts  were re a c te d  

w ith  4-brom om e thyl-7-m e thoxycoum ar in  (BMMC) and 18-Crown-B in  

10Gmm  ̂ o f d ry  ace tone c o n ta in in g  a c r y s ta l o f  po tass ium  ca rb on a te , 

1 mmol BMMC and 10O^mol IS-Crown-S were used per mg o f  e x t ra c t  

w e ig h t. The re a c t io n  m ix tu re  was in cu ba ted  f o r  2h a t  6D°C, the  

s o lv e n t  evapora ted  o f f  and th e  re s id u e  d is s o lv e d  in  d i s t i l l e d  

w a te r , GACEs were e x tra c te d  by p a r t i t io n in g  in to  c h lo ro fo rm .

b) M e thy l e s te rs

Compounds were m e thy la te d  us ing  an e th e r ia l s o lu t io n  o f  

d iazome thane p repared us in g  a m o d i f ic a t io n  o f th e  method o f 

Schlenk and G ellerm an (1 9 6 0 ). A pp rox im a te ly  O.Sg N ^-m e th y l-IN -n itro -^  

to lu e n e  su lphonam ide was p laced  in  a 1D0cm^ c o n ic a l f la s k  w ith  

s id e  arm a tta ch m e n t. To t h is  was added lOcm^ d ie th y l  e th e r ,  1cm^
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m e thoxye thano l and 3cm^ co n ce n tra te d  po tass ium  h y d ro x id e . The 

f la s k  was s toppered  and hea ted in  a h o t w a te r b a th . The open 

end o f  the  s id e  arm was p laced  under ca. lOcm^ d ie th y l  e th e r in  

a f la s k  coo led  in  ic e .  On h ea t in g  the  re a c t io n  m ix tu re  d ia z o 

methane gas and d ie th y l  e th e r d i s t i l l e d  over and d is s o lv e d  in  

th e  c o ld  e th e r .  The s o lu t io n  was used when an in te n s e  y e llo w

c o lo u r  had deve loped.
f o r  m é th y la t io n  

Each sample/was d is s o lv e d  in  100mm MeOH and 100mm o f

d iazome thane s o lu t io n  p r io r  to  in c u b a t io n  a t  0°C f o r  30 m in.

The s o lv e n t  was then  evapora ted .

2 .1 2 . COMBINED GAS CHROMATOGRAPHY-MASS SPECTROMETRY

GC-MS ana lyses to  d e te c t the  endogenous GAs o f cv . A laska 

were c a r r ie d  o u t by O r. P. Hedden, Eas t M a i l in g  Research S ta t io n .  

Analyses o f  th e  f r a c t io n s  from  th e  feed  o f  [^H]GA^^ were perform ed 

by O r. L . R iv ie r ,  U n iv e rs ity  o f  Lausanne, S w itz e r la n d .

P r io r  to  GC-MS m e thy la te d  samples were t r im e th y ls i la t e d  

w ith  N ,0 -b is  ( t r im e th y ls i l y l ) t r i f lu o r o a c e ta m id e  f o r  30 min a t  90°C, 

GC-MS ana lyses to  d e te c t endogenous GAs in  the  cv . A laska 

e x t ra c t  (s e c t io n  3 .3 . )  were c a r r ie d  o u t us ing  a VG1212 mass 

sp ec tro m e te r coup led  to  a Oan i 3800 HR gas chrom a tograph and a 

Oan i 2015 da ta  sys tem . Samples were in je c te d  on to  a fused  s i l i c a  

column (25m x 0.2mm), coa ted  w ith  a BP-1 s ta t io n a ry  phase, 

connec ted d i r e c t l y  to  the  io n  source . The tem pe ra tu re  programme

71



-1rose  b a l l i s t i c a l l y  from  5G°C to  24G°C, and a t  4°C min from 

24G°C to  300°C. The he lium  i n l e t  p ressu re  was BGKPa,

The source io n is a t io n  energy, em iss ion  c u rre n t and tem pera tu re  

were re s p e c t iv e ly  70eU, 1OOpiA and 2D0°C. There was a 2 .2  s 

scan t im e . GAs were id e n t i f ie d  by com parison o f  the  sp e c tra  

o b ta in e d  w ith  s p e c tra  o f  a u th e n t ic  GA s tandards  ana lysed under 

the  same c o n d it io n s  as used f o r  the  e x p e rim e n ta l ana lyse s .

GC-MS ana lyses o f  f r a c t io n s  p u r i f ie d  from  the  e x tra c t  

o f  [^H]GA^^ fed  p la n ts  (s e c t io n  3 .5 ) were c a r r ie d  o u t us ing  

a H ew le tt-P acka rd  Model 5985A combined GC-MS. Samples were 

in je c te d  on to a fused s i l i c a  c a p i l la r y  column (25m x G.3m), 

w itb  a s ta t io n a ry  phase s im i la r  to  SE-54 (H e w le t t-P a c k a rd ), 

connec ted d i r e c t l y  to  the  io n  so u rce . The tem pera tu re  programme 

was is o th e rm a l a t  1GG°C f o r  1 min and then  10°C /m in to  26G°C, 

w ith  a h e lium  in l e t  p ressu re  o f  SGKPa. The io n  source

io n is a t io n  energy was 7GeV and the  em iss ion c u r re n t  3GGjjA.

The source tem pera tu re  was 2GG°C, Mass s p e c tra  were c o lle c te d  

every 1 .2 s ,

The re s u l t s  from  the  [^H]GA^^ a n a ly s is  were ana lysed as 

fo l lo w s .  The mass s p e c tra , o f  peaks o f  the  t o t a l  io n  c u rre n t 

tra c e  th a t  were la rg e r  than 0.5% o f th e  base peak s iz e ,  were 

compared by the  computer w ith  a l i b r a r y  c o n ta in in g  re fe re n c e  

s p e c tra  o f  the  MeTMSi d e r iv a t iv e s  o f  GÂ  to  GAg^» These re fe re n ce  

s p e c tra  were k in d ly  p ro v id e d  by P ro fe sso r J . M acM illan  (U n iv e rs i ty  

o f  B r is t o l ) .  Both fo rw a rd  and re ve rse  l i b r a r y  searches were

I
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perform ed and id e n t i f i c a t io n s  mere based on a s im i la r i t y  index 

h ig h e r than 0 .9 S -(a b s o lu te  id e n t i t y  had an index  o f 1) to g e th e r 

w ith  d i r e c t  com pa r ison w ith  a u th e n t ic  s tandards run under the  

a n a ly t ic a l GC-HS c o n d it io n s .

7 3
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3 .1 . GROWTH OF EXPERIMENTAL PLANTS

T y p ic a l grow th  cu rves  f o r  l ig h t -  and dark-g row n peas a re  shown 

in  f ig u r e  6. The grow th  ra te s  appear to  be l in e a r  a t  an e a r ly  age. 

I t  was n o t ic e d  th a t  l ig h t -g ro w n  s e e d lin g s  o f the  cv . A laska grown 

f o r  the  e a r l ie r  expe r im en ts  were t a l l e r  than  p la n ts  o f an e q u iv a le n t  

age grown f o r  the  la t e r  e xpe rim en ts . The d i f fe re n c e  in  h e ig h t  was 

q u ite  la rg e  (mean h e ig h t  o f  11 e a r ly  ba tches , 44 ± 0.9mm; mean 

h e ig h t  o f 8 la t e r  ba tches , 34.1 ± 1 ,5mm; 40 p la n ts  from  each ba tch  

o f  ten  day o ld  p la n ts  m easured). No d i f fe re n c e  in  h e ig h t  was 

appa ren t between cv . A laska p la n ts  grown in  the  dark from  the  

e a r l ie r  and the  la t e r  ba tches o f  seed.

The cause o f the  d isc re pa n cy  may be a d i f fe re n c e  in  the  

seed used, s in c e  th e  c v . A laska seeds used in  the  la t e r  experim ents 

were o f a d i f fe r e n t  ba tch  from  th e  seed s u p p l ie rs .  The f i r s t  ba tch  

o f  cv . A laska seeds was used f o r  [^H]GA^^ m e tabo lism  s tu d ie s ,  and 

a ls o  accounted f o r  h a l f  the  t is s u e  e x tra c te d  in  s e c tio n  3 .3 . The 

la t e r  ba tch  o f  seeds was used f o r  a l l  o th e r  e xpe rim en ts . A l l  

s e e d lin g s  o f  cv . P rogress N o .9 were grown from  a s in g le  ba tch  o f 

seeds, as were those o f  cv . M e teor. No d i f fe re n c e  in  h e ig h t  was 

found between groups o f these  s e e d lin g s  grown a t  d i f f e r e n t  t im e s .
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FIGURE 6. G row th o f  e x p e r im e n ta l p la n t s . S ee d lin gs  were

t ra n s fe r re d  from  m o is t t is s u e  paper to  w a te r c u l tu r e  

on day 3. The g row th  cu rves shown a re  ty p i c a l  o f  

those  measured. V e r t ic a l  ba rs  show s tan d a rd  e r r o r s ,  

AO p la n ts  measured pe r p o in t ,

■---------  cv . A la ska : I ;  f i r s t  ba tch  o f  seed,

I I ; second ba tch  o f  seed.

—' — c v . M e teor

— — cv . P rogress  N o,9,
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3 .2 . REVERSE PHASE HPLC OF GIBBERELLINS

The a v a i l a b i l i t y  o f  a range o f GA s tandards and the  a b i l i t y  

to  a c c u ra te ly  de te rm ine  the  re te n t io n  tim es  o f  these  d u r in g  reve rse  

phase HPLC made i t  p o s s ib le  to  re p e a t and ex tend e a r l ie r  s tu d ie s  

o f the  re ve rse  phase HPLC e lu t io n  c h a r a c te r is t ic s  o f  the  GAs 

(e .g .  Kosh ioka ejt a l . , 1983). GA s tandards were d e te c ted  by 

o n - l in e  m o n ito r in g  o f  the  r a d io a c t iv i t y  in ,  o r the  absorbance 

a t  21Onm o f ,  the  column e lu e n t.  The d e te c t io n  l i m i t  o f  the  l a t t e r  

method was ca ,20ng .

The r e la t iv e  re te n t io n  c h a r a c te r is t ic s  o f  th e  GA s tandards  

te s te d  are  shown in  f ig u r e  7, The R,̂  g va lue  is  the  percen tage 

o f  MeOH e s tim a te d  to  g ive  a peak re te n t io n  tim e  o f 10.0  min 

(see s e c t io n  3 .7 .4 . ) .  From these  r e s u l t s  the  fo l lo w in g  c o n c lu s io n s  

can be drawn (th ese  are  s im i la r  to  those o f  Kosh ioka a t  1983).

For C,̂ g -GAs;

(a ) A s in g le  h y d ro x y l s u b s t i tu t io n  w i l l  reduce the  re te n t io n

t im e , b u t th e  e x te n t o f the  decrease depends on th e  s u b s t i tu t io n  

p o s i t io n .  The e f fe c t iv e n e s s  o f the  s u b s t i tu t io n  decreases in  

th e  o rd e r 1 2 ^  1 > 1 3*=< > 2 ^  > 3^. T h e re fo re  a C/D r in g  s u b s t i

t u t io n  seems to  have a la rg e r  e f f e c t  than  A r in g  s u b s t i t u t io n .

(b ) The e f fe c t  o f  fu r th e r  h y d ro x y l s u b s t itu e n ts  i s  g e n e ra lly  

to  decrease the  re te n t io n  tim e  fu r t h e r ,  b u t t h i s  depends on the  

s u b s t i t u t io n  p o s i t io n s  o f  the  h y d ro x y l g roups. Thus i f  one 

h y d ro x y l group is  3^ the  e f fe c t iv e n e s s  o f  a second one decreases
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in  the  o rd e r 1 >  13cx > 1 1 ^  >  lo^ > 2^. I f  the  o n ly  h y d ro x y l 

group is  in  th e  A r in g  then  fu r th e r  s u b s t i tu t io n  o f  the  A r in g  

is  le s s  e f fe c t iv e  in  re d u c in g  th e  re te n t io n  t im e  than  s u b s t i

t u t io n  o f th e  C r in g .  2 ^ -h y d ro x y la t io n  causes a la r g e r  re d u c tio n  

in  re te n t io n  tim e  than 3 ^ -h y d ro x y la t io n  (e .g .  GA^/GA^g, GA^/GAg^). 

A d d it io n  o f  a 3 p -h y d ro x y l group to  a 2 ^ -h y d ro x y la te d  GA has 

l i t t l e  e f f e c t  on the  re te n t io n  tim e  (e .g .  GAg^/GA^^, GA^g/GAg).

(c )  The presence o f  a doub le  bond tends to  decrease the

re te n t io n  tim e  (e .g .  GA^/GA^, GAg/GA^g, GA^/GAg).

For Cg g -GAs:

(a ) C -20-m e thy l GAs e lu te  l a t e r  than the  co rre sp on d ing

GAs (e .g .  GA^g/GAg, GA^^/GA^, GA^^g/GA.^).

(b ) O x id a t io n  o f  the  C -20 -m e thy l group to  an a lc o h o l can have

q u ite  a la rg e  e f fe c t  on re te n t io n  t im e , b u t fu r th e r  o x id a t io n  to  

the  aldehyde o r a c id  has le s s  fu r th e r  e f f e c t .

(c )  The r e la t iv e  e f fe c t iv e n e s s  o f d i f fe r e n t  h y d ro x y l s u b s t i

tu t io n s  may be d i f fe r e n t  f o r  C^g- and f o r  C^g-GAs (e .g .  GA^/GA^g, 

GA.| ^/GA^ g ) .
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3 .3 . GC-MS ANALYSIS OF THE ENDOGENOUS GAs OF cv . ALASKA

10.5kg ( f re s h  w e ig h t)  o f ten  day o ld  l ig h t -g ro w n  cv .

A laska s e e d lin g s  ( ca. 11,800 p la n ts )  were e x tra c te d  w ith  the  

o b je c t iv e  o f  o b ta in in g  s u f f i c ie n t  q u a n t i t ie s  o f GAs f o r  GC-MS 

a n a ly s is .  The p la n ts ,  grown in  n in e te e n  ba tches, were fro ze n  in  

l iq u id  n it ro g e n , f re e z e -d r ie d  and s to re d  a t  -20°C p r io r  to  

e x t r a c t io n .  Whole s e e d lin g s  ( ro o ts ,  shoo ts  and co ty le d o n s ) 

were e x tra c te d .

The t is s u e  was e x tra c te d  in  f i v e  ba tches , and an in t e r n a l 

s tan d a rd  o f [^H]GAg ( t o t a l  3.4 x 10^ dpm, lOng) added to  two o f  

th e  ba tches to  q u a n t i fy  lo sse s  d u rin g  w ork-up . The pH8 aqueous 

e x tra c ts  were p a r t i t io n e d  a g a in s t  to lu e n e , f i l t e r e d  th rough  

c e l lu lo s e  powder, s lu r r ie d  w ith  PVP, a d ju s te d  to  pH2.5 and 

p a r t i t io n e d  a g a in s t  EtOAc. The EtOAc was d r ie d  and evapora ted  

o f f .  The f i v e  EtOAc re s id u e s  were combined, the  t o t a l  w e ig h t be ing 

B.Og. There was 60% re co ve ry  o f  the  in te r n a l s ta n d a rd .

The e x t r a c t  was d is s o lv e d  in  lOOcm^ pH8.0 0.2M ammonium 

a c e ta te  and fu r th e r  p a r t i t io n e d  a g a in s t  a h a lf-v o lu m e  o f  to lu e n e , 

ca. 22% o f  the  in te r n a l s tan d a rd  p a r t i t io n e d  in to  the  to lu e n e , 

which was d is c a rd e d . The aqueous phase was a d ju s te d  to  pH6,5 and 

a p p l ie d  to  a 130 x 40mm column o f PVP, The column was e lu te d  w ith  

0.2M pH6.5 ammonium a c e ta te  b u f fe r  and lOcm^ f r a c t io n s  were 

c o l le c te d .  95% o f the  recovered  [^H]OAg e lu te d  in  a peak between 

f r a c t io n s  15 and 35. F ra c t io n s  10-50 were combined and fre e z e -  

d r ie d .
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The p a r t ia l l y  p u r i f ie d  e x t r a c t  (7 .B g ) was fu r th e r  p u r i f ie d  

by DEAE-A25 Sephadex an ion  exchange chrom a tography (w e ig h t o f 

e x t r a c t  reduced to  SSOmg, 39% o f in t e r n a l s tanda rd  re c o v e re d ), 

s iz e  e x c lu s io n  chrom a tography ( e x t r a c t  w e igh t reduced to  28Gmg) 

and by use o f  a Sep-Pak C^g c a r t r id g e .  The re s id u a l b u lk  o f  the  

e x t r a c t  was composed m a in ly  o f  a n o n - v o la t i le  component, which 

was removed by d is s o lv in g  the  e x tr a c t  in  5cm^ o f pH8 G.5M 

phospha te b u f fe r  and p a r t i t io n in g  a g a in s t  2 x 1  cm^ to lu e n e , 

which was d is c a rd e d . The aqueous phase was then  a d ju s te d  to  

pH2.5 and p a r t i t io n e d  a g a in s t  EtGAc, which was d r ie d  and 

evapora ted  o f f .

The e x t r a c t  (SGmg, 27% re co ve ry  o f  in t e r n a l  s ta n d a rd ) 

was d is s o lv e d  in  270mm^ o f EtGAc and p u r i f ie d  by p re p a ra t iv e  

HPLC us ing  a 45G x 1 Gmm column c o n ta in in g  P a r t i s i l  1G coa ted  

w ith  a 4G% w/v 1M a c e t ic  a c id  s ta t io n a ry  phase. The column was 

e lu te d  w ith  a g ra d ie n t  o f EtGAc in  hexane ( f ig u r e  8 ) designed 

to  g ive  maximum s e p a ra t io n  o f  GAs.

Seven ty success ive  2 min f r a c t io n s  were c o l le c te d ,  and th e  

s o lv e n t  evapora ted  o f f .  A l iq u o ts  from  each f r a c t io n  were ana lysed 

u s in g  th re e  b ioassays and the  GA,j rad io immunoassay (GA^ RIA) o f  

A tzo rn  and W e ile r (1 9 8 3 ). The r e s u l t s  are  shown in  f ig u r e  9. 

Subsequently  the  f r a c t io n s  d e ta i le d  in  Table 4 were ana lysed  by 

GC-MS.
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TABLE 4 D e ta i ls  o f  f r a c t io n s  ana lysed  by GC-MS

F ra c t io n GA id e n t i f ie d

29 and 30 (combined) 

42

45 and 46 (com bined)

GA.'20

GA'29

none
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FIGURE 9. GA-like substances extracted from cu. Alaska seedlings.
Figure shows bioassay and immunoassay determinations of GA-like 

substances present in  frac tio ns  obtained a fte r  chromatography 

of the ex trac t of cu, Alaska on the preparative HPLC system.

The amounts of GÂ  and GÂ  standards ind ica te  the GA-like  

a c t iv ity  in  1% of the to ta l  e x tra c t. The expected e lu tion  

positions of GA ,̂ GA ,̂ GAg and GAgg are shown a t the top of 
the fig u re .
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The [^H]GAg in t e r n a l  s tandard  was d e te c ted  in  f r a c t io n s  

17 and 18 w ith  an e s tim a te d  re co ve ry  o f 18%. The low 

re co ve ry  is  a t t r ib u te d  la rg e ly  to  lo sse s  in to  the  to lu e n e  

d u r in g  p a r t i t io n in g .  S ince GAg is  one o f  th e  le a s t  p o la r  GAs 

lo s s e s  o f  o th e r  GAs may n o t have been so la rg e , and re c o v e r ie s  

were p o s s ib ly  g re a te r  than 18%.

F ra c t io n  29 showed a c t i v i t y  in  th e  le t tu c e  and r ic e  

b ioassays  and in  the  GÂ  RIA, F ra c t io n  30 a ls o  showed a c t i v i t y  

in  th e  GÂ  RIA. GAgg was subsequen tly  id e n t i f ie d  in  these  

f r a c t io n s  by GC-MS ( f ig u r e  ICj), GA^g has been p re v io u s ly  found 

in  s e e d lin g s  (see Table 2 ) , I f  i t  i s  assumed th a t  th e  a c t i v i t y  

o f  f r a c t io n s  29 and 30 in  the  GÂ  RIA i s  caused e n t i r e l y  by GA^g 

th e n , know ing the  c ro ss  r e a c t i v i t y  o f  GA2 g in  the  assay (55%) 

and the  re co ve ry  d u r in g  work up (18%), i t  i s  p o s s ib le  to

c a lc u la te  th e  le v e ls  o f  GA^g pe r s e e d lin g  as ca_. GOQpg.

F ra c t io n s  45 and 46 were found to  c o n ta in  GA^g ( f ig u r e lO ) ,  

T h is  GA has been p re v io u s ly  found in  pea s e e d lin g s  (see Table 2 ) ,  

and e x h ib i t s  low  a c t i v i t y  in  a l l  fo u r  assays used.

F ra c t io n  42 shows G A -lik e  a c t i v i t y  in  a l l  fo u r  assays.

GA.J and o th e r  GAs o f  s im i la r  e lu t io n  c h a r a c te r is t ic s  wou ld be 

expec ted to  occur in  t h is  f r a c t io n .  GÂ  has p re v io u s ly  been 

found in  pea s e e d lin g s  (see Table 2 ) and is  a c t iv e  in  a l l  fo u r  

assays. However, n e i th e r  GA^, nor any o f  the  o th e r known GAs 

was d e te c te d  by GC-MS a n a ly s is  o f  f r a c t io n  42. No spec trum  

co n ta in e d  m/z 506, th e  m o le cu la r io n  o f  GA^MeTMSi, From the
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FIGURE 10. Mass s p e c tra  o f  GA^^ MeTMS and MeTMS, found in

te n  day o ld  s e e d l in g s  o f  cv . A laska ,
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b ioassay and immunoassay da ta any known GA, i f  re s p o n s ib le  

f o r  the  a c t i v i t y  seen, shou ld  have been p re se n t w e l l  above the  

d e te c t io n  l im i t s  o f the  a n a ly s is .  T h e re fo re  i t  seems u n l ik e ly  

th a t  GA^, o r any o th e r  known GA, is  re s p o n s ib le  fo r  the  a c t i v i t y  

d e te c te d  by the  assays. There is  the  p o s s i b i l i t y  th a t  the  

presence o f  tra c e  q u a n t i t ie s  o f  s e v e ra l GAs co u ld  account f o r  

th e  a c t i v i t y  seen in  th e  assays, b u t t h is  i s  u n l ik e ly  due to  

the  s e p a ra t io n  o f  GAs p ro v id e d  by th e  p re p a ra t iv e  HPLC.

The o n ly  component o f  f r a c t io n  42, th a t  showed a mass 

spec trum  s im i la r  to  a GA had a CC re te n t io n  index  o f  2629, wh ich 

is  low er than th a t  o f  GÂ  (2 6 93 ), The mass spec trum  o b ta in e d  

from  t h is  compound is  shown in  f ig u r e  11. The spec trum  is  

background s u b tra c te d , b u t th e  peak around scan 190 in  the  TIC 

t ra c e  was e s s e n t ia l ly  f re e  o f co n ta m in a n ts . The presence in  the  

spectrum  o f  a p rom inen t io n  a t  m/z 207 is  c h a r a c t e r is t ic  o f  a 

1 3 -h y d ro x y la te d  GA. m/z 462 may re p re s e n t  th e  m o le cu la r io n .

I f  t h is  compound is  re s p o n s ib le  f o r  the  a c t i v i t y  seen in  the  

assays then fu r th e r  s t r u c tu r a l  fe a tu re s  can be t e n ta t i v e ly  

sugges ted in  view  o f  th e  known s t r u c t u r e - a c t i v i t y  r e la t io n s h ip s  

o f  the  assays. GAs a c t iv e  in  the  b a r le y  a leu ro n e  b ioassay 

t y p i c a l ly  have a 2 -3 doub le  bond o r a S ^ -h y d ro x y l group in  the  

A r in g .  Such a c o n f ig u ra t io n  wou ld a ls o  be expec ted to  b e .a c t iv e  

in  the  o th e r assays used. I t  i s  p o s s ib le , however, th a t  a nove l 

and u n te s te d  c o n f ig u ra t io n  co u ld  have h ig h  a c t i v i t y  in  th e  assays 

and account f o r  th e  a c t i v i t y  seen.
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FIGURE 11. GC-MS a n a ly s is  o f  f r a c t io n  42 . T h is  f r a c t io n ,  o f an 

e x t r a c t  o f  cu. A laska  s e e d l in g s , appeared to  c o n ta in  

a G A ^ -lik e  component, a lth o u g h  GC-MS a n a ly s is  f a i le d  

to  d e te c t GA^. Upper t ra c e  shows th e  t o t a l  io n  c u r re n t 

t ra c e  o f  th e  f r a c t io n .  The low e r t ra c e  shows th e  mass 

spec trum  o f  th e  p u ta t iv e  G A - l ik e  compound, o b ta in e d  a t  

th e  arrowed p o in t  o f  th e  t o t a l  io n  c u r re n t  t ra c e .
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No o th e r  f r a c t io n s  showed p rom inen t and c o n s is te n t  a c t i v i t y  

in  th e  assays. F ra c t io n  56 appeared a c t iv e  in  the  le t tu c e  and 

b a r le y  b io a ssa ys , b u t GC-MS a n a ly s is  o f  t h i s  f r a c t io n  f a i le d

to  re v e a l any o f  the  known GAs,
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3 .4 . COMPARISON OF THE ENDOGENOUS GIBBERELLINS- OF TALL AND

DWARF COLTIVARS BY IMMUNOASSAY.

8 day o ld  shoo ts  o f  l ig h t -  and dark-grow n peas, o f  c u l t iu a r s  

A laska ( t a l l ) ,  Me teor (d w a rf) and P rogress N o,9 (d w a rf)  were 

e x tra c te d  a f t e r  be ing  exc ise d  a t  the  c o ty le d o n a ry  node. The 

amounts o f  t is s u e  e x tra c te d  are  d e ta i le d  in  Table 5 . [^H]GA^^

(845,000dpm) was added to  each m e tha n o lic  e x t r a c t  as an in t e r n a l  

s ta n d a rd . [^H]GA^^ was s u ita b le  in  t h is  re g ard  s in c e  i t  has 

n e g l ig ib le  c ro ss  r e a c t i v i t y  in  the  immunoassay employed.

TABLE 5. D e ta i ls  o f  t is s u e  e x tra c te d  and th e  re co ve ry  o f  the  

in te r n a l  s tan d ard  fo r  the  GÂ  RIA a n a ly s is  o f  

endogenous GAs.

L igh t-G row n 

A laska M e teor P rogress

Dark-Grown 

A laska Me teor P rogress

Number o f  shoo ts  e x tra c te d 165 155 204 220 223 222

W eigh t o f  t is s u e  e x tra c te d  (g ) 34.0 34.4 37.1 101.8 104.3 94,7

Recovery o f  in t e r n a l  s ta n d a rd * 22% 37% 21% 35% 50% 54%

^ a f t e r  re v e rse  phase HPLC f r a c t io n a t io n

M e tha n o lic  e x t ra c ts  were evapora ted  to  £ a . 2cm*, taken up in  

phospha te b u f f e r ,  p a r t i t io n e d  a g a in s t  pe tro leum  e th e r ,  s lu r r ie d  w ith  

PVP, a d ju s te d  to  pH2.5 and p a r t i t io n e d  a g a in s t  EtOAc. The crude



EtOAc f r a c t io n s  were p u r i f ie d  by DEAE-A25 Sephadex an ion  exchange 

chrom a tography. P o te n t ia l GA c o n ta in in g  f r a c t io n s  were combined 

and fu r th e r  p u r i f ie d  by e lu t in g  each th rough  a Sep-Pak g 

c a r t r id g e .

Each p u r i f ie d  EtOAc f r a c t io n  (c a . 5mg) was f ra c t io n a te d  by 

re v e rs e  phase HPLC (see f ig u r e  12). T h ir ty  f iv e  success ive  

1 m inu te  f r a c t io n s  were c o l le c te d  f o r  each e x t r a c t .  A l iq u o ts  

o f  f r a c t io n s  23-27 were assayed f o r  r a d io a c t iv i ty  to  de te rm ine  

th e  re co ve ry  o f  [*H ]G A^^. The re c o v e r ie s  a re  d e ta i le d  in  Table 5 , 

The low  re co ve ry  o f  bo th  cv . A laska e x t ra c ts  is  due to  s p i l la g e .  

The reasons f o r  th e  low  re co ve ry  o f  the  e x tra c ts  o f  l ig h t -g ro w n  

p la n ts  o f c u l t iv a r s  M e teor and P rogress No.9 a re  n o t known.

The HPLC f r a c t io n s  were d r ie d ,  m e thy la ted  and 1□% a liq u o ts  

ana lysed  in  t r i p l i c a t e  us in g  th e  GÂ  rad io immunoassay (GA  ̂ RIA) o f  

A tzo rn  and üJe ile r (1 9 8 3 ). The r e s u l t s ,  c o rre c te d  f o r  th e  re co ve ry  

o f  the  in te r n a l s tan d a rd  and expressed a fem tom oles G A ^ -lik e  

substance pe r s e e d l in g , a re  shown in  f ig u r e  12. A t le a s t  fo u r  

peaks o f  GA—l i k e  a c t i v i t y  a re  appa ren t from  the  e x tra c ts  o f 

l ig h t -g ro w n  t is s u e ,  around f r a c t io n s  5, 8, 17 and 21. When 

c o n s id e r in g  the  p o s s ib le  id e n t i t i e s  o f  compounds caus ing  these 

peaks i t  i s  necessary to  take  in to  account the  e lu t io n  tim es  o f 

th e  peaks and th e  r e s u l t s  o f c r o s s - r e a c t iv i ty  s tu d ie s  th a t  have 

been made u s in g  the  GÂ  RIA,

A tzo rn  and W e i le r (1983; pe rson a l com m unica tion) have
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FIGURE 12. GA-like substances in  l ig h t -  and dark-grown Pisum seedlings.

Figure shows the amounts of GA-like substances detected by GÂ jRIA 

in  reverse phase HPLC frac tio n s  obtained a fte r  chromatography of the 

acid ic  EtOAc fra c tio n s  of extracts  o f l ig h t -  and dark-grown shoots 

of the c u lt iv a rs  Alaska, Meteor and Progress No.9. Fraction 11 from 

light-grow n shoots of cv. Alaska, and fra c tio n  26 of cv. Progress No.9, 

not analysed. The expected e lu tion  positions of c e rta in  GAs are shown 

a t the top of the fig u re . HPLC mobile phase: 30-35% MeGH, 0-1 min; 

35-50% MeOH, 7-8 min; 50-70%, 16-15 min; 70-100%, 25-26 min; Icm^ min"^. 

35 X 1 min frac tio n s  co llec ted .
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s tu d ie d  th e  c r o s s - r e a c t iv i t ie s  o f GAs 1-53 in  the  GÂ  RIA, w ith  

the  e x c e p tio n s  o f ;  CA^^, GAg^, CA^^, GA^^, GA^g, GA^g, GA^g and 

GAgg. A number o f GA c o n ju g a te s  were a ls o  te s te d ,  some o f  wh ich 

were found to  be c ro s s - re a c t iv e .  The re s u l ts  o f  these  c ro s s 

r e a c t i v i t y  s tu d ie s  are  summarised in  Table 6 .

TABLE 6. Cross r e a c t i v i t i e s  o f  GAs and GA co n ju g a te s  in  the  

GA.| R IA . Data expressed as % c ross  r e a c t i v i t ie s  on 

a m o lar b a s is  (C ou rtesy o f  D r. A tzorn  and D r. W e i le r , 

R u h r -U n iv e rs i ta t ,  Bochum).

Free GAs C onjuga ted GAs

G A . j  100 G A ^-3 -g lucos ide  6

G A 3 70 G A ^-13-g lucos ide  10

GA4 40 GA.j -g lu c o s id e  e s te r  5

G A 5 29 G A g-3-g lucos ide  2

G A g 29 G A g-13-g lucos ide  <1

G A ^ 70 G Ag-g lucos ide e s te r  <1

G A g 11 G A ^-3 -g lucos ide  2

G A g 15 G A ^-g lucos ide e s te r  <1

G A 1 0 6 G A g-13-g lucos ide 5

GAgo 55 G Ag-g lucos ide e s te r  6

G A g g 2 G Ar^-3-glucos ide 3

“ 3 1
20 G A g-2 -g lucos ide  <0.1

“ 3 5
11 G A2g~2-glucos ide <0.1

O the r f re e  GAs te s te d  1 G A 2g-2-g lucos ide <0.1  

G A g5-3-g lucos ide <0.1 

G A g^-g lucos ide e s te r  < 0 .1  

G Agg-g lucos ide e s te r  <0.1
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The c ro ss  re a c t iv e  GAs (e xce p t GAg, GA^g and GA^g) a l l  have 

a 3 ^ -h y d ra x y l group a n d /o r a doub le  bond o r an epox ide group (GAg) 

in  th e  A r in g .  2 ^ -h y d ro x y la t io n  reduces a c t i v i t y .  A 1 3 -h y d ro x y l 

group u s u a lly  promo tes a c t i v i t y  b u t i s  n o t e s s e n t ia l.  G lucos ides 

have reduced a c t i v i t y ,  b u t may s t i l l  show s ig n i f ic a n t  b in d in g . I t  

i s  l i k e l y  th a t  the  G A -g lucos ide e s te rs  wou ld have been removed 

from  the  e x tra c ts  by the  DEAE-A25 Sephadex an ion exchange 

chrom a tography p rocedure , a lth o u g h  g lu c o s id e  e th e rs  are  s t i l l  

l i k e l y  to  be p re se n t (G rabner ejt , 1976).

GA^g and GAg have bo th  been found in  peas and bo th  wou ld be 

expec ted to  e lu te  around f r a c t io n  5. GA^g has n e g l ig ib le  c ro s s 

r e a c t i v i t y  so wou ld have to  be p re se n t in  ve ry  la rg e  amounts to  

account f o r  the  a c t i v i t y  seen in  f ig u r e  12.

The peak in  f r a c t io n  8 may re p re s e n t the  G A - lik e  compound, 

o f  undeterm ined s t r u c tu r e ,  which was d e te c ted  in  f r a c t io n  42 o f  

the  cv . A laska e x t r a c t  p re v io u s ly  re p o r te d  (s e c t io n  3 .3 ) .  T h is  

compound had a s im i la r  re te n t io n  tim e  to  GÂ  d u r in g  s t r a ig h t  

phase p re p a ra t iv e  HPLC, and was re a c t iv e  in  the  GÂ  RIA. 

A l t e r n a t iv e ly ,  the  peak in  f r a c t io n  8 may re p re s e n t  GA^, re c e n t ly  

id e n t i f ie d  as an endogenous GA o f  peas (Ingram  e t  a l . , 1983 ) .

F ra c t io n  17, from  lig h t -g ro w n  t is s u e  o f  a l l  c u l t iv a r s ,  

c o n ta in s  a m ajor peak o f  s im i la r  re te n t io n  tim e  to  GA^g. In  view 

o f  th e  id e n t i f i c a t io n  o f  GA^g from  s e e d lin g s  o f cv , A laska and 

cv . Progress N o.9, and the  h ig h  c r o s s - r e a c t iv i ty  o f  GA^g in  th e

92

_



GÂ  RIA, i t  seems l i k e l y  th a t  t h i s  peak is  GA^g. F ra c t io n  13 

o f  cv . P rogress N o.9 p o s s ib ly  c o n ta in s  a sm a ll peak, bu t the  

p o s s ib le  id e n t i t y  o f  the  c a u s a t iv e  compound is  unknown.

The o th e r m a jo r peak, in  f r a c t io n  21, is  seen m ain ly  in  

the  e x tra c ts  o f  l ig h t -g ro w n  t is s u e  o f c u l t iv a r s  A laska and 

P rogress N o.9. Of th e  C^g-GAs id e n t i f ie d  from  peas o n ly  one,

GAg^ 5 wou ld be expec ted  to  chrom a tograph in  t h is  a re a . However,

GAg  ̂ has a c r o s s - r e a c t iv i ty  o f  under in  the  GÂ  RIA.

The le v e ls  o f  th e  compounds d e te c ted  a re  summarised in  

Table 7 . These q u a n t i ta t iv e  e s tim a te s  are  very  app rox im a te , 

e s p e c ia lly  f o r  m inor peaks, as no a llow ance  was made fo r  th e  le v e l 

o f  background a c t i v i t y  in  the  assay, o r f o r  the  p o s s i b i l i t y  th a t  

a compound was s p l i t  between two f r a c t io n s  (w i th  the  e xcep tio n  

o f  the  peak in  f r a c t io n s  8 and 9 o f the  l ig h t  grown cv . A laska 

e x t r a c t ) .  The background a c t i v i t y  appears h ig h e r in  the  e x tra c ts  

o f l ig h t -g ro w n  t is s u e  o f  c u l t iv a r s  A laska and P rogress N o,9. T h is  

is  because the  re co ve ry  o f  the  [^H]GA.j^ in te r n a l s tandard  in  these 

e x tra c ts  was low , so th a t  a h ig h e r fa c to r  was used to  c o r re c t  fo r  

lo sse s  d u r in g  e x t r a c t io n .

The amounts o f peaks o f  s im i la r  r e te n t io n  tim es  can be 

compared between e x t r a c t s ,  assuming th a t  an id e n t ic a l  compound 

i s  causing  th e  a c t i v i t y  in  the  d i f f e r e n t  e x tra c ts .  However, 

the  amounts o f  d i f fe r e n t  peaks w i th in  an e x t r a c t  canno t be 

compared s in c e  they a re  caused by d i f fe r e n t  compounds which p ro ba b ly  

have d i f fe r e n t  c r o s s - r e a c t iv i t ie s .
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TABLE 7, E s tim a te s  o f  th e  amount o f  G A -like  im m unoreac tive

compounds. F ig u re s  re p re s e n t fem tomoles per se e d lin g ,

F ra c t io n T issue A laska
C u l t iv a r

Me teor P rogress N o.9

F ra c t io n  5 L ig h t-g ro w n 80 50 70
Da rk-grown 10 40 20

F ra c t io n  8 L ig h t-g ro w n 130* 60 120
Da rk-grown 70 80 20

F ra c t io n  17 L ig h t-g ro w n 540 190 130
Da rk-grown - 90 40

F ra c t io n  21 L ig h t-g ro w n 140 40 200
Da rk-grown 30 50 50

^ in c lu d e s  f r a c t io n  9 

I f  i t  i s  assumed th a t  th e  peak seen in  f r a c t io n  17 is  

caused by GA^g then  i t  i s  p o s s ib le  to  c a lc u la te  the  a b so lu te  

amount o f  GA^g p re se n t in  th e  t is s u e  (s in c e  GA2 g has a c ro s s - 

r e a c t i v i t y  o f 55% in  th e  GA.j R IA ). The re s u l t s  o f such a c a lc u 

la t io n  a re  shown in  Tab le  8. The le v e l o f  GA^g found in  l ig h t -  

grown se e d lin g s  o f  c v , A la ska , c a , 300pg per s e e d l in g , is  low e r 

than the  le v e l o f  c a . 900pg e s tim a te d  in  s e c tio n  3 .3 . Th is 

d i f fe re n c e  may a r is e  because whole se e d lin g s  were e x tra c te d  in  

s e c tio n  3 .3 . ,  w h i le  o n ly  th e  shoo ts  were e x tra c te d  in  th e  p re sen t 

expe rim en t. A l t e r n a t iv e ly  the  d i f fe re n c e  may p a r t l y  r e f le c t  the  

d i f f e r e n t  ages o f  the  t is s u e  when e x tra c te d ,  o r may s im p ly  a r is e  

th rough  e xp e r im e n ta l e r r o r .  The le v e ls  o f  GAgg a re  ca . 1□□ fo ld

le s s  than those e s tim a te d  by Ingram ejb (1984 ) .
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TABLE 8 . — 20 le v e ls  e s tim a te d  by immunoassay. Data

expressed as pg pe r s e e d l in g .

A laska Meteor P rogress N o.9

L ig h t-g ro w n  p la n ts  

Dark-grown p la n ts

330 110

60

70

20

The t a l l  c u l t i v a r  A laska , and the  dw arf c u l t iv a r s  

P rogress N o,9 and M e teor, a l l  c o n ta in  G A -lik e  substances, and 

g iven  the  e r ro rs  in  th e  r e s u l t s  the  d if fe re n c e s  d e te c te d  between 

c u l t iv a r s  may n o t be s ig n i f i c a n t .  I t  i s  apparen t th a t  the  le v e ls  

e s tim a te d  in  dark-grow n t is s u e  appear c o n s is te n t ly  low er than the  

le v e ls  e s tim a te d  in  l ig h t -g ro w n  t is s u e .  As t h is  r e s u l t  was seen 

in  e x t ra c ts  o f  a l l  th re e  c u l t iv a r s  i t  p ro ba b ly  re p re s e n ts  a re a l 

d i f fe re n c e .  The d i f fe re n c e  is  much la rg e r  when the  r e s u l t s  are  

expressed on a u n i t  f re s h  w e ig h t b a s is .
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3 .5 .1 .  [^H]GA^^ FEEDS: INTRODUCTION

Two m ajor expe r im en ts  were c a r r ie d  o u t. In  the f i r s t  

[^H]GA^^ was a p p l ie d  to  p la n ts  by two a p p l ic a t io n  methods and 

th e  p ro d u c ts  s tu d ie d  a f t e r  4 d i f f e r e n t  p e r io d s  o f  t im e , up to  

89h a f t e r  a p p l ic a t io n .  I d e n t i f i c a t io n  o f  p ro d u c ts  was no t 

a ttem p ted  in  t h is  t im e -c o u rs e  e xpe rim en t. Based on the  r e s u l t s  

o f  t h is  f i r s t  expe rim en t a second expe r im en t, w ith  the  o b je c t iv e  

o f  id e n t i f y in g  some o f  th e  p ro d u c ts  produced from  [^H]GA^^, was 

conducted . O ther in v e s t ig a t io n s  con f irm ed  the  s t a b i l i t y  o f 

[^H]GA^^ on the  p la n t  s u r fa c e  d u r in g  the  fe e d s , and d u rin g  the  

e x tr a c t io n  and a n a ly t ic a l  p rocedures emp loyed. P r io r  to  a l l  

expe r im en ts  the  ra d io c h e m ic a l p u r i ty  o f  the  [^H]GA^^ was con firm ed  

by is o c r a t ic  re ve rse  phase HPLC a t  70% MeOH. (R e te n tio n  tim e  o f 

["H ]G A^^ : 11 .7  m in ).

3 .5 .2 . [^H]GA^^ : TIME COURSE FEED

The tim e  course  feed  compared the  m etabolism  o f [^H]GA^^ 

when a p p l ie d  to  e ith e r  th e  a p ic a l bud o r the  c o ty le d o n a ry  node o f  

the  c u l t i v a r  A laska . The s t a b i l i t y  o f  [^H]GA^^ d u r in g  the  

a n a ly t ic a l p rocedures was con f irm ed  by add ing the  la b e l to  

th re e  e x tra c ts  d u r in g  hom ogen isa tion . These e x t ra c ts  were 

p a r t i t io n e d  n o rm a lly  to  g iv e  crude EtOAc f r a c t io n s ,  wh ich were 

then  p u r i f ie d  by DEAE-A25 Sephadex an ion  exchange chrom a tography 

and by use o f  Sep-Pak C^g c a r t r id g e s .  A n a ly s is  o f  th e  p u r i f ie d
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e x t ra c ts  by is o c r a t ic  re ve rse  phase HPLC a t  70% MeOH showed th a t  

[^H]GA^^ was the  o n ly  r a d io a c t iv e  compound p re s e n t, c o n f irm in g  

th a t  t h is  compound was s ta b le  d u r in g  p u r i f i c a t io n  and a n a ly s is .

For the  tim e  course feed  150,000 cpm [^H]GA^^ (ca. 2 p q ), 

d is s o lv e d  in  5mm̂  o f  50% aqueous e th a n o l, was a p p l ie d  to  each o f 

e ig h ty  l ig h t -g ro w n  6 day o ld  s e e d l in g s . A fu r th e r  20 p la n ts  

were tre a te d  w ith  5mm̂  o f 50% aqueous e th a n o l n o t c o n ta in in g

[^H]GA.|^. The tre a tm e n ts  were a p p l ie d  to  the  a p ic a l bud o f h a l f  

o f  the  t o t a l  number o f  p la n ts ,  and in je c te d  in to  the  c o ty le d o n a ry  

node o f  the  rem a in ing  h a l f .

Ten a p ic a l ly  t re a te d  and ten  co ty le d o n a ry -n o d e  tre a te d  

p la n ts  were e x tra c te d  a f t e r  19, 43, 67 and 89h. P r io r  to  each 

e x t r a c t io n  the  area around the  p o in t  o f a p p l ic a t io n  o f the 

[^H]GA^^ was r in s e d  w ith  10cm^ MeOH. Reverse phase HPLC 

a n a lyse s , a t  70% MeOH, showed th a t  these  r in s e s  co n ta in ed  ra d io -  

c h e m ic a lly  pure [^H]GA^^, d em on s tra ting  th a t  t h is  compound was 

s ta b le  on the  p la n t  s u r fa c e  d u r in g  the  fee d .

The h e ig h t  o f  each e xp e r im e n ta l p la n t  was measured 

b e fo re  tre a tm e n t and 19, 43, 67 and B9h a f t e r  tre a tm e n t. From 

these  measurements th e  grow th  o f  th e  p la n ts  a f t e r  tre a tm e n t was 

c a lc u la te d .  The r e s u l t s  are  shown in  f ig u r e  13, The mean h e ig h t  

o f  p la n ts  b e fo re  tre a tm e n t was 22.3 ± 0 ,4  mm. [^H]GA^^ a p p lic a 

t io n  appeared to  s t im u la te  stem e lo n g a t io n , b u t a p p l ic a t io n  to  

th e  c o ty le d o n a ry  node may reduce grow th  r e la t iv e  to  a p ic a l 

a p p lic a t io n .
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FIGURE 13. Grow th o f [^H]GA^^ t re a te d  p la n t s .

  ca . 2}aq [^H]GA^^ a p p l ie d  to  a p ic a l bud

— — ~ c a .  2jjg [^H]GA^^ in je c te d  in to  c o ty le d o n a ry  node 

—  50% aqueous EtOH a p p l ie d  to  a p ic a l bud

................  50% aqueous EtOH in je c te d  in to  c o ty le d o n a ry  node

(10 p la n ts  from  each c o n t ro l tre a tm e n t m easured.40, 40, 30, 

20 and 10 p la n ts  re s p e c t iv e ly  from  each [^H]GA^^ tre a tm e n t 

measured 0, 19, 43, 67 and 89h a f t e r  t re a tm e n t) .
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Whole s e e d lin g s  were e x tra c te d  w ith  MeOH which was 

subsequen tly  evapora ted  o f f .  An excess o f  pHB phospha te b u f fe r  

was added to  the  aqueous re s id u e  and the  e x tra c ts  p u r i f ie d  by 

p a r t i t io n in g  a g a in s t  to lu e n e  and by s lu r r y in g  w ith  PUP. D e ta i ls  

o f the  re c o v e r ie s  o f  the  a p p l ie d  r a d io a c t iv i t y  are  g iven  in  

Table 9. The e r ro rs  in  the  ta b le  may be la rg e ,  s in ce  no

TABLE 9. [ ^H]GA^^ Time c o u rs e :re c o v e ry  o f  r a d io a c t i v i t y .

Data a re  percen tages o f  the  a p p l ie d  r a d io a c t iv i t y ,  

c a lc u la te d  from  cpm.

P o in t  o f  a p p l ic a t io n  
D u ra t io n  o f feed 19h

Bud 
43h 67h 89h

C o ty ledonary  
19h 43h 67h

Node
89h

F rac tion iM eO H r in s e 57% 45% 40% 27% 10% 9% 6% 8%

Toluene — 8% 4% - -

Aqueous 3% 4% 2% 3% 4% 3% 6% 6%

EtOAc 11% 19% 19% 20% 25% 19% 27% 21%

T o ta l Recovered 71% 68% 61% 58% 39% 35% 39% 35%

c o r re c t io n  was made fo r  quenching wh ich was p o s s ib ly  h ig h . The 

b u lk  o f  the  e x tra c te d  r a d io a c t iv i t y  was found in  the  EtOAc f r a c t io n  

and th e re  was no m ajor tre n d  w ith  tim e  tow ards in c re a s in g  amounts 

o f  r a d io a c t iv i ty  rem a in ing  in  the  aqueous phase. The to lu e n e  

phase d id  n o t g e n e ra lly  c o n ta in  much r a d io a c t iv i t y .

The recovery  o f  r a d io a c t iv i t y  from  bo th  a p p l ic a t io n  methods
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was low , and i t  i s  apparen t th a t  the  recove ry  from  co ty le d o n a ry  

node t re a te d  p la n ts  was even low e r than th a t  from  a p ic a l ly  t re a te d  

p la n ts ,  la r g e ly  due to  le s s  r a d io a c t iv i ty  be ing recovered  in  the  

m e th a n o lic  r in s e .  The l a t t e r  is  no t unexpected s in ce  le s s  

wou ld be expec ted to  rem ain on the  p la n t  su r fa ce  when the  la b e l 

was in je c te d  in to  the  c o ty le d o n a ry  node, than when i t  was a p p l ie d  

to  the  s u r fa ce  o f  th e  a p ic a l bud. T h e re fo re  more r a d io a c t iv i ty  

wou ld have been expec ted  to  be e x tra c te d  from  the  c o ty le d o n a ry  

node t re a te d  t is s u e s ,  a lth o u g h  t h is  does no t appear to  have been 

so. T h e re fo re  the  d if fe re n c e  in  recovery  o f the  a p p l ie d  r a d io a c t iv i ty  

between the  two tre a tm e n ts , and th e  o v e r a l l  low re c o v e ry , remain 

u n e xp la in e d .

The a c id  EtOAc f r a c t io n s  were ana lysed by re ve rse  phase HPLC 

and the  tra c e s  a re  shown in  f ig u r e s  14 and 15. The re te n t io n  tim es

TABLE 1 0 . R e te n tio n  tim e s  (m in) o f [^H]GA s tandards  on reve rse  

phase HPLC. HPLC c o n d it io n s  as f ig u r e  14.

I n je c t io n
number 1 2 3 4

11.1 11 .1 10.5 10.9

U h ] ga^ 28.0 - - -

[ ^ h ] ga^^ 30.4 30.3 29.9 30.5

1 0 0
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o f [^H]GA s tandards  a re  d e ta i le d  in  Table 10. The peaks observed

were numbered in  o rd e r o f d ec rea s in g  p o la r i ty ,  peaks in  d i f fe r e n t

e x tra c ts  b u t w ith  s im i la r  re te n t io n  tim es  be ing a llo c a te d  the

same number. Peak a reas were q u a n t i f ie d  from  the  c h a r t  re c o rd e r

in te g r a t e r  response. The area o f  each peak was expressed as a

percen tage o f the  t o t a l  area benea th  a l l  the  numbered peaks in

th a t  e x t r a c t .  T h is  percen tage  was m u l t ip l ie d  by the  amount o f

r a d io a c t iv i t y  e s tim a te d  in  the  crude EtOAc f r a c t io n  (Tab le  10

to  g ive  the  percen tage co nve rs io n  o f  a p p l ie d  [^H]GA^^ th a t  each

peak re p re se n te d . These f ig u r e s ,  to g e th e r  w ith  the  a ccu ra te

re te n t io n  tim es  o f th e  peaks, a re  g iven  in  Table 11,

A number o f p o s s ib le  sources o f  e r ro r  shou ld  be borne in

mind when c o n s id e r in g  Table 11. The percen tage conve rs ions  are

dependen t on the  accuracy o f  the  i n i t i a l  counts o f the  EtOAc

f r a c t io n s ,  wh ich were n o t c o rre c te d  to  dpm. Large lo sse s  occurred

between the  tim e  when these  coun ts  were made and the  tim e  im m ed ia te ly

b e fo re  HPLC a n a ly s is  when fu r th e r  coun ts  were made (T ab le  1 2 ) ,  These
the

lo sse s  occurred  d u r in g  d ry in g  o f/E tO A c and d u r in g  t r a n s fe r  o f the  

e x tra c ts  between c o n ta in e rs , b u t were much h ig h e r than  losses  

observed a t  a s im i la r  s tage in  subsequent expe rim en ts , and may 

r e f le c t  inadequa te  r in s in g  o f the  sod ium su lp h a te  used to  d ry  the  

EtOAc. I t  i s  assumed th a t  a l l  components o f each e x t r a c t  were lo s t  

to  a s im i la r  degree.
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TABLE 12. [ ^H]GA^^ Time Course Feed; Counts o f r a d io a c t iv i t y

in  the  EtOAc f r a c t io n  (cpm x ID ^ ) .  A, counted 

im m ed ia te ly  a f t e r  p a r t i t io n in g ;  B, counted a f t e r  

d ry in g  and t r a n s fe r .

Bud A p p l ic a t io n C o ty ledonary Node A p p l ic ^

E x t ra c t 19h 43h 67h 89h 19h 43h 67h 89h

A 170 280 280 300 380 280 410 320

B 20 140 70 150 20 70 170 110

The o th e r  ma in p o t e n t ia l sources o f  e r ro r  in  Table 11 a r is e  

from  th e  d i f f i c u l t y  o f  d is t in g u is h in g  p o o r ly  re s o lv e d  peaks, and 

as a r e s u l t  o f  th e  low  number o f  coun ts  p re se n t in  some peaks.

For example, peak 9 in  th e  89h bud e x tra c t  p o s s ib ly  re p re s e n ts  

more than one compound, w h i le  the  percen tage co nve rs io n  o f  [^H]GA^^ 

to  peak ID in  the  A3h e x t r a c t  o f  co ty le d o n a ry  node fe d  p la n ts  i s  

e s tim a te d  from  a peak o f  ca . 30 co u n ts .

Thus [^H]GA^^ was m e tab o lise d  to  a range o f  more p o la r  

p ro d u c ts , the  p a t te rn  o f  wh ich appeared b ro a d ly  s im i la r  from  

bo th  bud and c o ty le d o n a ry  node fe d  p la n ts .  Peaks 4 and 12 

appeared to  be m ajor e a r ly  p ro d u c ts  and peak 4 was fu r th e r  

co n ve r te d . The p a t te rn  o f  occurrence  o f peak 12 was le s s  c le a r .  In  

bo th  tim e  courses peak 6 was a m ajor p ro d u c t, c h ro m a to g ra p h ic a lly  w e ll
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separa ted  from  o th e r p ro d u c ts , and was fu r th e r  m e ta b o lise d . Peaks

10 and 11 were la te  p ro d u c ts , sometimes p o o r ly  re s o lv e d . Peak 10

o n ly  appears as a m ajor p ro d u c t from  the  c o ty le d o n a ry  node fee d s .

O ther peaks g e n e ra lly  appear to  be la t e  p ro d u c ts , w ith  peak 3

appear ing  much more p rom inen t from  bud fed  p la n ts .  No peak o f

s im i la r  re te n t io n  tim e  to  GÂ  was observed, w ith  the  p o s s ib le

e x ce p t io n  o f  peak 5. T h is  was a m inor peak observed o n ly  in  the

67h bud e x t r a c t ,  a lth o u g h  p o s s ib ly  p re se n t b u t in c o m p le te ly

re s o lv e d  in  the  43h bud e x t r a c t .

From t h i s  expe rim en t i t  was concluded th a t  [^H]GA^^ was

m e tab o lise d  by cv . A laska to  more p o la r  compounds, more numerous

than  those re p o r te d  by D u r le y  ^  ( l9 7 4 a ,b ) from  cv . M e teor.

However, th e  r e s u l t s  do need to  be in te rp re te d  w ith  some c a u tio n

due to  th e  unexp la ined  low and v a r ia b le  re co ve ry  o f  a p p l ie d  la b e l

a f t e r  e x tr a c t io n  and d u r in g  w ork-up . Based on the  r e s u l t  o f

t h i s  experim en t a la rg e -s c a le  expe r im en t, w ith  the  o b je c t iv e  o f

c o n c lu s iv e ly  id e n t i f y in g  some o f  the  p ro du c ts  observed, was

conducted . The [^H]GA^^ was a p p l ie d  to  th e  apex o f  the  p la n ts ,
node

s in c e  t h is  was e a s ie r than  c o ty le d o n a ry / in je c t io n  and had g iven

h ig h e r re c o v e r ie s  o f  the  a p p l ie d  r a d io a c t iv i t y .  I t  was dec ided

to  h a rv e s t the  p la n ts  a f t e r  ca. 43h s in ce  peak 6 was a m ajor

p ro d u c t a t  t h i s  t im e . Peak 6 was p o t e n t ia l ly  a good peak to

a tte m p t to  id e n t i f y  s in c e  i t  was c h ro m a to g ra p h ic a lly  w e ll separa ted

from  o th e r  p ro du c ts  and s in ce  i t  appeared to  be fu r th e r  co n ve r te d , 
i t

and th u s /m ig h t  p ro v id e  a c lu e  to  the  id e n t i t y  o f  fu r th e r  p ro d u c ts .

1 0 6
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3 .5 .3 .  GC-MS ANALYSIS OF ^ METABOLITES

120,000cpfn (c £ . 1 .6 jjg ) o f  [^H]GA^^ was a p p l ie d  to  the  apex 

o f  each o f  255 s ix  day o ld  l ig h t -g ro w n  pea p la n ts ,  c v . A laska .

The p la n ts  were e x tra c te d  43h a f t e r  fe e d in g . P r io r  to  e x t ra c t io n  

the  area around the  p o in t  o f  a p p l ic a t io n  o f  ten  p la n ts  was r in s e d  

w ith  100% MeOH which was subsequen tly  ana lysed  by re ve rse  phase 

HPLC a t  70% MeOH (R^ [^H]GA^^: 11.7  m in ). [=H]GA^^ was the  o n ly  

ra d io la b e lle d  compound p re s e n t.

The p la n ts  were e x tra c te d  w ith  MeOH, which was evapora ted  

o f f  to  leave  an aqueous re s id u e . A f te r  a d d it io n  o f excess phospha te 

b u f fe r  t h is  was p a r t i t io n e d  a g a in s t  to lu e n e  and s lu r r ie d  w ith  PUP. 

The d is t r ib u t io n  o f recovered  r a d io a c t iv i t y  a f t e r  p a r t i t io n in g  

was: to lu e n e  phase, 1%; re s id u a l aqueous phase, 6%; a c id ic  EtOAc 

phase, 90% (pe rcen tages c a lc u la te d  from  cpm and expressed as a 

percen tage o f  a p p l ie d  r a d io a c t i v i t y ) .  The re co ve ry  o f  a p p l ie d  

la b e l was h igh  and b e t te r  than from  the  e x tra c ts  o f  the  tim e  course 

fee d s . The much h ig h e r re co ve ry  o f r a d io a c t iv i t y  in  the  EtOAc phase 

was p ro b a b ly  because o n ly  ten  o f  the  p la n ts  had t h e i r  a p ic a l re g io n s  

r in s e d  w ith  MeOH p r io r  to  e x t r a c t io n .  T h is  MeOH r in s e  removed 43% 

o f the  r a d io a c t iv i ty  th a t  had been a p p l ie d  to  these  p la n ts ,  a 

s im i la r  p ro p o r t io n  to  th a t  removed d u r in g  the  tim e  course fee d s .

A h ig h  p ro p o r t io n  o f  the  r a d io a c t iv i t y  in  the  EtOAc f r a c t io n  was 

th e re fo re  expec ted to  be unm etabo lised  [^H]GA^^.
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I s o c r a t ic  re ve rse  phase HPLC a n a ly s is  o f the  crude a c id ic  

EtOAc f r a c t io n  (250mg) sugges ted th a t  a p p ro x im a te ly  15% o f  the  

r a d io a c t iv i t y  in  t h is  f r a c t io n  re p resen ted  p ro du c ts  more p o la r  

than  [ ^H]GA^^, w h i le  the  rem a inder was [^H]GA^^. The crude a c id ic  

EtOAc f r a c t io n  was p u r i f ie d  by DEAE-A25 Sephadex an ion  exchange 

chrom a tography. A m ajor peak (1 6 .7  x 10^ cpm, 60mg) and a la t e r  

e lu t in g  m inor peak ( 6 x 1 0  cpm) were d e te c te d . The re ve rse  phase 

HPLC p r o f i le  o f  the  m inor peak d i f fe r e d  to  th a t  o f  the  crude EtOAc 

f r a c t io n .  The m inor peak co n ta in ed  two p o la r  compounds, e lu t in g

a f t e r  9 .3  min and 10,5  min when ana lysed on a g ra d ie n t  o f  25-90%

MeOH over 30 min a t  a f lo w  ra te  o f  0.75cm^ min \  These peaks 

p o s s ib ly  re p re sen ted  p ro d u c ts  3 and 4 observed in  the  o r ig in a l  

t im e  course .

The m ajor peak, wh ich had a re ve rse  phase HPLC p r o f i le  

s im i la r  to  th a t  o f  the  crude EtOAc f r a c t io n ,  was p u r i f ie d  by 

e lu t io n  th rough  a Sep-Pak c a r t r id g e .  To sepa ra te  th e  m e ta b o l ite s  

from  th e  unm etabo lised [^H]GA^^ th e  whole f r a c t io n  (29mg) was p u r i 

f ie d  by is o c r a t ic  re ve rse  phase HPLC a t  65% MeOH. An i n i t i a l  

f r a c t io n  (5 .8  x 10^ cpm) c o n ta in in g  p roduc ts  more p o la r  than 

[^H]GA^^ was c o l le c te d ,  to g e th e r  w ith  a s e r ie s  o f la t e r  f r a c t io n s  

(1 0 .9  X 10^ cpm), d u r in g  wh ich a ra p id  g ra d ie n t  to  100% MeOH was 

ru n . I s o c r a t ic  re ve rse  phase HPLC a n a ly s is  o f  the  l a t e r  f r a c t io n s  

showed no tra c e  o f  any ra d io a c t iv e  component a p a r t  from  [^H]GA.j^. 

The i n i t i a l  f r a c t io n  (c o n ta in in g  th e  m e ta b o l ite s )  was fu r th e r  

ana lysed .
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A l iq u o ts  o f the  m e ta b o l ite  f r a c t io n  were ana lysed  im m ed ia te ly  

and a f t e r  the  f r a c t io n  had been d r ie d  and t ra n s fe r re d  to  a sm a ll 

v i a l .  Both ana lyses a re  shown in  f ig u r e  16. I t  is  apparen t 

th a t  the  peaks e lu t in g  p r io r  to  29 min were s im i la r  in  bo th  

a na lyse s , b u t th a t  the  le s s  p o la r  peaks were no t p re sen t in  the  

second a n a ly s is .  S ubsequently  the  whole f r a c t io n  was in je c te d  

and chrom a tographed u s in g  the  same g ra d ie n t  as in  f ig u r e  16.

N ine teen  2 min f r a c t io n s  and then  a s in g le  9 min f r a c t io n  were 

c o l le c te d .  The d is t r ib u t io n  o f  r a d io a c t iv i ty  was as expec ted from  

f ig u r e  16B. F ra c t io n s  were combined as d e ta i le d  in  Table 13.

TABLE 13, F ra c t io n s  combined a f t e r  a n a ly s is  o f  the  m e ta b o l ite  

f r a c t io n .

F ra c t io n s W e igh t
(mg)

R a d io a c t iv ity
(cpm)

3- 5 15 89,000

7- 9 8 277,000

10-12 3 185,000

13-15 3 162,000

The peaks observed in  f ig u r e  16 w ith  re te n t io n  tim es 7 .8 ,

1 0 .2 , 15.8 and 28.5  min may re s p e c t iv e ly  re p re se n t peaks 2, 4 , 6, 

and 12 d e te c te d  in  the  o r ig in a l  t im e  course e xpe rim en t. The 

percen tage conve rs io n s  o f  a p p l ie d  [^H]GA^^ to  these  peaks were 

re s p e c t iv e ly  0.2%, 0.06%, 0.7% and 0.4%, These va lues  are  c o n s id e ra b ly
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FIGURE IB . Reverse phase HPLC analyses of m etabolites. Gradient
analysis o f the [^H]GA^^ m etabolite fra c tio n  (see pages 108 and 

109 fo r  d e ta ils  o f th is  fra c tio n ) . A: 1.5% of fra c tio n  before 

drying and tra n s fe r. S: 1% of fra c tio n  a fte r  drying and tra n s fe r. 
Mobile phase; 35-90% MeOH, 0-30 min; 90-100% MeOH, 30-35 min; 
D.75cm^ min"^. Detector: R ad ioactiv ity  monitor, 100 cps f . s .d . ,  

10s time constant.

110



le s s  than the  co nve rs io n s  e s tim a te d  d u r in g  the tim e  course a n a ly s is ,  

b u t t h is  is  p robab ly  because the  l a t t e r  va lues were e s tim a te d  as a 

p ro p o r t io n  o f the  a c t i v i t y  o f the  crude EtOAc f r a c t io n s ,  w h i le  

in  t h is  experim en t th e  amounts were q u a n t i f ie d  d i r e c t l y .  The 

r e la t io n s h ip  o f the  peak w ith  a re te n t io n  tim e  o f 22 .5  min (0.5% 

o f  a p p l ie d  r a d io a c t iv i t y )  to  those d e te c ted  in  the  tim e  course is  

n o t known. No peak o f s im i la r  r e te n t io n  tim e  was d e te c te d  in  the  

tim e  course 43h bud e x t r a c t ,  b u t peaks 8 and 9 had the  re te n t io n  

tim es  c lo s e s t  to  22.5  m in.

I t  i s  apparen t from  Table 13 th a t  the  recovery  o f  ra d io 

a c t i v i t y  (750,000 cpm) was c o n s id e ra b ly  low er than  th e  5 .0  x 10^ cpm 

o r ig i n a l l y  e s tim a te d  to  be p re se n t in  the  m e ta b o l ite  f r a c t io n .  T h is  

d isc repancy  is  d i f f i c u l t  to  e x p la in .  I t  is  p o s s ib ly  due to  the  lo s s  

o f the  le s s  p o la r  peaks seen in  f ig u r e  16Aduring d ry in g  and d u rin g  

t r a n s fe r  between c o n ta in e rs . However, such com ple te  s e le c t iv e  

lo s s  o f the  le s s  p o la r  peaks is  cons ide red  u n l ik e ly .  A l t e r n a t iv e ly  

a m is take  may have been made when o r ig in a l ly  e s t im a t in g  the  ra d io 

a c t i v i t y  as 5 .8  X 10^ cpm. The presence o f  the  le s s  p o la r  peaks 

in  f ig u r e  1 BA may be an a r t i f a c t  caused by c a r ry -o v e r ,  on the  

in je c to r  and column, o f [^H]GA^^ from  the  p re p a ra t iv e  run  o f the  

whole e x t r a c t .  Such c a rry -o v e r  is  p o s s ib le  s in ce  the  a n a ly s is  in  

f ig u r e  1 BA fo llo w e d  im m ed ia te ly  a f t e r  the  in je c t io n  o f  the  whole o f 

th e  m ajor peak c o lle c te d  from  the  Sephadex column.

Each o f  the  combined f r a c t io n s  d e ta i le d  in  Table 13 was
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ana lysed  in  a s im i la r  manner. I n i t i a l l y  a l iq u o ts  were examined 

by is o c r a t ic  re ve rse  phase HPLC and c o - in je c te d  w ith  s tandards 

re p re s e n t in g  p o s s ib le  p ro d u c ts . A f te r  such p re l im in a ry  ana lyses 

the  whole o f  each f r a c t io n  was in je c te d .  F ra c t io n s  were c o lle c te d  

and those co rre sp on d ing  to  ra d io a c t iv e  peaks were k e p t ,  w h i le  the 

rem a inder were d is c a rd e d . R a d io a c t iv e  peaks were m e thy la ted  and 

a l iq u o t s  re -a n a ly s e d  by is o c r a t ic  re ve rse  phase HPLC p r io r  to  

in je c t io n  and p u r i f i c a t io n  o f  th e  whole m e thy la ted  sample. The 

p u r i f ie d  m e thy la ted  peaks were d e r iv a t is e d  to  t h e i r  co rrespond ing  

TMSi e th e rs  and ana lysed  by GC-MS. D e ta i ls  o f  the  a n a ly s is  o f  

each o f  th e  combined f r a c t io n s  a re  g ive n  below. When percen tages 

a re  g iven  in  t h is  s e c tio n  r e fe r r in g  to  p re p a ra t iv e  runs o f f r a c t io n s ,  

th e  f ig u re s  re p re s e n t percen tages o f the  t o t a l  amount o f  ra d io 

a c t i v i t y  recovered  from  th e  column d u r in g  the  p re p a ra t iv e  ru n .

F ra c t io n  3-5 ---------------------

When ana lysed  is o c r a t i c a l ly  a t  25% MeOH two ra d io a c t iv e  

peaks were d e te c ted  ( f ig u r e  17 ). The m ajor peak p robab ly  c o r re 

sponds to  th e  peak e lu t in g  a f t e r  7 .8  min in  f ig u r e  16, and e lu te d  

between GAg and GA^^» The m inor peak, e lu t in g  between GA^^ and

GA^g, p ro ba b ly  re p re s e n ts  the  peak e lu t in g  a f t e r  10.2 min in

f ig u r e  16.

The whole sample was in je c te d  a t  25% MeOH. The peaks were 

c o lle c te d  (82%) and m e th y la te d , w h i le  o th e r recovered  r a d io a c t iv i ty
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FIGURE 17. Is o c ra tic  reverse phase HPLC analyses of [^h 1gÂ ^ m etabolites. See
te x t fo r d e ta ils  of fra c tio n s . Arrows ind icate  the e lu tion  positions  

of authentic GAs when co-in jected  with m etabolites. Mobile phase; 
is o c ra tic , % MeOH as indicated in  fig u re ; IcmF min“^. Detector: 
R adioactiv ity  monitor, IDs time constant, f .s .d .  settings d eta iled

below:
Fractions 3- 5: 10% a liq u o t, ID cps f .s .d .

Fractions 7- 9: 4% a liq u o t, 30 cps f .s .d .

Fractions 10-12: 3% a liq u o t, 10 cps f .s .d .

Fractions 13-15: 12% a liq u o t. and ca.. 4 Kcpm *H]GA., 30 cps f .s .d .
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(18%) was d isca rd e d . The m ajor peak (60%) was re - in je c te d  a t  

]% MeOH. S uccessive one m inute  f r a c t io n s  were c o lle c te d  b u t no 

d is t in c t  peak was d e te c te d . The m inor peak (22%) was no t fu r th e r  

a n a lyse d .

F ra c t io n  7-9

T h is  f r a c t io n  co n ta in e d  a s in g le  ra d io a c t iv e  peak, p robab ly  

the  one w ith  a re te n t io n  tim e  o f 15.8  min in  f ig u r e  15. The peak 

co-chrom a tographed w ith  GA^g ( f ig u r e  1 7 ), The whole f r a c t io n  was 

run  is o c r a t i c a l ly  a t  40% MeOH and the  peak was c o lle c te d  (81%) 

and m e th y la te d . The d e r iv a t is e d  peak was re -ru n  a t  55% MeOH. A 

s in g le  peak, re te n t io n  tim e  9 .2  m in , was d e te c ted ,an d  c o lle c te d  

(78%). GC-MS a n a ly s is  o f  a p ro p o r t io n  o f t h is  peak, es tim a ted  

to  c o n ta in  ca.SOOng o f  ra d io a c t iv e  m e ta b o l ite ,  con f irm e d  the  

presence o f GA^g ( f ig u r e  1 8 ). No o th e r  known GAs were id e n t i f ie d .

F ra c t io n  10-12

T h is  f r a c t io n  co n ta in e d  a s in g le  peak, p ro ba b ly  the  one w ith  

a re te n t io n  tim e  o f 22 .5  min in  f ig u r e  16. The peak e lu te d  between 

GA^g and GA^g ( f ig u r e  1 7 ), The whole f r a c t io n  was in je c te d  a t  48% MeOH, 

the  peak c o lle c te d  (81%) and m e th y la te d . O ther recovered  ra d io 

a c t i v i t y  (19%) was d is c a rd e d . I s o c r a t ic  a n a ly s is  o f  the  m e thy la ted  

peak a t  70% MeOH showed a peak w ith  a re te n t io n  tim e  o f  7.1 m in.

I t  i s  p o s s ib le  th a t  o th e r  e a r l ie r  e lu t in g  ra d io a c t iv e  compounds 

were p re s e n t, b u t the  sm a ll amount o f sample a v a ila b le  p rec luded
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fu r th e r  in v e s t ig a t io n s .  The whole f r a c t io n  was in je c te d  and the 

peak c o lle c te d  (66%) w h i le  o th e r r a d io a c t iu i ty  (34%) was d iscarded» 

GC-MS a n a ly s is  o f  the  peak (na.45Gng o f ra d io a c t iv e  m e ta b o l ite )  

f a i le d  to  d e te c t any o f the  known GAs.

F ra c t io n s  13-15

Reverse phase HPLC a n a ly s is  showed a s in g le  peak wh ich 

e lu te d  c lo se  to  GA^, b u t a f t e r  GA^. The peak is  p ro ba b ly  the  

one w ith  a re te n t io n  tim e  o f  28.5  min in  f ig u r e  16.

The unknown peak co-chrom a tographed w ith  [^H]GA^ ( f ig u r e  17) 

b u t the  re s u l ta n t  peak was b roader than  expec ted . T h is  sugges ts 

th a t  the  m a jor component o f  the  unknown peak was n o t [^H]GA^, bu t 

does n o t exc lude the  p o s s i b i l i t y  th a t  some [^H]GA^ was p re s e n t.

The whole f r a c t io n  was in je c te d  and the  peak c o lle c te d  

(70%) w h i le  o th e r c o lle c te d  r a d io a c t iv i t y  (30%) was d is c a rd e d .

The peak was m e thy la ted  and re - ru n  a t  80% MeOH. The m ajor peak 

had a re te n t io n  tim e  o f  10 .6  m in . As in  f r a c t io n s  10-12 i t  is  

p o s s ib le  th a t  o th e r  e a r l ie r  e lu t in g  ra d io a c t iv e  compounds were 

p re s e n t, b u t aga in  th e  sm a ll amount o f  sample a v a i la b le  p rec luded  

fu r th e r  in je c t io n s .  The whole m e thy la te d  sample was in je c te d  a t  

80% MeOH and the  m a jo r peak (55%) c o l le c te d ,  w h i le  o th e r  c o lle c te d  

r a d io a c t iv i ty  (45%) was d is c a rd e d . GC-MS a n a ly s is  o f the  peak, 

e s tim a te d  to  c o n ta in  ca.lOOng o f  r a d io a c t iv e  m e ta b o l ite  f a i le d  

to  d e te c t any o f the  known GAs.
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T h e re fo re  GA^g was the  o n ly  one o f the  known GAs found in  

the  f r a c t io n s .  The GA^g found by GC-MS co u ld  be a m e ta b o l ite  o f 

[^H jCA^^ o r a l t e r n a t iv e ly  may re p re s e n t an endogenous GA. The 

fo rm e r is  cons ide red  more l i k e l y  s in c e  s tro n g  ch rom a tograph ic  

evidence f o r  the  presence o f  [^H]GA^g in  s u f f i c ie n t  amounts to  

g iv e  a mass spec trum  was o b ta in e d . F u r th e r ,  35, 13 -h y d ro x y la te d  

C^Q-GAs have n o t been found in  peas, a ltho u gh  such compounds cou ld  

re p re s e n t  a p o s s ib le  b io s y n th e t ic  pa th  to  GA^, re c e n t ly  re p o r te d  

in  peas by Ingram e t̂ a l . (1983 ) .  Even i f  GA^g is  an endogenous 

GA in  peas th e  s m a ll amount o f  t is s u e  e x tra c te d  wou ld p ro ba b ly  

exc lude  i t  as the  source o f the  GA^g seen.

Four o th e r peaks were observed in  f ig u r e  16. I t  i s  p o s s ib le  

t h a t  the  peaks w ith  re te n t io n  tim e s  7 .8 , 22 .5  and 28 .5  min separa ted  

in to  a number o f  components a f t e r  m é th y la t io n , b u t t h is  is  n o t 

c e r ta in  s in ce  the  low le v e ls  o f  r a d io a c t iv i ty  p reven ted  d e f in i t i v e  

ch rom a tog raph ic  a n a ly s is .  The id e n t i t y  o f  a l l  these  p ro du c ts  

rem a ins unknown, A la rg e  number o f  GAs a re  excluded on the  b a s is  

o f  t h e i r  HPLC re te n t io n  tim e s  (see s e c tio n  3 .2 ) ,  in c lu d in g  those 

id e n t i f ie d  by D u r le y  e t  a l .  ( I9 7 4 a ,b ) .  No GAs, a p a r t  from  GA^g 

were id e n t i f ie d  by GC-MS, a lth o u g h  t h is  may have been due to  the  

sm a ll masses o f  r a d io a c t iv e  m e ta b o l ite s  p re s e n t. The peaks w ith  

re te n t io n  tim e s  o f 7 .8  and 10.2 min in  f ig u r e  16 may correspond 

w ith  the  components th a t  were p re se n t in  the  m inor ( la t e r  e lu t in g )  

peak from  the  Sephadex column. I f  t h is  i s  so, these  compounds 

may n o t be f re e  GAs. I t  i s  p o s s ib le , f o r  example, th a t  they cou ld
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re p re s e n t  a c id ic  c o n ju g a te s ,

3 .5 .4 .  l l t lM '1 4  FEEDS: CONCLUSION

[^H]GA^^ was m e tab o lise d  to  a range o f more p o la r  p ro du c ts  

by c v . A laska s e e d l in g s . Only one o f  these  was id e n t i f ie d ,  as 

GA^g, The id e n t i t y  o f  th e  o th e r  p ro d u c ts  i s  unknown, b u t some 

o f  them were shown to  be d is s im i la r  to  th e  p ro d u c ts  found from  

[^H]GA^^ by D u r le y  e t  a l .  ( I9 7 4 a ,b ) .  GA^g appears to  be fu r th e r  

m e ta b o lis e d . The r e s u l t s  c o n f irm  th e  i j i  v iv o  c a p a c ity  o f  cv . 

A laska  s e e d lin g s  to  13 -h y d ro x y la te  a C-20-m e thyl GA, a lth o u g h  

th e  s u b s tra te  used has n o t been found as an endogenous c o n s t i tu e n t  

in  peas.
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3 ,6 .1 .  ALDEHYDE EXPERIMENTS: INTRODUCTION

Two tim e  course s tu d ie s  o f  [ ^H ]G A ^^m e tabo lism , a f t e r  

a p p l ic a t io n  to  the  ap ices  o f  pea p la n ts ,  are  re p o r te d . However, 

the  in te r p r e ta t io n  o f  th e  r e s u l t s  o f these s tu d ie s  is  d i f f i c u l t  

s in ce  o n ly  low le v e ls  o f  p o o r ly - re s o lv e d  p roduc ts  were d e tec ted  

and as [^HJGA^^ a ldehyde was found to  be u ns ta b le  d u r in g  

e x t r a c t io n .

3 . 6 . 2 . STABILITY OF [^H]GA^^ ALDEHYDE

The [^H]GA ^ 2  a ldehyde had been s to re d  c r y s ta l l is e d  a t  

~20°C f o r  6 years p r io r  to  use and a pp ro x im a te ly  60% had broken 

down. Most o f  th e  breakdown p ro du c ts  were more p o la r  than [^HJgA^^ 

a ldehyde when ana lysed  by e i th e r  re ve rse  phase HPLC o r by the  

s t r a ig h t  phase p re p a ra t iv e  HPLC sys tem , [^HjCA^^ accounted 

f o r  between 2% and 5% o f  th e  t o t a l  r a d io a c t iv i ty  p re s e n t ,  

C h ro m a to g ra p h ica lly  pure [^HJGA^^ aldehyde and [^H]GA ^ 2  were 

o b ta in e d  by success ive  p u r i f i c a t io n s ,  i n i t i a l l y  by p re p a ra t iv e  

s t r a ig h t  phase HPLC and then  by re ve rse  phase HPLC, The id e n t i t y  

o f  each o f these compounds was con f irm ed  by co-chrom a tography 

w ith  u n la b e lle d  s ta n d a rd s .

The p u r i f ie d  [^HJGA^^ a ldehyde was s to re d  c r y s ta l l is e d  

a t  -20°C , Breakdown co n t in u e d  to  occur and r e - p u r i f i c a t io n  was 

c a r r ie d  ou t when necessary . P r io r  to  each exper im en t the  ra d io 

chem ica l p u r i ty  o f  th e  [^HJGA^^ aldehyde to  be used was con firm ed  

by re ve rse  phase HPLC a t  80% MeOH ( r e te n t io n  tim e  [^HJGA^^ aldehyde; 

12,7  m in ). The p u r i f ie d  [^H]GA ^ 2  was s to re d  in  MeOH a t  -20°C 

and appeared s ta b le .
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To check the  s t a b i l i t y  o f  a ldehyde d u r in g  the

p u r i f i c a t io n  and a n a ly s is  o f  e x t ra c ts  3 .8  x 1O^cpm o f [ ^ h IGA^^

aldehyde was added to  each o f  two e x t ra c ts  d u r in g  hom ogen isa tion .

A f te r  removal o f the  MeOH in  vacuo a t  40°C the  e x tra c ts  were #

d is s o lv e d  in  pH8 0.5M phospha te b u f fe r  and were p a r t i t io n e d  f;

3tw ic e  a g a in s t  /5  volumes o f pe tro leum  e th e r .  The aqueous 

phase was then a c id i f ie d  and p a r t i t io n e d  f i v e  tim es  a g a in s t  /5  

volumes o f EtOAc. A n a ly s is  o f  th e  EtOAc f r a c t io n s  by reve rse  

phase HPLC a t  80% MeOH showed t h a t  e x te n s iv e  breakdown o f  the  y/

[^H]GA ^ 2  a ldehyde had o ccurred  d u r in g  e x t ra c t io n  ( f ig u r e  1 9 ). ■

I t  was found th a t  most o f  the  [^H]GA ^ 2  aldehyde is  

removed from  a pH8 aqueous e x tr a c t  by p a r t i t io n in g  a g a in s t
i

petro leum  e th e r .  Thus in  th e  above e x t ra c t io n  the  pe tro leum

5e th e r phase co n ta in ed  2 .5  x 10 cpm, w h i le  the  EtOAc phase 

co n ta in ed  o n ly  7 x lO^cpm. Toluene was a ls o  found to  remove 

most o f  the  [^H]GA ^ 2  aldehyde from  a pH8 aqueous e x t r a c t ,  and 

a o f  0.35  was found between pure pH8 b u f fe r  and to lu e n e :

(K^ = c o n c e n tra t io n  in  aqueous p h a s e /c o n c e n tra t io n  in  o rg a n ic  J
Si

phase). Much le s s  [^H ]G A.^ p a r t i t io n e d  in to  the  o rg a n ic  s o lv e n t

■ irk
under s im i la r  c ircu m s ta n ce s . A K . o f  10.9  was found between M

pure pH8 b u f fe r  and to lu e n e  f o r  [^H]GA^2 '

[^H]GA ^ 2  a ldehyde d id  n o t appear to  breakdown on the  

p la n t  su r fa c e  d u r in g  the  fe e d s . Im m ed ia te ly  p r io r  to  e x t ra c t io n

the  p o in t  o f a p p l ic a t io n  o f  [^H ]G A.^ a ldehyde was washed w ith  50% Î

aqueous MeOH. These r in s e s  were ana lysed by is o c r a t ic  reve rse  

phase HPLC and found to  c o n ta in  o n ly  [^H]GA ^ 2  a ldehyde.
t:
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3 .6 .3 .  1!H]GA^2 aldehyde TIME COURSE FEEDS

Tiiio tim e  course feeds were c a r r ie d  o u t us ing  seven day 

o ld  p la n ts  o f the  c u l t i v a r  A la ska . Ten p la n ts  were used per 

tre a tm e n t and each p la n t  re c e iv e d  ca. 1 .5  x 1G^cpm 

aldehyde (ca . 3 .5 jjg ) .  In  th e  second exper im en t some p la n ts  

a ls o  re ce ive d  9 .5 jjg  GA^. T h is  was a p p l ie d  in  an a tte m p t to  

p re ve n t the  p o s s ib le  ra p id  fu r th e r  m etabolism  o f  p ro du c ts  from 

[^H]GA ^ 2  a ldehyde, by s a tu ra t in g  the  enzyme systems w ith  GA^.

The amounts o f  [^d jG A^^ a ldehyde a p p l ie d  in  the  experim ents  

are  d e ta i le d  in  Tab le 14.

Whole p la n ts  were e x tra c te d  a f t e r  r in s in g  the  ap ices 

w ith  50% aqueous MeOH. The e x t ra c ts  were p u r i f ie d  by p a r t i t io n in g  

the  pH8 aqueous phase a g a in s t  to lu e n e  and by s lu r r y in g  w ith  PUP, 

The crude a c id ic  EtOAc f r a c t io n s  were ana lysed by re ve rse  phase 

HPLC. D e ta i ls  o f the  re co ve ry  and d is t r ib u t io n  o f  r a d io a c t iv i ty  

a f t e r  p a r t i t io n in g  a re  g ive n  in  Table 14.

I t  i s  appa ren t from  Table 14 th a t  th e  re co ve ry  o f  a p p l ie d  

la b e l was h ig h  in  bo th  e xpe rim en ts , A la rg e  p ro p o r t io n  o f the  

recovered  r a d io a c t iv i t y  was in  the  to lu e n e  phase, p o s s ib ly  

in d ic a t in g  th a t  a la rg e  p ro p o r t io n  o f  the  [^H]GA ^ 2  aldehyde was 

unm etabo lised . As in  the  [^H]GA^^ experim en ts the  f ig u r e s  must 

be tre a te d  w ith  some c a u tio n  s in c e  no c o r re c t io n  was made fo r  

the  c o u n tin g  e f f ic ie n c y  b e fo re  c a lc u la t in g  th e  percentages 

p resen ted  in  Table 14.

Only a sm a ll amount o f  r a d io a c t iv i ty  was found in  the 

EtOAc f r a c t io n s ,  and t h is  was n o t in c re ase d  by use o f a GA-,
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"c o ld  t r a p " .  The crude EtOAc f r a c t io n s  had s im i la r  p r o f i le s  when 

ana lysed  by reve rse  phase HPLC, a lth o u g h  the  ve ry low le v e ls  o f 

r a d io a c t iv i t y  p re se n t made com par isons d i f f i c u l t .  T y p ic a l ly  

the  m ajor peak had a s im i la r  to  th a t  o f [^H]GA^2 * L i t t l e  o r 

no [^H]GA ^ 2  a ldehyde was p re s e n t .  Each EtOAc f r a c t io n  a lso  

co n ta in ed  low le v e ls  o f  a range o f  in c o m p le te ly  re s o lv e d  

p ro d u c ts , a l l  more p o la r  than [^HJGA^^* A pa rt from  th e  presence 

o f  the  [ ] GA^2 “ l iL e  component no o th e r peak was c o n s is te n t ly  

d e te c ted  in  the  p r o f i le s  o f  the  crude EtOAc f r a c t io n s .  The 

p r o f i le  o f the  EtOAc f r a c t io n  o f  the  11h e x tr a c t  from  the  second 

feed is  shown in  f ig u r e  19, The tra c e  i l lu s t r a t e s  th e  la rg e  

number o f  p o o r ly  re s o lv e d  compounds, more p o la r  than 

a ldehyde, wh ich were d e te c te d  in  th e  EtOAc f r a c t io n s .  The 

p ro du c ts  p re sen t in  th e  e x tr a c t  shown are  more e a s i ly  

d is t in g u is h e d  from  each o th e r  than in  most o f the  ana lyses 

o f  the  EtOAc f r a c t io n s .

I t  appears th a t  th e  b u lk  o f  the  a p p l ie d  [SH]GA^2 ^P 0 s s ib ly  

remained unm etabo lised , d e s p ite  c a . 50% no t be ing  removed by the  

MeOH r in s e s  o f  the  p la n t  s u r fa c e  ( i . e .  a p p a re n t ly  ç a . 50% was 

abso rbed). The p ro du c ts  observed in  the  EtOAc f r a c t io n  were 

p re se n t in  ve ry low amounts and o n ly  a s in g le  peak, w ith  a 

re te n t io n  tim e  s im i la r  to  [^H]GA ^ 2  a ldehyde, was c o n s is te n t ly  

found . In  view o f th e  p re v io u s  re s u l t s  show ing th a t  [^HjGA^g 

a ldehyde b roke down s ig n i f i c a n t l y  d u r in g  e x t ra c t io n  i t  i s  

cons ide red  q u ite  l i k e ly  th a t  some o f  the  p ro du c ts  observed were 

the  r e s u l t  o f non -m e ta bo lic  co n ve rs io n s .
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3 .7 .1 .  [^HlGAg FEEDS: INTRODUCTION

Time course feeds were made to  in v e s t ig a te  whether the  

m etabolism  o f [^H]GAg d i f fe r e d  between l ig h t -g ro w n  p la n ts  o f the  

c u l t iv a r s  A laska , Me teor and P rogress N o.9; and between l ig h t -  

and dark-grow n p la n ts  o f  cv . A laska . P re l im in a ry  exper im en ts  

in v e s t ig a te d  the  s t a b i l i t y  o f [^H]GAg d u rin g  a n a ly s is ,  the  

t ra n s lo c a t io n  o f the  a p p l ie d  la b e l and the  e f f e c t  o f  dose on 

the  p a t te rn  o f  m e ta b o l ite s . Subsequently  the  r e s u l t s  o f the  

tim e  course feeds are re p o r te d . A f te r  a n a ly s is  o f the  in d iv id u a l 

e x t ra c ts  s e le c te d  e x tra c ts  were bu lked  and fu r th e r  ana lysed in  

an a tte m p t to  id e n t i f y  the  ra d io a c t iv e  compounds p re s e n t.

A n a ly s is  o f the  bu lked  e x t ra c ts  is  a lso  re p o r te d .

3 .7 .2 .  [^H lGAg FEEDS: PRELIMINARY EXPERIMENTS

The ra d io ch e m ica l p u r i ty  o f the  [^H]GAg was con f irm ed  by

is o c r a t ic  re ve rse  phase HPLC a t  65% MeOH (R, [^H]GAn ca. 9 .5  m in)z a —

p r io r  to  a l l  expe r im en ts .

The s t a b i l i t y  o f  [^H]GAg d u rin g  e x t ra c t io n  was in v e s t ig a te d , 

[^H]GAg was added to  d u p l ic a te  e x tra c ts  in  phospha te b u f fe r  and 

th e  EtOAc f r a c t io n ,  o b ta in e d  a f t e r  p a r t i t io n in g ,  was analysed by 

re ve rse  phase HPLC a t  65% MeOH. [^H]GAg was the  o n ly  ra d io a c t iv e  

compound p re s e n t. P o ss ib le  breakdown was a ls o  in v e s t ig a te d  under 

more severe c o n d it io n s  by add ing [^H]GAg to  a crude m e thano lic  

t is s u e  e x t r a c t ,  which was evapora ted  to  dryness in  vacuo and then
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l e f t  on the  ro ta ry  f i lm  e va p o ra to r fo r  a fu r th e r  25 m in . The 

re s id u e  was taken up in  25cm^ o f phospha te b u f fe r ,  p a r t i t io n e d  

a g a in s t  pe tro leum  e th e r and f i l t e r e d  th rough  c e l lu lo s e  powder.

The aqueous phase was reduced to  ca. Icm^ in  vacuo a t  4G°C, 

u lt ra s o n ic a te d ,  d i lu te d ,  r e - p a r t i t io n e d  a g a in s t  pe tro leum  e th e r ,  

a d ju s te d  to  pH2.5 and p a r t i t io n e d  a g a in s t  EtOAc. I s o c r a t ic  reve rse  

phase HPLC o f the  crude EtOAc f r a c t io n  showed ç a . 25% breakdown 

to  more p o la r  p ro d u c ts . A reve rse  phase HPLC g ra d ie n t  a n a ly s is  

o f  th e  e x tr a c t  i s  shown in  f ig u r e  20, the  re te n t io n  tim es  o f the  

peaks were : [^H]GAg, 34.7  m in; breakdown p ro d u c ts , 2 4 .5 , 2 7 .6 ,

28 .0  and 29.4  m in.

The t ra n s lo c a t io n  o f  a p p l ie d  la b e l was in v e s t ig a te d  by 

fe e d in g  [^H]GAg to  th e  ap ices  o f  e leven day o ld  l ig h t -g ro w n  

s e e d l in g s , cv . A laska . S ince a f t e r  3 days very  l i t t l e  o f  the  

la b e l was t ra n s lo c a te d  o u t o f the  shoo ts  (Tab le  15), o n ly  the  sh oo ts , 

e xc ised  a t  th e  c o ty le d o n a ry  node, were e x tra c te d  in  fu r th e r  

expe rim en ts . Recovery o f the  a p p l ie d  la b e l was h ig h .

The e f fe c t  o f  dose was in v e s t ig a te d  by t r e a t in g  l ig h t -g ro w n  

7 day o ld  s e e d l in g s , cv . A laska , w ith  T2 x lO^dpm [^H]GAg, 3.4ng, 

d i lu te d  w ith  e i th e r  0, 28, 280 o r 2800ng o f  u n la b e lle d  G A g .

A f te r  23h the  shoo ts  o f te n  p la n ts  re c e iv in g  each dose were 

exc ised  a t  the  c o ty le d o n a ry  node, e x tra c te d  and the  crude EtOAc 

f r a c t io n s  ana lysed by re ve rse  phase HPLC. The d is t r ib u t io n  o f 

r a d io a c t iv i t y  is  shown in  Table 16, Reverse phase HPLC tra c e s
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TABLE 15, [^H]GAg ; D is t r ib u t io n  o f  la b e l 3 days a f t e r  a p p l ic a t io n  

to  the  apex.

P la n t  P a r t E x tra c te d % Of A pp lie d  A c t i v i t y

50% MeOH wash o f  a p ic a l re g io n 42.7%

T erm ina l expanded le a f  and a p ic a l bed 36.2%

Remainder o f  shoo t 3.9%

C o tyledons 0.2%

Roots 0.3%

T o ta l re co ve ry 83.3%

a re  shown in  f ig u r e  21 and summarised in  Table 18. The methods 

used to  number the  peaks and to  e s tim a te  the  percentage conve rs io n s  

o f  a p p lie d  r a d io a c t iv i t y  a re  d iscussed when the  tim e  course [^H]GAg 

feeds are  cons ide red  (s e c t io n  3.7,3.). P r io r  to  e x t r a c t io n  the  a p ices  

o f  the  p la n ts  re c e iv in g  each dose were r in s e d  w ith  50% aqueous 

MeOH, which was subsequen tly  ana lysed by is o c r a t ic  re ve rse  phase 

HPLC a t  65% MeOH. [^H]GAg was the  o n ly  ra d io a c t iv e  compound 

d e te c te d , in d ic a t in g  th a t  i t  was s ta b le  on the  p la n t  s u r fa ce  d u rin g  

the  feeds .

The d is t r ib u t io n  o f r a d io a c t iv i ty  on p a r t i t io n in g ,  and 

the  re ve rse  phase HPLC p r o f i le s  o f  the  e x tra c ts  appear s im i la r  a t  

a l l  doses, su gg e s ting  th a t  the  amount o f  GAg a p p l ie d , from  3.4ng 

to  2800ng^ d id  n o t s ig n i f i c a n t l y  a f f e c t  the  p a t te rn  o f  m e tabo lism .
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TABLE 16, ^H]CAg: Dose e f fe c t  e xpe rim en t, d is t r ib u t io n  o f

r a d io a c t iv i ty  a f t e r  p a r t i t io n in g .  A l l  f ig u re s  are  

percen tages o f a p p l ie d  r a d io a c t iv i ty  c a lc u la te d  

a f t e r  c o r re c t io n  fo r  quenching.

A d d it io n a l
GAg

re c e iv e d

(ng)

F ra c t io n
T o ta l

50% MeOH Toluene Aqueous EtOAc

0 11% 0% 21% 30% 62%

28 11% 1% 21% 26% 59%

280 - 1% 23% 45% 69%

2800 32% 0% 12% 28% 72%

By m is take  a 50% aqueous MeOH r in s e  was no t made o f  the  p la n ts  

t re a te d  w ith  280ng. However, from  the  p a r t i t io n in g  da ta i t  

i s  apparen t th a t  the  r a d io a c t iv i t y  n o t washed o f f  appeared in  

the  EtOAc f r a c t io n ,  as wou ld be expec ted . The peaks d e te c ted  by 

re ve rse  phase HPLC show some v a r ia t io n  in  s iz e  between e x tr a c ts ,  

b u t a llo w in g  f o r  the  e r ro rs  in v o lv e d  in  e s t im a t in g  th e  amounts 

o f  the  p ro du c ts  these  v a r ia t io n s  a re  n o t cons idered  s ig n i f ic a n t .  

C onsequently i t  was conluded th a t  the  dose o f  [^H]GAg a p p l ie d , 

from  5.4ng to  2800ng d id  n o t m arkedly a f f e c t  the  p a t te rn  o f 

m e tabolism  observed.
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3 .7 .3 .  [^HlGAg TIME COURSE FEEDS; IN IT IAL ANALYSES OF

INDIVIDUAL EtOAc FRACTIONS

Two tim e  course feeds were conducted in  which [^H]CAg was 

a p p l ie d  to  the  ap ices  o f  young peas. In  each exper im en t p la n ts  

were harves ted  a f t e r  a p p ro x im a te ly  1, 8, 24 and 48h. Only the  

sh o o ts , exc ised  a t  the  c o ty le d o n a ry  node, were e x tra c te d .

In  the  f i r s t  experim en t ( fe e d  I )  each e ig h t  day o ld

s e e d lin g  o f  the  c u l t i v a r  A laska , grown in  e i th e r  the  dark o r

in  the  l ig h t ,  re ce ive d  1-0 x 1O^dpm (2 .9n g ) o f  [^H]OAg. Ten

l ig h t -g ro w n  and ten  dark-grow n p la n ts  were e x tra c te d  1, 6 .5 , 27

and 53h a f t e r  tre a tm e n t. In  th e  second exper im en t (fe e d  I I )

each seven day o ld  l ig h t -g ro w n  s e e d lin g  o f  the  c u l t iv a r s  A laska , 
and

M e teo r/P rog ress  N o.9 re ce ive d  9 .6  x 10 dpm (2 .7 n g ) o f  [^H]GAg. 

F if te e n  p la n ts  o f each c u l t i v a r  were e x tra c te d  a f t e r  1, 8 .5 , 25 

and 4 8 .5h. D uring  th e  p u r i f i c a t io n  o f  e x t ra c ts  o f  feed I  th e  pH8 

aqueous phases were p a r t i t io n e d  a g a in s t  to lu e n e . P e troleum  e th e r 

was used in s te a d  o f to lu e n e  f o r  feed  I I .  S ubsequently  the  aqueous 

phases in  bo th  experim en ts  were a c id i f ie d  and p a r t i t io n e d  a g a in s t 

EtOAc.

The d is t r ib u t io n  o f recovered  r a d io a c t iv i ty  on p a r t i t io n in g  

is  shown in  Table 17 f o r  bo th  fe e d s . I t  i s  apparen t th a t  the  

re co ve ry  o f r a d io a c t iv i ty  was h ig h  in  a l l  e x t r a c ts ,  w ith  the  

e xce p tio n  o f  the  1 h dark e x t r a c t  o f cv . A laska , ca .̂ 50% o f wh ich 

was s p i l t .  R ecover ies in  excess o f  100% r e f le c t  e r ro rs  in  the
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c o u n tin g  o f  the  r a d io a c t iv i t y .  The p a r t i t io n in g  da ta  sugges ted 

th a t  the  [^HjGAg was e x te n s iv e ly  m e tabo lised  to  more p o la r  compounds 

d u r in g  the  fee d s . Thus, as the  d u ra t io n  o f the  feeds became lo n g e r, 

the  r a d io a c t iv i ty  recovered  in  the  o rg a n ic  phases decreased, w h i le  

th e  r a d io a c t iv i ty  recovered  in  the  aqueous phase in c re a s e d . No 

s ig n i f ic a n t  d if fe re n c e s  were apparen t between c u l t iv a r s  o r between 

l ig h t -  and dark-grow n s e e d lin g s  o f cv . A laska . The re co ve ry  o f  the  

a p p l ie d  la b e l decreased as th e  d u ra t io n  o f  the  feeds in c re a se d , 

perhaps r e f le c t in g  co nve rs io n  to  v o la t i le  compounds (e .g .  w a te r ) .

A l iq u o ts  o f  th e  crude EtDAc f r a c t io n s  o f  a l l  th e  e x tra c ts  

were ana lysed  by re ve rse  phase HPLC. R e p re se n ta tive  tra c e s  f o r  

each tim e  course are  shown in  f ig u re s  22 to  26. The ra d io a c t iv e  

peaks d e te c ted  were numbered a f t e r  comparing the  tra c e s  from  a l l  

the  [^H]GAg tim e  course feeds w ith  each o th e r ,  and w ith  those 

from  the  [^H]GAg d o s e -e f fe c t  e xpe rim en t. Peaks d e te c te d  in  

d i f f e r e n t  a n a lyse s , b u t which had s im i la r  re te n t io n  tim e s  were 

a llo c a te d  the  same number, in  o rd e r o f  in c re a s in g  re te n t io n  t im e .

Two peaks a llo c a te d  th e  same number had s im i la r  r e te n t io n  tim es 

b u t may no t have n e c e s s a r i ly  re p re sen ted  the  same compound. The 

com parison o f tra c e s  was complex due to  the  la rg e  number o f p ro du c ts  

de te c te d  and due to  sm a ll v a r ia t io n s  in  th e  re te n t io n  tim e s  o f peaks 

caused by the  use o f d i f fe r e n t  columns and, to  a le s s e r  e x te n t,  by 

in t e r - r u n  d if fe re n c e s  on a s in g le  column. Some c o r re c t io n  was made 

f o r  these  v a r ia t io n s  by a n a ly s in g  c e r ta in  e x t ra c ts  on two colum ns, 

and by com paring th e  e lu t io n  p o s i t io n s  o f  peaks a f t e r  a l ig n in g  

p rom inen t c o n s t i tu e n ts ,  u s u a lly  peaks 23, 24 and 28, Each o f  the  

l a t t e r  peaks was assumed to  be re p re s e n t in g  the  same compound 

in  the  d i f f e r e n t  e x t r a c ts .  The numbering o f  peaks
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I
p r io r  to  number 11 was a lm os t c o m p le te ly  a r b i t r a r y  and im p lie s  

l i t t l e  r e la t io n s h ip .  In  t h is  p a r t  o f the  chromatograms a la rg e

number o f s m a ll peaks were d e te c te d . These were o f te n  p o o r ly  

re s o lv e d  and i t  i s  p o s s ib le  th a t  more o r le s s  than ten  p roduc ts  

were p re s e n t. The a r b i t r a r y  numbering o f  these peaks from  1 to  

10 is  in ten d ed  s im p ly  as a rem inder th a t  a range o f p o la r  compounds 

were p re s e n t.

'-"T

I

The amounts o f th e  v a r io u s  p ro du c ts  d e te c ted  were e s tim a te d  

as fo l lo w s .  The t o t a l  o f  a l l  the  peak h e ig h ts  in  a tra c e  was 

found and t h is  was d iv id e d  in to  the  t o t a l  r a d io a c t iv i t y  d e te c ted  

in  the  EtDAc phase to  g iv e  the  r a d io a c t iv i ty  th a t  each mm o f peak 

h e ig h t  re p re se n te d . Each peak h e ig h t  was then  m u l t ip l ie d  by t h is  

f ig u r e  ( r a d io a c t iv i ty  pe r mm o f  peak h e ig h t )  to  g iv e  an e s tim a te  

o f the  amount o f p ro d u c t th a t  each peak re p re se n te d . T h is  is  

expressed in  the  r e s u l t s  ta b le s  as a percen tage o f th e  r a d io a c t iv i ty  

a p p l ie d . There a re  a number o f  p o s s ib le  sources o f  e r ro r  in h e re n t  

in  each c a lc u la t io n

a) The c a lc u la t io n  assumed th a t  peak h e ig h t  i s  p ro p o r t io n a l to  

peak s iz e .  T h is  is  t ru e  f o r  c o m p le te ly  re so lve d  peaks re ta in e d  

on a l in e a r  g ra d ie n t  . However, the  s iz e  o f  in c o m p le te ly  re so lve d  

peaks (e .g .  peaks 23 and 24) w i l l  tend  to  have been o ve res tim a te d  

as no a llow ance  was made fo r  in com ple te  r e s o lu t io n .

b) The ch o ice  o f  a background le v e l o f  r a d io a c t i v i t y ,  from  

wh ich peak h e ig h ts  were measured, was sometimes d i f f i c u l t .

I

o

I



c ) A f u l l  s ca le  d e f le c t io n  a t  the  s e n s i t i v i t y  used (30 cps 

f . s . d . )  corresponded to  c a . 900 co u n ts . For s m a lle r d e f le c t io n s  

th e  number o f coun ts  i s  reduced p ro p o r t io n a te ly .  The normal 

s t a t i s t i c a l  e r ro rs  a ss o c ia te d  w ith  c o u n tin g  r a d io a c t iv i ty  a p p ly .

d) Sm all peaks were n o t measured, so consequen tly  the  s iz e s  

o f  la rg e r  peaks w i l l  have been o ve re s t im a te d  as a f r a c t io n  o f 

th e  w hole.

I t  i s  apparen t from  Table 18 and from  the  tra c e s  in  f ig u re s  

22 to  26 th a t  th e  [^H]GAg was m e tabo lised  to  in c re a s in g  amounts 

o f  more p o la r  ( e a r l ie r  e lu t in g )  compounds as the  d u ra t io n  o f the  

feeds in c re a s e d . T h is  o b s e rv a t io n  is  c o n s is te n t w ith  the  tre n d  

sugges ted by th e  p a r t i t io n in g  d a ta . The amount o f unm etabo lised 

[^H]OAg (peak 28) recovered  from  lig h t -g ro w n  p la n ts  g e n e ra lly  

decreased w ith  tim e  in  feed  I I ,  b u t rema ined co n s ta n t in  feed I .  

The absence o f  any [^H]GAg in  the  1h e x tra c t  l ig h t -g ro w n  peas o f 

feed  I  is  s u rp r is in g  and appeared in c o n s is te n t  w ith  the  r e s u l t s  

from  the  re s t  o f the  e x tra c ts  in  th a t  t im e  course . There was 

g e n e ra lly  le s s  [^H]GAg re m a in in g  unm etabo lised in  e x t ra c ts  

o f  dark-grow n t is s u e  than  in  the  e x tra c ts  o f  l ig h t -g ro w n  t is s u e .  

T h is  does n o t n e c e s s a r i ly  in d ic a te  th a t  th e re  is  fa s te r  endogenous 

m etabolism  in  the  d a rk , s in c e  a number o f  o th e r  fa c to rs  such as 

p e n e tra t io n  and t ra n s p o r t  cou ld  a f f e c t  the  m etabolism  o f  the  

a p p l ie d  la b e l.  The percen tage  o f  th e  a p p l ie d  [^H]GAg th a t  was 

m e tab o lise d  was always h ig h .
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The peaks numbered 23, 24 and 25 appeared to  be e a r ly  

p ro d u c ts , which were fu r th e r  m e ta b o lise d , in  a l l  the  tim e  courses . 

T h is  sugges ts th a t  these  peaks re p re sen ted  id e n t ic a l  compounds in  

a l l  the  e x tr a c t s .  Peak 25 appeared absen t from  the  1h dark e x t r a c t  

o f  c\j, A laska , b u t t h is  was p ro b a b ly  due to  in com ple te  re s o lu t io n ,  

d u rin g  HPLC a n a ly s is ,  from  peak 24, A l l  th re e  peaks were 

in c o m p le te ly  re s o lv e d  and so t h e i r  s iz e s  w i l l  have tended to  have 

been s l ig h t l y  o ve re s t im a te d  by the  method o f  c a lc u la t io n  used.

Peaks 20, 23, 24 and 26 had s im i la r  re te n t io n  tim es  to  

th re e  o f  the  peaks observed in  the  a c id ic  EtDAc f r a c t io n  o f  the  

c o n t ro l e x t r a c t  shown in  f ig u r e  20. A p o s s ib le  in t e r p r e ta t io n  

o f  the  reduced amounts o f  these  peaks p re sen t in  the  la t e r  

e x tra c ts  o f  the  tim e  course feeds is . th a t  they  re p re sen ted  b re ak

down p ro du c ts  o f  [^H]GAg and th a t  th e  amounts p re se n t in  e x tra c ts  

decreased as th e  amount o f  unm etabo lised  [^HjGAg decreased. T h is  

is  g e n e ra lly  c o n s is te n t  w ith  the  da ta in  Table 18, a lth o u g h  the  

53h l ig h t  e x t r a c t  o f  c v , A laska in  feed I  co n ta in ed  a la rg e  amount 

o f  unm etabo lised [^H]GAg b u t o n ly  low amounts o f peaks 23, 24 and 

26. However, i t  i s  co ns ide re d  u n l ik e ly  th a t  breakdown made a 

s ig n i f ic a n t  c o n t r ib u t io n  to  th e  amounts o f  peaks 20, 23, 24 and 

26 observed in  the  tim e  course  e x t r a c t s .  T h is  is  because the  

c o n t ro l e x t r a c t  was t re a te d  much more s e v e re ly  than the  tim e  

course e x tra c ts  b u t co n ta in e d  le s s  o f  these p ro d u c ts .
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The p a t te rn  o f m e tabolism  appeared ve ry  s im i la r  in  the  

two feeds to  l ig h t -g ro w n  p la n ts  o f cv . A laska , bo th  in  term s o f 

the  m e ta b o l ite s  d e te c te d , and the  d is t r ib u t io n  o f these  p roduc ts  

in  the  e x tra c ts  made a t  the  d i f f e r e n t  t im e s . Thus in  bo th  feeds

re ve rse  phase HPLC us in g  the g ra d ie n t ;  25-

m in: 70-100% MeOH, 30-33 min •

GAg GA^ G A r5 GA2 0 G A , GAg

5 .4 11 .4 19.7 21 .0 30.6 34.0

5.6 11.6 20.0 21 .2 30.6 3 3 . 9

5 .5 11 .5 19.8 2 1 . 2 30.6 34.0
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peaks 12 and 15 appeared to  be in te rm e d ia te s  which were fu r th e r  

converted  d u r in g  the  fee d s . The amount o f peak 18 d e te c te d  was 

ro u g h ly  c o n s ta n t a f t e r  6h. T h is  may in d ic a te  th a t  fu r th e r  

m etabolism  d id  n o t occur o r th a t  the  ra te s  o f s y n th e s is  and 

m e tabolism  o f t h is  p ro d u c t were s im i la r .  Peak 18 had a s im i la r  

re te n t io n  tim e  to  [^HJGA^q (see Table 1 9 ), and is  th o u g h t to  be 

th e  peak la t e r  id e n t i f ie d  as [^H]GA„p from  the  c v . M eteor and 

c v . P rogress N o.9 e x t ra c ts  o f feed I I .  Peak 11 seemed to  be 

p re sen t in  in c re a s in g  amounts as the  d u ra t io n  o f  th e  feeds 

in c re a se d . I t  is  p o s s ib le  th a t  the  le v e ls  o f  the  more p o la r  

compounds found in  the  EtOAc phase o f  the  e x tra c ts  may be con

s id e ra b ly  le s s  than th e  amount o f th e  p ro d u c t a c tu a l ly  produced, 

s in c e  a s ig n i f ic a n t  p ro p o r t io n  may have remained in  th e  aqueous 

phase on p a r t i t io n in g . i
:t':5

I
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Comparison o f  th e  p a t te rn  o f  m e tabolism  o f  [®H]GAg by l i g h t -  

and dark-g row n p la n ts ,  c v . A la ska , re v e a ls  t h a t  i t  was g e n e ra lly  

s im i la r ,  a lth o u g h  th e  amounts o f  unm etabo lised  [^HjGAg th a t  

rem a ined do seem to  have d i f fe r e d ,  A la rg e r  number o f  more p o la r  

compounds were no ted in  th e  27h dark  e x t r a c t  than  in  most o f  the  

o th e r  e x tra c ts  o f  c v , A la ska . L a rge r numbers o f  more p o la r  

compounds were a ls o  d e te c te d  in  many o f  th e  o th e r  e x tra c ts  

(e s p e c ia lly  o f  cv . M e teor and c v . P rogress N o,9) t h a t  were n o t 

dom ina ted by one o r  two la rg e  peaks. The la c k  o f  d o m ina ting  

m e ta b o l ite s  meant th a t  a la r g e r  p ro p o r t io n  o f  th e  e x t r a c t  co u ld  

be in je c te d  (b e fo re  f u l l - s c a le - d e f le c t io n  was o b ta in e d ) ,  so th a t  

th e re  was more l ik e l ih o o d  o f  m inor c o n s t i tu e n ts  be ing  d e te c te d . 

T h e re fo re  th e  d i f fe re n c e s  in  th e  peaks d e te c te d  may n o t  always 

in d ic a te  d i f fe re n c e s  in  th e  p a t te rn  o f  m e tabo lism .

The e x t ra c ts  o f  dark-g row n t is s u e  o f  c v , A laska co n ta in ed  

a compound s im i la r  to  peak 12, d e te c te d  in  th e  e x tra c ts  o f  l i g h t -  

grown t is s u e ,  b u t peak 15 appeared to  be a b se n t. I t  i s  n o t c le a r  

w he ther peak 17 was caused by a d i f fe r e n t  compound to  t h a t  caus ing  

peak 18. In  th e  case o f  th e  e x tra c ts  o f  l i g h t -  and dark-g row n 

t is s u e ,  c v , A la ska , i t  i s  cons ide red  u n l ik e ly ,  s in c e  o n ly  one 

peak was d e te c ted  when th e  e x tra c ts  were combined (T a b le  2 1 ), and 

as each e x t r a c t  co n ta in e d  one o r  th e  o th e r ,  b u t never b o th  compounds. 

(F o r the  o p p o s ite  reasons i t  appears th a t  peak 17 is  d is t i n c t  from  

peak 18 in  the  e x tra c ts  o f  c u l t iv a r s  M e teor and P rogress N o,9 ) ,

I t  i s  n o t c le a r  from  th e  r e s u l t s  w hether th e re  was any d i f fe re n c e
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in  th e  ra te  o r th e  p a t te rn  o f  m e tabo lism  o f [^H]GAg a p p l ie d  to  

p la n ts  grown in  e i t h e r  l i g h t  o r darkness.

Comparison o f  th e  m e ta b o l ite s  from  [^H]GAg fe d  to  l i g h t -  

grown cv , A laska s e e d lin g s  (fe ed s  I  and I I )  w ith  those  o f  the  

d o s e -e f fe c t  experim en t shows t h a t  the  p ro d u c ts  seem to  have been 

g e n e ra lly  s im i la r .  I t  was found d i f f i c u l t  to  number some o f the  

peaks in  the  d o s e -e f fe c t  experim en t and i t  i s  p o s s ib le , f o r  

exam ple, th a t  some o f  th e  peaks numbered 13 were a c tu a l ly  peak 

12. The f a i lu r e  to  match th e  peaks observed w ith  those  p re se n t 

in  o th e r  e x tra c ts  p ro b a b ly  r e s u l t s  from  chrom a tograph ic  d i f fe re n c e s . 

The im p o r ta n t  c o n c lu s io n  o f  th e  dose e f f e c t  expe rim en t i s  th a t  th e  

dose o f  GAg a p p l ie d  d id  n o t appear to  m a rked ly a f f e c t  th e  p a t te rn  

o f  m e tabolism  o f  th e  [ ® H ] G A g ,

Comparison o f  th e  m e ta b o l ite s  in  the  e x tra c ts  from  the  

th re e  c u l t iv a r s  used in  feed  I I  sugges ts  th a t  th e y  were s im i la r .  

Peaks 22, 23, 24 and 25 appear as m ajor e a r ly  p ro d u c ts  from  a l l  

c u l t i v a r s .  Peak 18 seemed to  be a m ajor p ro d u c t from  a l l  th re e  

c u l t i v a r s ,  and is  p ro b a b ly  th e  one th a t  corresponded to  the  

[^HjCAgQ, wh ich was subsequen tly  shown to  be p re se n t in  th e  c v . 

M eteor and cv . P rogress N o,9 e x t r a c ts .  Peak 12 was d e te c te d  in  

q u ite  la rg e  amounts in  th e  8 ,5h  e x tra c ts  o f  a l l  th re e  c u l t iv a r s .  

Lower amounts were d e te c te d  in  l a t e r  e x tr a c ts ,  in d ic a t in g  th a t  

i t  was fu r th e r  m e ta b o lise d . Peaks 11 and 15 were a ls o  im p o r ta n t  

p ro d u c ts  in  a l l  c u l t i v a r s .
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More m e ta b o l ite s  were g e n e ra lly  d e te c ted  in  e x tra c ts  o f  

c v . M e teor and c v . P rogress N o .9 than  in  the  e x tra c ts  o f  cv . 

A la ska . T h is  may r e f le c t  a d i f fe re n c e  in  th e  p a t te rn  o f  

m e tabo lism , o r s im p ly  fo r t u i to u s  ch o ices  o f  sam pling t im e s . I t  

i s  th e re fo re  u n c le a r from  th e  r e s u l t s  o b ta in ed  w he ther the  

m etabo lism  o f  [^H]GAg d i f fe r e d  in  the  th re e  c u l t iv a r s  used. 

However, fu r th e r  ana lyses  o f  th e  e x tra c ts  from  c v . M e teor and 

c v . P rogress N o.9 sugges ted th a t  th e  p ro du c ts  formed by these  

two c u l t iv a r s  had ve ry  s im i la r  r e te n t io n  tim e s  and were p re se n t 

in  s im i la r  amounts, s u g g e s tin g  th a t  th e  p a t te rn  o f  [^H]GAg 

m e tabo lism  was th e  same. I t  i s  a ls o  e v id e n t  th a t  th e  p a t te rn  

o f  [^H]GAg m e tabolism  in  s e e d l in g s  is  more complex than  p re v io u s  

re p o r ts  in  th e  l i t e r a t u r e  had sugges ted ,

3 ,7 .4 ,  [^H]GAg TIME COURSE FEEDS: ANALYSES OF.COMBINED EtDAc

EXTRACTS

A f te r  a n a ly s is  o f  th e  in d iv id u a l e x t ra c ts  had been 

com ple ted th e  fo l lo w in g  groups o f  e x t ra c ts  were bu lked  to  g iv e  

fo u r  combined e x t r a c t s :  a l l  e x t r a c t s ,  feed  I ;  a l l  c v . A laska 

e x t r a c t s ,  feed  I I ;  a l l  c v . M e teor e x t r a c t s ,  feed  I I ;  a l l  cv . 

P rogress No,9 e x t r a c t s ,  feed  I I  ( f ig u r e  2 7 ) , The combined 

e x t ra c ts  were p u r i f ie d  by DEAE A-25 an ion  exchange chrom a to

g raphy, R a d io a c t ive  f r a c t io n s  e lu t in g  from  the  Sephadex columns 

were combined, and th e  MeOH evapora ted  o f f  in  vacuo a t  4G°C, p r io r
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to  p a r t i t io n in g  a g a in s t  EtOAc. The combined e x t r a c t ,  A laska I I ,  

was l e f t  on the  e va p o ra to r f o r  lo n g e r than  norm al, th e  volume 

be ing  reduced from  £ a . 25cm^ o f  2M a c e t ic  acid:MeOH (1:1 v /v )  

to  ca . 2cm^. D e ta i ls  o f  th e  r a d io a c t iv i t y  in  th e  e x tra c ts  

b e fo re  and a f t e r  an ion  exchange chrom a tography a re  g ive n  in  

Table 2Û

TABLE 20. [^H]GAj : The amount o f  r a d io a c t iv i ty  in  th e  combined

e x t ra c ts  b e fo re  and a f t e r  Sephadex an ion  exchange 

chrom a tography ( dpm)

Combined E x t ra c t Pre-Sephadex Pos t-
D iscarded

■Sephadex
R e ta ined

A laska I  - 5 . 0  X l o " ^ 8  X 1 0 ^ 2 . 5  X 1 0 ^

A laska I I 3 . 0  X 1 0 ^ 2 . 0  X ID® 1 . 8  X 1 0 ^

M e teor I I 2 . 6  X 1 0 ^ 2 . 0  X 1 0 ® 1 . 7  X 1 0 ^

Progress No.9 I I 2 . 9  X 1 0 ? 2 . 0  X ID® 1 . 6  X l o ' ^

I t  appears from  Table 20 th a t  ca. 40-50% o f  th e  ra d io 

a c t i v i t y  p re se n t in  th e  e x tra c ts  was lo s t  d u r in g  an ion  exchange 

chrom a tography. However, th e  a c tu a l lo sse s  a t  t h i s  s tage were 

n o t as g re a t  as appears. T h is  is  because th e  e s tim a te  o f  the  

pre-Sephadex r a d io a c t iv i t y  is  based on coun ts  o f  th e  o r ig in a l  

EtOAc phases. A lthough  c o rre c te d  f o r  the  a l iq u o t s  taken  fo r  

a n a ly s is  o f  th e  in d iv id u a l e x t r a c ts ,  lo sse s  a ls o  occu rre d  d u r in g  

d ry in g  and t ra n s fe rs  between c o n ta in e rs . Losses m igh t a ls o  be
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expec ted on re co ve ry  from  th e  Sephadex colum n, as d iscussed  be low .

A f te r  p u r i f i c a t io n  by an ion  exchange chrom a tography th e  

combined e x t ra c ts  were ana lysed  by re ve rse  phase HPLC, and the  

tra c e s  a re  shown in  f ig u r e  20. The expec ted e lu t io n  p r o f i le s  

were c a lc u la te d  from  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  in  the  

in d iv id u a l e x t ra c ts  p r io r  to  b u lk in g  (Tab le  1 8 ), (e .g .  f o r  

A laska I I ,  th e  1 , 8 .5 , 25 and 4 8 ,5h e x t r a c t s ) .  C o rre c t io n  was 

made f o r  the  p ro p o r t io n  o f  in d iv id u a l e x t ra c ts  used p r io r  to  

b u lk in g .  The expec ted  p r o f i le s  and th e  p r o f i le s  o b ta in e d  a re  

d e ta i le d  in  Table 21,

W ith  th e  e x c e p tio n  o f  A laska I I  th e re  i s  broad agreemen t 

between th e  expected and th e  a c tu a l d is t r ib u t io n s  o f  r a d io a c t i v i t y .  

The A laska I I  e x t r a c t  shows a s h i f t  to  much more p o la r  r a d io a c t i v i t y ,  

and a la rg e  unexpected peak 17. I t  i s  l i k e l y  th a t  t h i s  e x t r a c t  

broke down d u r in g  th e  excess ive  p e r io d  th a t  i t  was l e f t  on th e  

r o ta r y  f i lm  e v a p o ra to r a f t e r  re co ve ry  from  th e  an ion  exchange 

colum n. S m a lle r d is c re p a n c ie s  between the  expected and a c tu a l 

d is t r ib u t io n s  o f  r a d io a c t iv i t y  do e x is t  in  th e  rem a inder o f  th e  

e x tr a c t s .  These a re  a t t r ib u te d  to  i )  e r ro rs  in  th e  c a lc u la t io n  

o f  th e  expected d is t r ib u t io n  o f  r a d io a c t i v i t y ,  i i )  p o la r  compounds 

re m a in in g  in  th e  aqueous when p a r t i t io n in g  a g a in s t  EtOAc a f t e r  io n  

exchange chrom a tography, a n d /o r i i i )  th e  p o s s ib le  s e p a ra t io n  o f  

sm a ll amounts o f  r a d io a c t iv i t y  from  the  ma in peak o f  r a d io a c t iv i t y  

e lu t in g  from  th e  io n  exchange colum n.
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The combined e x t r a c t ,  A laska I  was examined to  de te rm ine  

whether th e re  were any co n jug a te d  p ro d u c ts  p re se n t amongst the  

ra d io a c t iv e  m e ta b o l ite s .  An a l iq u o t  was ana lysed  by g e l perm ea tion 

chrom a tography on th e  2 x 1M B io-Beads SX-4 colum n. 93% o f  the  

recovered  r a d io a c t iv i t y  e lu te d  between [^H]GA^ and [^HjGAg s ta n d a rd s . 

T h is  sugges ts  th a t  co n jug a te d  m e ta b o l ite s  were o n ly  m inor components, 

i f  p re se n t a t  a l l ,  in  th e  e x t r a c t .  However, t h i s  does n o t c o m p le te ly  

exc lude  th e  p o s s i b i l i t y  th a t  co n jug a te d  p ro d u c ts  were produced from  

[^H]GAg, as c e r ta in  co n ju g a te s  (e .g .  GA g lu c o s id e  e s te r^  cou ld  have 

been removed from  th e  e x t r a c t  by th e  p u r i f i c a t io n  p rocedures p r io r  

to  a n a ly s is .

The whole o f  each o f  th e  combined e x t ra c ts  from  feed  I I  was 

p u r i f ie d  by re ve rse  phase HPLC u s in g  a g ra d ie n t  o f :  25-70% MeOH,

0-30 m in ; 70-100%MeOH, 30-33 m in . F ourteen  3 m inu te  f r a c t io n s  

were c o l le c te d ,  and a la r g e r  f i f t e e n t h  f r a c t io n  as th e  column was 

run  a t  100% MeOH. The d is t r ib u t io n  o f  r a d io a c t iv i t y  in  th e  c o lle c te d  

f r a c t io n s  is  shown in  Table 22, and is  very  s im i la r  to  th a t  p re d ic te d  

from  f ig u r e  28. The d i f fe re n c e  between th e  amount o f  r a d io a c t iv i ty  

recovered  from  th e  Sephadex column and th e  amount recovered  a f t e r  

reve rse -phase  f r a c t io n a t io n  is  p a r t l y  accounted f o r  by th e  a l iq u o ts  

ana lysed  by reve rse -phase  HPLC (e .g .  f ig u r e  2 0 ).

Most o f  th e  f r a c t io n s  d e ta i le d  in  Table 22 were sub

se q u e n t ly  ana lysed  by is o c r a t ic  re v e rse  phase HPLC. R a d io a c t ive  

peaks d e te c ted  were co-chrom a tographed w ith  a range o f  a p p ro p r ia te  

GA s ta n d a rd s . F ra c t io n s  c o n ta in in g  ra d io a c t iv e  peaks w ith  re te n t io n  

t im e s  c lo s e ly  m a tch ing those  o f  GA s tandards  were d e r iv à t is e d  to  

form  me thoxycoum aryl e s te rs .  The d e r iv a t is e d  f r a c t io n s  were
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subsequen tly  co-chrom a tographed w ith  GACE s ta n d a rd s , i n i t i a l l y  

u s in g  re ve rse  phase HPLC and su b se q u e n t ly , i f  necessa ry , us ing  

norm al phaseHPLC*

The r e s u l t s  o f  th e  a n a ly s is  o f  each f r a c t io n  from  cv .

M e teor and c v . P rogress N o.9 w i l l  be d iscussed  in  d e t a i l .  The 

r e s u l t s  o f th e  ana lyses o f  th e  c v , A laska f r a c t io n s  a re  n o t 

fu r th e r  cons ide red  as a r e s u l t  o f  th e  l ik e l ih o o d  th a t  e x te n s iv e  

breakdown had o ccu rre d  in  t h i s  e x t r a c t .  None o f  th e  peaks d e te c ted  

from  th e  c v . A laska e x t r a c t  co-chrom a tographed w ith  any o f  th e  GA 

s tan d ards  te s te d .

To e s tim a te  th e  amount o f  r a d io a c t iv i t y  th a t  each peak 

d e te c te d  by is o c r a t ic  a n a ly s is  re p re s e n te d , th e  h e ig h ts  o f  a l l  

th e  ra d io a c t iv e  peaks d e te c te d  d u r in g  th e  a n a ly s is  o f  each f r a c t io n  

were t o t a l le d .  The h e ig h t  o f  each peak was then  expressed as a 

p ro p o r t io n  o f  th e  t o t a l ,  and t h i s  p ro p o r t io n  was m u l t ip l ie d  by 

th e  t o t a l  amount o f  r a d io a c t i v i t y  in  th e  f r a c t io n .  Sources o f 

e r r o r  in  such e s tim a t io n s  a re  s im i la r  to  those in v o lv e d  when 

e s t im a t in g  peak s iz e  from  g ra d ie n t  ana lyses (see s e c t io n  3 .7 .3 . ) .  

However, th e re  i s  an a d d i t io n a l fa c to r  because as th e  re te n t io n  tim e  

on is o c r a c t ic  a n a ly s is  in c re a s e s  th e  peak shape changes, becoming 

b roade r and s h o r te r .  A lthough  t h i s  w i l l  tend  to  le a d  to  an under

e s tim a t io n  o f  th e  s iz e  o f  la t e r  e lu t in g  peaks t h is  e f f e c t  i s  

p ro b a b ly  no t im p o r ta n t  in  th e  ana lyses  re p o r te d , as th e  peaks w i th in  

a f r a c t io n  a l l  have s im i la r  re te n t io n  c h a r a c t e r is t ic s .
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The re te n t io n  t im e  o f  a peak is  dependant on the  amount 

o f  MeOH in  th e  m ob ile  phase. When comparing the  e lu t io n  

c h a r a c te r is t ic s  o f  peaks d e te c ted  i t  i s  u s e fu l i f  one o f  these 

v a r ia b le s  is  s ta n d a rd is e d . For t h is  purpose the  percentage o f 

MeOH th a t  wou ld g ive  a re te n t io n  tim e  o f  10.0  min was found f o r  

each peak. T h is  va lue  was c a lle d  th e  R^g, I t  was es tim a ted  

from  a c a l ib r a t io n  c u rve , p repared  from  s tandard  GAs, o f 

re te n t io n  tim e  a g a in s t  percen tage o f  MeOH. In  p ra c t ic e ,  

e s tim a te s  o f  R^g va lues  were c o n s is te n t  to  w i th in  1 -1 .5 ^  MeOH, 

p ro v ide d  th a t  the  re te n t io n  tim e  from  wh ich they  were e s tim a te d  

was n o t too  s h o r t  ( le s s  than  about 6 .5  m in) o r to o  long  (over 

about 14 m in ).

Except f o r  e a r ly  e lu t in g  peaks the  R^g is  d i r e c t l y  

re la te d  to  th e  r e te n t io n  tim e  o f  a peak when ana lysed on a l in e a r  

g ra d ie n t .  T h e re fo re , u s in g  th e  e s tim a te s  o f  R^g va lues and o f 

peak s iz e s  made d u r in g  th e  is o c r a t ic  ana lyses i t  was p o s s ib le  

to  c o n s t ru c t models o f  the  a n t ic ip a te d  g ra d ie n t  e lu t io n  p r o f i le s  

o f  th e  combined e x t ra c ts  o f  c v . Me teor and cv . P rogress N o.9, 

p r io r  to  re ve rse  phase HPLC f r a c t io n a t io n .  These a re  shown in  

f ig u r e  29, I t  i s  u s e fu l  to  r e fe r  to  t h is  f ig u r e  when c o n s id e r in g  

th e  ana lyses o f  th e  in d iv id u a l f r a c t io n s ,  in  o rd e r to  see the  

r e la t iv e  s iz e s  o f the  peaks d iscu ssed . The a n a ly s is  o f  the  

in d iv id u a l f r a c t io n s  w i l l  now be p resen ted  in  d e t a i l .
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F ra c t io n  1

Not ana lysed

F ra c t io n  2

Not ana lysed

F ra c t io n  3

T h is  f r a c t io n  was s im i la r  from  bo th  cv . M eteor and cv . 

Progress N o.9, bo th  f r a c t io n s  c o n ta in in g  two ra d io a c t iv e  peaks. 

The e a r ly  e lu t in g  peak from  cv . P rogress No.9 co-chrom a tographed 

w ith  GA^g (Tab le  23), b u t d e r iv a t is a t io n  was n o t p o s s ib le  due to  

th e  low le v e ls  o f  r a d io a c t iv i t y  p re s e n t .  T h e re fo re  [^HjGAgg was 

p o s s ib ly  a m inor p ro d u c t. GAg e lu te s  b e fo re  GA2 g so is  u n l ik e ly  

to  have been p re se n t in  th e  e x tra c ts  in  d e te c ta b le  q u a n t i t ie s .

TABLE 23. F ra c t io n  3 R e te n tio n  tim es (m in ) o f unknown p ro du c ts

and s tandards  when co-chrom a tographed.

% MeOH “ 29 Unknown

c v . Me teor 25% “ 8 .0 , 9 .7

c v . P rogress No.9 2S% - 8 .0 , 9 .7

cv . P rogress No.9 20% 11 .1 1 1 .1 , 13.9
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F ra c t io n  4

T h is  f r a c t io n  was s im i la r  from  bo th  c u l t iv a r s .  Two peaks 

were d e te c te d  which d id  n o t co-chrom a tograph w ith  GA^ o r

GAgg c a ta b o l i te  (T ab le  24).

TABLE 24. F ra c t io n  4 R e te n tio n  tim es  (m in) o f  unknown p roduc ts

when co-chrom a tographed w ith  s ta n d a rd s .

t  MeOH GA3 GA2 g c a t . Unknown

c v . M e teor 30% 8 .4 11 .4 13.6 1 0 . 0 , 12.4

cv . P rogress N o.9 30% 8 .4 11.4 13.6 9 .9 , 12.4

F ra c t io n  5

T h is  f r a c t io n  appeared s im i la r  from  bo th  c u l t iv a r s ,  bo th  

f r a c t io n s  c o n ta in in g  a t  le a s t  4 p a r t ia l l y  re so lve d  ra d io a c t iv e  

peaks. [^H]GA^ appeared to  co-chrom a tograph w ith  th e  e a r l ie s t  

e lu t in g  peak o f  bo th  e x tra c ts .  However, the  peak was so sm a ll 

th a t  a d d i t io n  o f  [^H]GA^ obscured i t  co m p le te ly  and th e  re te n t io n  

tim e s  may n o t n e c e s s a r i ly  have been id e n t ic a l .  I f  the  peak d id  

re p re s e n t [^H]GA^ then  the  maximum amount p re se n t wou ld be 

c a . 2 X lO^dpm per e x t r a c t  (0.03% o f a p p l ie d  la b e l ) .  GA2 g 

c a ta b o l i te  has a ve ry  s im i la r  re te n t io n  tim e  to  GA,̂  and wou ld 

p ro b a b ly  a ls o  co-chrom a tograph w ith  the  peak.
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TABLE 25 , F r a c t io n  5 R e te n t io n  t im e s  (m in ) o f  unknown p ro d u c ts

when co-chrom a tographed w ith  GA^.

% MeOH GÂ Unknown

c v . Me teor 32.5% 1 1 . 2 1 1 .2 * , 13.3 , 1 3 .7 , 15.7

cv . P rogress No.9 32.5% 1 1 . 2 1 1 .2 * , 1 2 . 8 , 1 3 .8 , 15.8

^ Obscured by [^H]GA^ s tan d a rd

F ra c t io n  6

A t 40% MeOH bo th  f r a c t io n s  showed a p o o r ly  re s o lv e d  band o f  

r a d io a c t iv i t y  e lu t in g  between ca. 8  min and ca_, 14 m in. A t le a s t  

4 ra d io a c t iv e  peaks were p a r t ia l l y  re so lve d  from  th e  cv . P rogress 

No.9 f r a c t io n .  In  th e  f r a c t io n s  from  bo th  c u l t iv a r s  th e  peak w ith  

a re te n t io n  t im e  c f  10 .8  min was the  la rg e s t .  T h is  was p a r t ic u 

l a r l y  so f o r  th e  cv . M e teor, where the  s iz e  o f th e  peak may have 

masked the  presence o f  m e ta b o l ite s  d e tec ted  in  th e  c v . P rogress 

No.9. f r a c t io n .

TABLE 26, F ra c t io n  6  R e te n tio n  tim es  (m in) o f  unknown p ro du c ts

when co-chrom a tographed w ith  s tan d a rds .

% MeOH GA^g c a t . GA^g Unknown

c v . Me teor 40% 6 . 8 9 .7 1 0 . 8 , 12.3

cv . P rogress No.9 40% - 8 .5 , 9 .7 , 1 0 .8 , 12,
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A lthough  th e  c v . P rogress No.9 peak, re te n t io n  tim e  9 .7  min 

had a s im i la r  r e te n t io n  tim e  to  GA^g i t  i s  cons ide red  u n l ik e ly  

t h a t  [^H]GAgg was a p ro d u c t. The peak w ith  a re te n t io n  tim e  

o f  9 .7  min was a m inor component and was p o o rly  re s o lv e d , p ro ba b ly  

re p re s e n t in g  a he te rogeneous group o f  products.GAgg is  3 ^ -and 1 1 / 2 - 

h y d ro x y la te d . 1 1 /^ h y d ro x y la t io n  o f  GAs has n o t been observed 

p re v io u s ly  in  peas. Low le v e ls  o f  r a d io a c t iv i ty  p rec luded  fu r th e r  

a n a ly s is  o f  th e  peak.

F ra c t io n  7

Three ra d io a c t iv e  peaks were d e te c te d  from  bo th  c u l t iv a r s  

(T ab le  27). In  view o f  th e  p re v io u s  d e te c t io n  o f  12#-hydroxy G A g  

as a p ro d u c t from  [^H]GAg feeds (Frydman and, M a cM illan , 1975;

Sponsel and M a cM illa n , 1977; R a ilto n  e t  a l . ,  1974a,b) the  p o s s ib le  

presence o f  th e  s t r u c t u r a l ly  s im i la r  [^HjGAg^ was fu r th e r  

in v e s t ig a te d .  The whole o f  each f r a c t io n  was in je c te d  a t  40% MeOH 

and the  e lu e n t c o lle c te d .  The p o r t io n s  c o n ta in in g  th e  e a r ly  

e lu t in g  ra d io a c t iv e  peak were d e r iv a t is e d  to  form  me thoxycoum aryl 

e s te rs  and c o - in je c te d  w ith  GAg  ̂ CE s tandard  a t  70% MeOH (R^ GAg^

CE = 9 .3  m in ). A s in g le  ra d io a c t iv e  peak, w ith  a re te n t io n  tim e  

o f  10,5  min was d e te c te d  from  bo th  cv . Meteor and cv . P rogress 

N o.9. I t  was concluded th a t  [^H]GAg^ was n o t p re se n t in  the  

e x tr a c ts .  GA^g, p re v io u s ly  id e n t i f ie d  as a p ro d u c t (p o s s ib ly  

n o n -m e ta b o lic ) from  [^H]GAg feeds (R a i l to n  e t  a l . ,  1974a,b) wou ld be 

expec ted to  be co n ta in e d  in  t h is  f r a c t io n ,  b u t no tra c e s  were 

d e te c te d .
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TABLE 2 7 . F ra c t io n  7 R e te n t io n  t im e s  (m in ) o f  unknown p ro d u c ts

and s tan d ards  when co-chrom a tographed.

% MeOH GA3 1 GA5 GA^g Unknown

c v . Me teor 40% 14.7 - 19.1 1 4 .2 , 1 6 .3 , 20.0

c v . P rogress No.9 40% 14 .7 19.4 19.4 1 4 .4 , 1 7 .0 , 20.0

F ra c t io n  8

A n a ly s is  o f  t h is  f r a c t io n  from  cv . Me teor and cv . Progress 

No.9 a t  45% MeOH showed two c le a r ly  re s o lv e d  ra d io a c t iv e  peaks o f 

about equa l s iz e .  In  bo th  e x tra c ts  the  e a r ly  e lu t in g  peak co - 

chrom a tographed w ith  [^H]CA 2 Q (T a b le  2 8 ) .  Subsequently  the  whole 

o f  each f r a c t io n  was in je c te d  a t  45% MeOH, and th e  [ ^H]GA2 g - l i k e

TABLE 28. F ra c t io n  8  R e te n tio n  tim e s  (m in ) o f unknown p ro du c ts

and GA2 Q s tandard  when co-chrom a tographed,

% MeOH
^ ^ 2 0

Unknown

cv . M e teor 45% 14.2 1 4 .2 , 17.5

cv . P rogress No.9 45% 14.1 1 4 .1 , 17.2

zone c o lle c te d  and d e r iv a t is e d  to  form  me thoxycoum aryl e s te rs .

The d e r iv a t is e d  e x tra c ts  were co-chrom a tographed w ith  [^H]GA 2 q CE
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and GA^g CE s tandards  a t  65% MeOH (GA^g co-chrom a tographs w ith  

GA^q on re ve rse  phase HPLC). A s in g le  ra d io a c t iv e  peak, co - 

chrom a tograph ing w ith  [^H]GA 2 q CE (R^ = 19.2 m in) was de te c ted  

from  bo th  cv . Meteor and cv . P rogress N o.9 f r a c t io n s .  The 

re te n t io n  tim e  o f GA^g CE was 18.1 m in.

The d e r iv a t is e d  peak o f  cv . Me teor and o f  cv . Progress 

No.9 was subsequen tly  shown to  co-chrom a tograph w ith  [^H]GA 2 q 

when ana lysed  by norm al phase HPLC us in g  a ^ m  C P S -H ypers il 

su p p o r t and a s o lv e n t  o f  DCM:Hexane:EtOH (1 9 :7 8 :3 ) .  The R^ 

o f  [^H]GA 2 q CE was 11 ,5  m in.

I t  was th e re fo re  concluded th a t  [^H]GA 2 q was a p ro du c t 

formed from  [^H]GAg by bo th  cv . Meteor and cv . P rogress No.9.

T h is  is  c o n s is te n t w ith  the  r e s u l t s  o f  p re v io u s  w orkers us ing  

bo th  seeds and s e e d lin g s  (Prydman and M acM illan , 1975; Sponsel 

and M acM illan , 1977; R a ilto n  ^  a i^ . , 1974a,b). From Table 19 i t  i s  

th o u g h t l i k e l y  th a t  th e  peak numbered 18 from  th e  o r ig in a l  tra c e s  

( f ig u re s  2 2  to  26) is  th e  one subsequen tly  id e n t i f ie d  as [^H]GA 2 q, 

re p re s e n t in g  up to  ca . 6 % o f  th e  a p p l ie d  r a d io a c t iv i t y .

F ra c t io n  9

A n a lys is  o f  t h i s  f r a c t io n  from  bo th  c u l t iv a r s  a t  55% MeOH 

re ve a le d  two peaks o f  a p p ro x im a te ly  equa l s iz e .  The peaks had 

s im i la r  re te n t io n  t im e s . The peaks e lu te d  b e fo re  GAg  ̂ and GAg^, 

b u t a f t e r  GA2 Q and GA^g. None o f  the  o th e r s tanda rds  te s te d  e lu te d  

between these  GAs, The id e n t i t y  o f  the  p ro du c ts  was th e re fo re  

n o t de te rm ined .
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TABLE 29. F r a c t io n  9 R e te n t io n  t im e s  (m in ) o f  unknown p ro d u c ts .

% MeOH Unknown

C V .  M e teor 55% 8 .9 , 10.4

cv . P rogress No.9 55% 8 .9 , 10.3

F ra c t io n  10

T h is  f r a c t io n  from  bo th  e x tra c ts  co n ta in ed  a h ig h  p ro p o r t io n  

o f  the  recovered  r a d io a c t i v i t y .  Both f r a c t io n s  were s im i la r ,  each 

c o n ta in in g  a t  le a s t  fo u r  p a r t ia l l y  re s o lv e d  peaks when ana lysed 

a t  55% MeOH (T ab le  3Q). The r a t io s  o f  the  peak h e ig h ts  were 

s im i la r .  The e a r ly  e lu t in g  peaks o f  each e x t ra c t  had s im i la r  

r e te n t io n  tim e s  to  th e  GAg  ̂ s tan d ard  a t  55% MeOH. GAg^ and GAg  ̂

co-chrom a tograph under these  c o n d it io n s .  GAg  ̂ has p re v io u s ly  

been observed as a p ro d u c t from  [^H]GAg in  peas (Sponsel and 

M acM illan , 1977).

TABLE 30. F ra c t io n  10 R e te n tio n  tim es  (m in) o f  unknown peaks

and o f  GAg  ̂ when co-chrom a tographed.

% MeOH GA5 I Unknown

cv . Me teor 55% 12.1 1 2 .0 , 1 2 .6 , 1 3 .8 , 15.6

cv . Progress No.9 55% 12.6 12 .3 , 1 2 .8 , 1 4 .1 , 15.8
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The whole o f  each f r a c t io n  was in je c te d  a t  55% MeOH and 

1 min f r a c t io n s  c o l le c te d  as th e  r a d io a c t iv i ty  e lu te d .  The 

f r a c t io n s  expec ted to  c o n ta in  any [^H]GAg^ p re se n t were 

d e r iv a t is e d  to  m e thoxycoum aryl e s te rs  and co-chrom a tographed w ith

GAg  ̂ CE a t  75% MeOH. Each d e r iv a t is e d  f r a c t io n  co n ta in e d  a s in g le  

ra d io a c t iv e  peak wh ich had a r e te n t io n  tim e  o f  8 . 2  min (R^ GAg^

= 9 ,7  m in; GAg^ CE = 9 .2  m in ). I t  was concluded th a t  [^H]GAg^ 

and [^H]GAg^ were n o t p re s e n t. T h is  is  s u rp r is in g  as GAg  ̂ is  

an endogenous c o n s t i tu e n t  o f  peas and has been p re v io u s ly  id e n t i 

f ie d  as a m e ta b o l ite  o f  [^H]GAg in  d eve lop ing  seed (Sponsel and 

M a cM illa n , 1977),

F ra c t io n  11

In  bo th  f r a c t io n s  GA^ and GA^ s tandards  co-chrom a tographed 

w ith  a broad band o f  p o o r ly  re s o lv e d  ra d io a c t iv e  compounds when 

co-chrom a tographed a t  60% MeOH. (R^ GA^ = 12.4  m in , R^ GArp =

10.3  m in ). These GAs have n o t p re v io u s ly  been id e n t i f ie d  in  Pisum 

e i th e r  as endogenous c o n s t i tu e n ts  o r as m e ta b o l ite s . I t  was 

concluded th a t  GA^ and GA^ were p ro b a b ly  absen t from  th e  e x tr a c t s ,  

b u t th a t  i f  p re sen t th e  amount was le s s  than  3 x lO^dpm per e x t r a c t  

(0,05% o f  a p p l ie d  la b e l ) .

F ra c t io n  12

Is o c r a t ic  a n a ly s is  o f  t h is  f r a c t io n  a t  65% MeOH showed a 

peak, w ith  a re te i 

(R^ ['H ]GAg = 13.1 m in ).

s in g le  peak, w ith  a re te n t io n  tim e  s im i la r  to  th a t  o f  [^HjGAg,
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F ra c t io n s  13, 14, 15 

Not ana lysed .

TABLE 31. Summary o f  GA s tan d a rds  te s te d . ( - )  in d ic a te s  th a t  

the  GA was a bsen t, a number in d ic a te s  the  f r a c t io n  

in  wh ich th e  GA was p o s s ib ly  p re sen t

GA 29 30 3 29ca t 1 35 31 10 5 2D 16 51 34 7 4 9

c v . Meteor 3 (? ) - -  5 (? ) 5 (? ) -  - ” " • ” 1 2

c v . P rogress 3 (? ) - -  5 (? ) 5 (? ) -  - -  -  8  -  - -------- 1 2

No.9

A summary o f  th e  GA s tandards  te s te d  i s  shown in  Table 31.

I t  can be seen from  f ig u r e  29 th a t  th e re  i s  e x trem e ly  good agreemen t 

between th e  a c tu a l re ve rse  phase g ra d ie n t  p r o f i le s  o f  the  combined 

e x t ra c ts  ( f ig u r e  2 Q) and the  p r o f i le s  p ro je c te d  u s in g  th e  ^ va lues 

and the  peak s iz e  e s tim a te s  o b ta in e d  from  the  is o c r a t ic  ana lyses 

( f ig u r e  2 ^ .  A l l  f r a c t io n s  had p r o f i le s  s im i la r  to  those expec ted , 

w ith  the  e xce p tio n  o f  f r a c t io n  9. I t  i s  apparen t from  f ig u r e  28 

th a t  one m ajor and two s m a lle r peaks wou ld be expec ted in  t h is  

f r a c t io n .  However, two equa l s iz e d  peaks were d e te c te d  from  bo th  

c u l t iv a r s .  T h is  r e s u l t  i s  c o n s is te n t w ith  the  appearance o f  the  

f r a c t io n s  as p re d ic te d  from  the  o r ig in a l  ana lyses o f  the  component
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e x t ra c ts  ( i . e .  1, 8 .5 ,  25 and 4 8 .5h) o f  the  bu lked  e x t ra c ts  

(Tab le  21). T h is  ta b le  shows th a t  peaks 20 and 22 were expec ted 

to  be o f equa l s iz e  w ith  a m inor component Inbetw een. No m inor 

component was d e te c te d  In  the  a n a ly s is  o f f r a c t io n  9, b u t I t  i s  

cons ide red  l i k e ly  t h a t  the  peaks d e te c te d  are  numbers 2 0  and 2 2 .

Both the  re te n t io n  tim e s  and the  s iz e s  o f  the  ra d io a c t iv e  

peaks d e te c te d  from  c v . Me teor and c v . Progress No.9 were a lm os t 

I d e n t ic a l ,  and t h i s ,  coup led  w ith  the  s im i l a r i t y  o f  the  o r ig in a l  

e x t ra c ts  (T ab le  1 ^  sugges ts  th a t  [^H]GAg Is  m e tabo lised  In  the  

same way by bo th  c u l t i v a r s .  [^HJGA^q was I d e n t i f ie d  as a p ro d u c t, 

w ith  co nve rs io n s  o f  c a .5% o f  a p p l ie d  la b e l,  wh ich Is  ve ry  s im i la r  

to  th a t  found by R a i lto n  e;t ajb (I9 7 4 a ,b ). [^HjGAgg was a ls o  p o s s ib ly  

p re se n t In  f r a c t io n  3. None o f  th e  o th e r GAs te s te d  as s tandards 

a re  tho u gh t to  be p ro d u c ts .

1 2 <x-hydroxy GAg (d lh y d ro  GA^^), a m ajor p ro d u c t In  e a r l ie r  

re p o r ts ,  was n o t a v a i la b le  f o r  co -ch rom a tography. However, the  

absence o f  th e  s t r u c t u r a l ly  s im i la r  GA^  ̂ was con f irm ed  by co- 

chrom a tography, G A ^ ^  and 1 2*-hyd ro xy  G A g  d i f f e r  by a s in g le  

doub le  bond In  the  2 ,3  p o s i t io n ,  as do GAg and GA2 Q, From the  

d if fe re n c e  in  r e te n t io n  tim e s  o f  th e  l a t t e r  p a ir  I t  i s  an tjp lpa ted  

th a t  12#-hydroxy G A g  wou ld have a R ^ g  o f ca . 43% MeOH, e lu t in g  

b e fo re  GA^^. Based on t h is  s u p p o s it io n  I t  wou ld be expec ted to  

e lu te  in  f r a c t io n  6 , where i t  co u ld  be rep resen ted  by any o f  the  

peaks d e te c te d . Peaks 12 and 13 In  th e  o r ig in a l  e x t ra c ts  (Tab le  IE)
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a re  tho u gh t to  be p re s e n t in  t h is  f r a c t io n .  No 3 p -h y d ro x y la te d  

p ro du c ts  were id e n t i f ie d .

3 .7 .5 .  • ["HlGAg FEEDS: SUMMARY

[^H]GAg is  r a p id ly  m e tabo lised  to  a la rg e  number o f 

compounds when a p p l ie d  to  c u l t iv a r s  A laska , M e teor and P rogress 

N o,9 grown in  the  l i g h t ,  and a ls o  when a p p l ie d  to  cv . A laska grown 

in  th e  d a rk . The id e n t i t y  o f  most o f these  p ro d u c ts  rem a ins 

unknown, a lth o u g h  [^H]GA 2 q was id e n t i f ie d  from  c u l t iv a r s  Me teor 

and P rogress No.9. A range o f  known GAs were shown to  be absen t 

from  the  p ro du c ts  o f  c u l t iv a r s  Me teor and P rogress No.9.

M e tabolism  o f  [^HjGAg seems to  be s im i la r  in  these  two c u l t iv a r s .  

I t  was no t p o s s ib le  to  draw co n c lu s io n s  about th e  id e n t i t ie s  o f 

p ro d u c ts  formed from  cv . A laska , as e x te n s iv e  breakdown occurred  

in  the  e x tr a c t  a na lysed .
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3 .8 I ü M 2 0  METABOLISM

A tim e -c o u rs e  feed  o f [^HlOA^g was made in  o rd e r to  compare

m e tabo lism  in  the  c u l t iv a r s  A laska , M e teor and P rogress No.9.

P r io r  to  the  experim en t th e  ra d io c h e m ic a l p u r i ty  o f  th e  [^HjOAgg 

was con f irm e d  by is o c r a t ic  re ve rse  phase HPLC a t  50% MeOH (R^ 

[^HjOAgg: 8 .7  m in ) . (F ig u re  3 0 ) .  [^H lGA^g was a p p l ie d  to  the  

a p ice s  o f  seven day o ld  l ig h t -g ro w n  p la n ts ,  o f  the  c u l t iv a r s  

A la ska , Me teor and P rogress No.9, each p la n t  re c e iv in g  930,000 dpm 

(BOng). Ten p la n ts  o f each c u l t i v a r  were e x tra c te d  1, 8  and 27h 

a f t e r  tre a tm e n t.

The apex o f  each p la n t  was washed w ith  100% MeOH p r io r  to  

e x t r a c t io n .  The shoo ts  were then  e xc ised  a t  th e  c o ty le d o n a ry  

node and e x tra c te d  us in g  th e  same method as d e sc r ib e d  f o r  the  

second [^H]GAg tim e  course (s e c t io n  3 .7 . 3 . ) .  The d is t r ib u t io n  

o f  r a d io a c t iv i t y  is  shown in  Table 3 2 , I t  i s  appa ren t t h a t  the  

amount o f  r a d io a c t iv i ty  recovered  from  a l l  th re e  c u l t iv a r s  

decreased w ith  t im e , su gg e s ting  th a t  m etabolism  was o c c u r r in g .

TABLE 32. [^HjGAgg Feed; Recovery o f  a p p l ie d  r a d io a c t i v i t y .

F ig u re s  are  percen tages o f  th e  a p p l ie d  r a d io a c t iv i t y  

c a lc u la te d  from  dpm.

cv .
1 h

A laska 
8 h 27h

cv.
1 h

M e teor 
8 h 27h

cv.
1 h

P rogress N o,9 
8 h 27h

F ra c t io n ;  100% MeOH 
r in s e

48% 32% 21% 39% 19% 1 0 % 45% 17% 14%

Toluene 0 % 0 % 0% 0% 0% 0 % 0 % 0 % 0 %

Aqueous 0 % 1 % 2% 0 % 1 % 3% 0 % 1 % 4%
EtOAc 47% 62% 63% 59% 62% 64% 46% 50% 57%

T o ta l Recovered 95% 96% 8 6 % 98% 82% 77% 91% 68% 75%
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FIGURE 30. Reverse phase HPLC a n a ly s is  o f  [^H IGA^q im m ed ia te ly  b e fo re  

a p p l ic a t io n  to  p la n t s . M ob ile phase : 50% MeOH; is o c r a t ic ;  

Icm^ min . D e te c to r :  R a d io a c t iv ity  m o n ito r , 100 cps f . s . d .  

10s tim e  c o n s ta n t .  (No fu r th e r  ra d io a c t iv e  compounds e lu te d  

d u r in g  a s h o r t  g ra d ie n t  to  100% MeOH).
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Reverse phase HPLC ana lyses o f  2% a l iq u o t s  o f th e  a c id ic  

EtGAc f r a c t io n s  re ve a le d  th a t  CA^g was the  m a jo r compound p re s e n t. 

A n a ly s is  o f  th e  c o n t ro l e x t r a c t ,  o b ta in e d  a f t e r  add ing 

to  a m e tha n o lic  t is s u e  homogenate, showed th a t  i t  co n ta in e d  s im i la r  

p ro d u c ts  to  those observed in  the  tim e  course e x tr a c t s ,  w ith  th e  

e x ce p tio n  o f  peak 2 wh ich was n o t d e te c te d  in  the  c o n t ro l e x t r a c t .  

The amounts o f peak 2 d e te c te d  are  shown in  Table 33, In je c t io n  

o f  la rg e r  a l iq u o t s  o f th e  27h e x tra c ts  o f cv , A laska , c v . M e teor, 

cv . P rogress No.9 and o f  th e  c o n t ro l e x t r a c t  con f irm ed  th e  i n i t i a l  

ana lyses ( f ig u r e  3 1 ), Peak s iz e s  were q u a n t i f ie d  from  peak h e ig h t ,  

as d e sc r ibe d  in  s e c t io n  3 .7 .3 .

TABLE 33. [ ^HjGAgg Feeds: Amount o f  Peak 2 . F ig u re s  re p re s e n t

percen tages o f  a p p l ie d  dpm. ( l i m i t  o f d e te c t io n  c a .

2% o f  a p p l ie d  la b e l ) .

1h 8h 27h
Alaska - - 4%
Me teor - 4% G%

Progress No.9 - 3%

The id e n t i t y  o f  th e  p u ta t iv e  m e ta b o l ite ,  peak 2, was n o t 

e s ta b lis h e d . Peak 2 from  a l l  th re e  c u l t iv a r s  co-chrom a tographed 

on c o - in je c t io n ,  GÂ  and GAg were shown to  be absen t by co- 

chrom a tography w ith  th e  27h e x t r a c t s ,  ^^29 ^^29 c a ta b o l i te

wou ld a ls o  appear to  be a bse n t, based on the  re te n t io n  tim es
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presen ted  in  s e c tio n  3 .2 . The d e te c t io n  l i m i t  o f  the  ana lyses 

c a r r ie d  o u t was c£ . 2% o f  th e  a p p l ie d  r a d io a c t iv i ty  f o r  the  1 h 

and Bh e x t r a c t s ,  and ca . 0.2% f o r  th e  27h e x tra c ts .

The id e n t i t ie s  o f  th e  breakdown p ro du c ts  were n o t e s ta b lis h e d . 

Rood £ t  (1982) observed s e v e ra l breakdown p ro d u c ts  o f  [^HjGA^g. 

One o f  these  was le s s  p o la r  than OA^g on re ve rse  phase HPLC a n a ly s is  

and was id e n t i f ie d  as C/D r in g -re -a r ra n g e d  GA^g. I t  i s  p o s s ib le  

t h a t  peak 9 is  C/D r in g - re -a r ra n g e d  GA^g, wh ich was a ls o  observed 

as a p ro d u c t o f by D u r le y  e t  (1 9 75 ).
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4 .1 .1 .  [^H]GA FEEDS: INTRODUCTION

I t  i s  d i f f i c u l t  to  de te rm ine  to  what e x te n t the  p ro du c ts

o f  the  feeds o f  la b e lle d  GAs r e f le c t  the  norm al p a t te rn  o f

m e tabolism  o f the  endogenous GAs. Frydman and M acM illan  (1975)

sugges ted the  fo l lo w in g  c r i t e r i a  f o r  cond u c ting  feeds to  he lp

ensure th a t  the  m etabo lism  o f  the  a p p l ie d  s u b s tra te  r e f le c t s

the  m etabolism  o f th e  n a t iv e  GA; ( i )  the  exogenous ly a p p l ie d

GA and i t s  m e ta b o l ite s  a re  endogenous compounds, ( i i )  the  GA

is  a p p l ie d  a t  a le v e l c a lc u la te d  to  be e q u iv a le n t  to  the

endogenous le v e l ,  ( i i i )  th e  GA is  fe d  when i t s  endogenous

le v e l is  m axim al, and ( i v )  th e  in c u b a t io n  p e r io d  corresponds to

the  tim e  in t e r v a l  between th e  max imal endogenous le v e ls  o f  the  
o f

s u b s tra te  a n d /th e  p ro d u c t. In  p ra c t ic e  these  c r i t e r i a  a re  some

what d i f f i c u l t  to  f u l f i l l  f o r  s e e d lin g s  s in c e :  a ) few a ccu ra te

e s tim a te s  o f the  d is t r ib u t io n  and s iz e  o f  th e  endogenous GA 

poo ls  in  s e e d l in g  t is s u e s  a re  a v a i la b le ,  and b) the  p e n e tra t io n  

and d is t r ib u t io n  o f  the  a p p l ie d  la b e l a re  d i f f i c u l t  to  c o n t ro l 

and w i l l  tend to  b reak s u b - c e l lu la r  com pa rtm en ta tion .

Once i t  has been concluded th a t  a co nve rs io n  p robab ly  

re p re s e n ts  an endogenous s tep  i t  i s  s t i l l  necessary to  co n s id e r 

the  l im i ta t io n s  o f  the  d a ta . The amount o f  p ro d u c t d e te c ted  

re p re s e n ts  a poo l s iz e ,  and g e n e ra lly  p ro v id e s  no in d ic a t io n  o f  

th e  ra te  o f tu rn o v e r .  Ra tes o f  tu rn o v e r a re  ve ry  d i f f i c u l t  to  

e s tim a te  (see d is c u s s io n  o f  Sown e t  a l . ,  1975). The amount o f 

p ro d u c t th a t  accum u la tes i s  u s u a lly  expressed as a percen tage 

o f  the  la b e l fe d , wh ich g iv e s  no in d ic a t io n  o f  the  a c tu a l mass
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o f  p ro d u c t form ed. There a re  th e re fo re  a number o f  l im i t a t io n s  

th a t  shou ld  be borne in  mind when a t te m p tin g  to  in t e r p r e t  the  

co n ve rs io n  o f la b e lle d  exogenous GAs in  term s o f  endogenous 

GA m etabo lism .

4 .1 .2 .  [^H]GA^^ ALDEHYDE FEEDS

S tud ie s  w ith  c e l l - f r e e  systems have shown t h a t  GA^ 2  

aldehyde is  an in te rm e d ia te  in  the  i j i  v i t r o  fo rm a t io n  o f  GAs 

i n  d eve lo p ing  pea seeds (Ropers e t  a l . ,  1978; Kamiya and Graebe, 

1983). GA^ 2  a ldehyde has n o t ,  however, been d e te c te d  as an 

endogenous c o n s t i tu e n t  o f  P isum. In  the  p re se n t s tu d y  [^H]GA ^ 2  

a ldehyde was found to  breakdown to  some e x te n t d u r in g  s to rag e  

and d u r in g  e x t r a c t io n  ( f ig u r e  1 9 ). O ther w orkers have re p o r te d  

a u to -o x id a t io n  o f  GA^g a ldehyde to  GA^ 2  and o th e r  p ro d u c ts  

(Graebe e t  a l . ,  1972; Evans and Hanson, 1975), b u t t h i s  does 

n o t  always seem to  be a problem  (e .g .  Graebe e t  a l . ,  1974).

Nash (1976) re p o r te d  feeds o f  [^H]GA ^ 2  a ldehyde to  Phaseolus 

cocc ineus s e e d l in g s . Low le v e ls  o f  a range o f  more p o la r  

p ro d u c ts  were re p o r te d  in  the  a c id ic  EtGAc f r a c t io n s ,  b u t o n ly  

[^H]GA ^ 2  i^as observed in  a d d it io n  to  [^HjGA^g a ldehyde in  the  

c o n t ro l e x t r a c t io n .

In  the  p re se n t s tud y  sm a ll amounts o f a range o f  

ra d io a c t iv e  p ro d u c ts  more p o la r  than  GA^ 2  a ldehyde were observed 

in  th e  a c id ic  EtGAc f r a c t io n ,b u t  i t  was n o t p o s s ib le  to  d is t in g u is h  

m e ta b o l ite s  from  th e  breakdown p ro du c ts  seen in  th e  c o n t ro l 

e x t r a c t io n s .  The low  le v e ls  o f  m e ta b o lic  p ro d u c ts  observed 

may be due to ;  i ) poor p e n e tra t io n  o f  the  s u b s tra te  to  the
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a c t iv e  s i t e ,  i i )  ra p id  fu r th e r  m etabolism  o f  p ro d u c ts  o r

i i i )  a l im i t e d  c a p a c ity  to  m e ta b o lise  a ldehyde .

M e tabo lism  le a d in g  to  im m ed ia te  lo s s  o f  la b e l does n o t  seem

l i k e l y  s in ce  th e  la b e l was a tta ch e d  to  carbon-17 and

m e ta b o lic  c o n v e rs io n s in v o lv in g  changes a t  the  C-17 p o s i t io n

on the  GA s k e le to n  appear to  be ra re .
are

F u rth e r s tu d ie s /re q u ire d  in  o rd e r to  c l a r i f y  GA^^ 

a ldehyde m e tabo lism  in  pea s e e d l in g s . I f  breakdown a n d /o r 

the  la c k  o f  accum u la tio n  o f  m e ta b o l ite s  co n t in u e d  to  be a 

problem  then  GA^^ oi" ^ ^ 5 3  co u ld  p o s s ib ly  be used as a l t e r n a t iv e  

s u b s tra te s . A fu r th e r  p o s s i b i l i t y  in  view  o f  the  r e s u l t s  o f  

Kamiya and Graebe (1983) wou ld be to  deve lop a c e l l - f r e e  

system from  s e e d l in g s  to  in v e s t ig a te  C^g-GA m e tabo lism , a lth o u g h  

t h is  i s  l i k e l y  to  be d i f f i c u l t .

4 .1 .3 .  [^H]GA^^ FEEDS

In  the  p re s e n t s tudy  14 m e ta b o l ite s  o f  [^H]GA^^ were 

d e te c te d , one o f  wh ich was id e n t i f ie d  as [^H jGA^g. The o th e r  

p ro d u c ts  were n o t id e n t i f ie d ,  a lth o u g h  HPLC and GC-MS a n a ly s is  

showed some o f  them to  be d is t i n c t  from  a number o f  GAs (see 

s e c t io n  3 .5 . 3 . ) ,  in c lu d in g  those  id e n t i f ie d  by D u r le y  e t  a l .

(1974a ,b) as p ro d u c ts  o f  [^H]GA^^ m e tabo lism . These a u th o rs  

have re p o r te d  th e  o n ly  p re v io u s  feeds o f  a C^g-GA to  pea s e e d l in g s . 

They observed co n ve rs io n  o f [^H ]GA^^, by young e t io la te d  s e e d l in g s , 

c v . M e teor, to  la b e lle d  G A ^ , G A g ,  G A ^ g ,  G A ^ ^ ,  GA^qj G A ^ g  and G A ^ ^ -  

No o th e r ra d io a c t iv e  p ro d u c ts  were d e te c te d .
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The c o n ve rs io n  o f  to  GA^g in v o lv e s  the  1 3 -hyd ro xy -

la t io n  o f  aC -20-m e thy l GA. 13 -H y d ro x y la t io n  o f C^g-GAs by a 

c e l l - f r e e  system from  P isum seeds was re p o r te d  by Kamiya and 

Graebe (1 9 8 3 ). GA^^ snd GA^^ a ldehyde seemed to  be the  p re fe r re d  

s u b s tra te s . A lthough  GA^^ has n o t been d e te c ted  as an endogenous 

c o n s t i tu e n t  o f  peas, th e  above s tu d ie s ,  and the  is o la t io n  o f  

13 -h y d ro x y la te d  GAs from  peas, a re  c o n s is te n t w ith  the  occurrence  

o f  an e a r ly  13 -h y d ro x y la t io n  pathway o f  GA b io s y n th e s is  in  seeds 

and s e e d l in g s  o f  P isum.

4 .1 .4 .  IfH jG A ^g  FEEDS

GA^g is  an endogenous component o f pea shoo ts  (K irkw ood , 

1979; Davies e t  a l . ,  1982; Ingram e t  a l . ,  1983,M 0^), Ca, BOng o f  

[^H]GA 2 g was a p p l ie d  to  each s e e d lin g  in  th e  p re se n t s tu d y .

T h is  is  s im i la r  to  th e  endogenous amounts o f  GA^g de te rm ined  in  

the  a p ic a l re g io n s  o f  shoo ts  by Ingram e t  a l .  (1984 ) ,  a lth o u g h  

much h ig h e r than  th e  rad io immunoassay e s tim a te s  re p o r te d  in  the  

p re s e n t s tudy  ( f ig u r e  1 2 ). I t  i s  p o s s ib le  th a t  t h i s  appa ren t 

d isc re pa n cy  a r is e s  because young s e e d lin g  shoo ts  c o n ta in  s m a lle r 

amounts o f  GAgg than  th e  a p ic a l re g io n s  o f  o ld e r  sh o o ts .

In  th e  p re se n t s tudy  o n ly  one o f  the  p ro du c ts  formed 

from  the  [^HjGAgg was o f  p o s s ib le  m e ta b o lic  o r ig in .  T h is  p ro du c t 

was p re se n t in  t a l l  and dw arf c u l t iv a r s  in  very  low amounts. I t  

was n o t id e n t i f ie d ,  b u t co-chrom a tography showed i t  to  be d is t in c t  

from  GÂ  and GAg. C o n s id e ra t io n  o f  HPLC re te n t io n  tim es  a ls o  

shows th a t  i t  i s  u n l ik e ly  to  be e i t h e r  GA^g o r GA2 g c a ta b o l i te .
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S eve ra l p o s s ib le  reasons can be sugges ted to  e x p la in  the  

low  amount o f p ro d u c t d e te c te d : i )  the  p e n e tra t io n  o f  the  [^HJGA^q

to  the  a c t iv e  s i t e  was p o o r; i i )  the  shoo ts  had o n ly  a low 

c a p a c ity  to  m e ta b o lise  [^HlGA^g? i i i )  the  p ro d u c ts  were r a p id ly  

fu r th e r  m e ta b o lise d ; a n d /o r i v )  the  la b e l was im m ed ia te ly  lo s t  

when the  [^HjGA^g was m e ta b o lis e d . In  a l l  th re e  c u l t iv a r s  the  

re co ve ry  o f the  a p p l ie d  la b e l decreased as the  d u ra t io n  o f  the  

feed  in c re a s e d , su g g e s tin g  th a t  m etabo lism  was o c c u r r in g . The 

low amount o f p ro d u c t d e te c te d  is  p ro b a b ly  the  r e s u l t  o f  ra p id  

tu rn o v e r ,  s in ce  o n ly  l im i t e d  lo s s  o f  la b e l wou ld be expec ted 

fo l lo w in g  co nve rs io n  to  GA^, GAg, GA^g o r GA2 g c a ta b o l i te .

These were the  o n ly  p ro d u c ts  which Ingram e t  a l .  (1984 ) d e te c ted  

as m e ta b o l ite s  from  la b e l le d  GA2 g wh ich had been fe d  to  s e v e ra l 

l in e s  o f  pea s e e d l in g s . The l in e s  used had d i f fe r e n t  stem le n g th  

geno types, and th e  a u th o rs  compared m e tabolism  o f  th e  a p p l ie d  

la b e l in  Le and Le p la n ts ,

Ingram e t  a l .  (1984 ) and R a i lto n  e ^  a L . (1974c) re p o r te d  

sm a ll amounts o f  GA2 g formed by pea s e e d lin g s  from  la b e lle d  GA2 Q, 

Ingram e t  a l ,  (1984 ) a ls o  observed sm a ll amounts o f  GA^, GAg and 

GAgg c a ta b o l i te  as m e ta b o l ite s  o f  GA2 g, and sugges ted th a t  a low  

co n ve rs io n  o f  GAgg to  GÂ  was l im i t i n g  grow th  in  peas dwarfed 

as a r e s u l t  o f  th e  homozygous presence o f the  le  gene. The low 

amounts o f  m e ta b o l ite s  d e te c te d  from  [^HjGAgg fe d  to  s e e d lin g s  

c o n t ra s t  w ith  th e  r e s u l t s  o f  feeds to  seeds, where much la rg e r  

amounts o f  p ro d u c ts  have been d e te c te d . (R a i l to n  e t  a l .  1974c; 

Sponsel and M a cM illan , 1975).
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D e sp ite  an e x te n s iv e  search , in  wh ich [ ^H] p oo l s iz e s  

as low as 0,2% o f  th e  a p p l ie d  s u b s tra te  wou ld have been d e te c te d , 

[^H]GA^ was n o t observed as a m e ta b o l ite  o f in  t a l l  o r

dw arf s e e d l in g s . T h is  c o n t ra s ts  w ith  th e  r e s u l t s  o f  Ingram ^  ^  

(1984 ) ,  who observed co nve rs io n  o f exogenous GA^g to  GÂ  and 

GAg in  t a l l  s e e d l in g s , a lth o u g h  o n ly  very low  le v e ls  o f  these 

p ro d u c ts  were d e te c te d . For example, the  amount o f  GÂ  th a t  was 

d e te c te d  was a lways le s s  than 0.3% o f the  a p p l ie d  GA^g. Ingram 

ejt (1984 ) observed d i lu t io n  o f  the  a p p l ie d   ̂ la b e l in  

th e  GÂ  poo l d e te c te d , and cons ide red  t h is  to  in d ic a te  th a t  the  

observed co nve rs io n  o f  GA^q to  GÂ  r e f le c te d  the  norm al pathway 

o f  s y n th e s is  o f  endogenous GA^. However, t h i s  c o n c lu s io n  is  

open to  doubt as s im i la r  d i lu t io n  wou ld a ls o  have occu rre d  i f  

th e  endogenous GÂ  was be ing formed from  a p re c u rs o r o th e r than  

GAgQ. The co nve rs io n  o f  GA2 q to  GÂ  in v o lv e s  3 y? -h yd ro xy la tio n . 

The o n ly  o th e r  r e p o r t  o f  i^ - h y d ro x y la t io n  in  peas is  th a t  o f 

G ur le y  e t  a l .  (1973) who observed low in c o rp o ra t io n  o f  [^H]GAg 

in to  [^H]GA^ in  th e  dw a rf c u l t i v e r  M eteor.

4 . 1 . 5 .  [ " H ] G A g  F EEDS

GAg is  n o t  known to  be an endogenous c o n s t i tu e n t  o f pea 

s e e d l in g s , a lth o u g h  i t  has been observed in  e x t ra c ts  from  

d eve lo p ing  seed (Frydman ejb , 1974). There is  b ioassay 

evidence f o r  th e  occurrence  o f  GAg in  shoo ts  (R a i l to n  and R e id , 

1974a; P ro e b s t in g  e t  a l . ,  1978) a ltho u gh  th e  rad io immunoassay 

a n a ly s is ,  re p o r te d  in  s e c tio n  2 .4 , f a i le d  to  d e te c t GAg in
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e x t ra c ts  o f shoo ts  o r s e e d lin g s  o f  c u l t iv a r s  A la ska , Me teor 

and P rogress N o.9 ( l i m i t  o f  d e te c t io n  ca . 100-500pg s e e d l in g  ^ ) .

The m e ta b o l ite s  o f  GAg observed in  the  p re s e n t in v e s t i 

g a t io n  were much more numerous than  d e te c ted  in  p re v io u s  

in v e s t ig a t io n s  us in g  peas (Frydman and M a cM illan , 1975; Sponsel 

and M acM illan , 1977; P ro e b s t in g  e t  a l . ,  1978; P ro e b s t in g  and 

Heftm an, 1980; R a ilto n  e t  a l . ,  1974a,b; R a il to n ,  1974; R a i lto n  

and R e id, 1974b).B reakdown p ro d u c ts  were observed in  the  c o n t ro l 

e x t r a c t ,  b u t these  were n o t th o u g h t to  be making a s ig n i f i c a n t  

c o n t r ib u t io n  to  th e  ra d io la b e lle d  compounds observed in  the  

tim e  course e x t r a c t s .  [^HJGA^q , id e n t i f ie d  as a p o s s ib le  non- 

m e ta b o lic  p ro d u c t by R a i lto n  je ;t (1974a ,b) was n o t  d e te c te d .

The m e tabo lism  o f [^H]GAg seemed to  be id e n t ic a l  in  

two dw arf c u l t iv a r s  (c v . M e teor and cv . P rogress N o .9 ) ,  and 

s im i la r  in  the  t a l l  c u l t i v e r  A la ska , a lth o u g h  d i f fe re n c e s  between 

the  p ro d u c ts  observed from  t a l l  and from  dw arf c u l t iv a r s  canno t 

be ru le d  o u t. [^H]GAg m e tabo lism  was a ls o  s im i la r  in  l i g h t -  

and dark-grow n p la n ts  o f  th e  c v . A la ska , a lth o u g h  s p e c i f ic  

d i f fe re n c e s  between p ro d u c ts  co u ld  a ls o  e x is t  he re .

The o n ly  m e ta b o lic  p ro d u c ts  a r is in g  from  [^HjGAg th a t  

were id e n t i f ie d  in  the  p re se n t s tud y  were [^HjGAgg and p o s s ib ly  

[^HjGAgg, a lth o u g h  i t  was p o s s ib le  to  exc lude  th e  presence o f 

a number o f  o th e r  GAs (T ab le  31). Kamiya and Graebe (1983) 

have sugges ted th a t  the  co n ve rs io n  o f  exogenous GAg to  GA^g in  

peas is  an a r t i f a c t  and does n o t re p re s e n t th e  pathway fo r  the  

fo rm a t io n  o f  endogenous GA2 g. GAg^, id e n t i f ie d  as a m e ta b o l ite
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o f  GAg in  pea seed by Frydman and M acM illan  (1975) and by Sponsel 

and M acM illan  (1977) was n o t d e te c te d . The presence o f  [^F l]- 

12cx-hydroxy G A g ,  a ls o  p re v io u s ly  re p o r te d  as a p ro d u c t o f 

exogenous GAg (R a i l to n  ejb , 1974a,b; Frydman and M a cM illan ,

1975; Sponsel and M a cM illa n , 1977), cou ld  n o t be exc luded as no 

s tan d a rd  was a v a i la b le  f o r  co -chrom a tography*

In  the  p re s e n t s tu d y  th e re  was a ra p id  a ccum u la tion  o f  

p o la r  p ro d u c ts , in d ic a te d  by an in c re a s e  in  the  amount o f 

r a d io a c t iv i t y  a s s o c ia te d  w ith  the  re s id u a l aqueous phase (Tab le  

2 2 ) . Frydman and M acM illan  (1975) and Sponsel and M acM illan  (1977) 

d e te c te d  q u ite  la rg e  amounts o f con juga ted  p ro d u c ts . In  the  

p re se n t s tudy  no tho rough  a n a ly s is  o f  con juga ted  p ro d u c ts  was 

c a r r ie d  o u t ,  b u t a n a ly s is  by SEC in d ic a te d  th a t  a c id ic  co n jug a te s  

d id  n o t account f o r  a s ig n i f ic a n t  p ro p o r t io n  o f  th e  r a d io a c t iv i t y  

in  the  a c id ic  EtOAc f r a c t io n ,  a t  le a s t  o f cv . A laska .

D i lu t io n  o f th e  la b e lle d  s u b s tra te  w ith  u n la b e lle d  GAg 

in  th e  p re sen t s tu d y  d id  n o t  s ig n i f i c a n t l y  a f f e c t  th e  m e ta b o l ite  

p r o f i le ,  a lth o u g h  th e  amount o f  s u b s tra te  a p p l ie d  v a r ie d  over 

th re e  o rd e rs  o f  m agn itude. T h is  sugges ts  th a t  th e  t is s u e  had a 

h ig h  c a p a c ity  to  m e ta b o lise  exogenous G A g ,  Frydman and M acM illan  

(1975) found th a t  exogenous GAg was e f f i c i e n t l y  m e tab o lise d  in  

d eve lo p ing  seed.

In  the  p re se n t s tud y  a much la rg e r  number o f  p ro du c ts  

from  [^H]GAg were d e te c te d  than re p o r te d  in  p re v io u s  in v e s t i 

g a t io n s  o f  P isum. T h is  is  p o s s ib ly  a consequence o f  th e  use 

o f  HPLC, R e -e v a lu a t io n  o f  the  r e s u l t s  o f  some o f  the  e a r l ie r
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expe r im en ts  is  re q u ire d  in  view  o f  the  p re sen t r e s u l t s ,  as 

te n ta t iv e  id e n t i f i c a t io n s  o f  Pisum GAg m e ta b o l ite s  based on 

TLC da ta  (R a i l to n ,  1974; R a i lto n  and R e id, 1974b) a re  c le a r ly  

m is le a d in g . The s i l i c a  g e l p a r t i t io n  column used by P ro e b s t in g  

£ t  (1 9 78 ), and by P ro e b s t in g  and Heftman (1 9 80 ), to  ana lyse  

[^H]GAg m e ta b o l ite s  from  the  l in e  G2, gave b e t te r  re s o lu t io n  

than  TLC b u t th e  p re s e n t r e s u l t s  in d ic a te  th a t  the  re s o lu t io n  

was inadequa te  to  d is t in g u is h  th e  range o f  p o t e n t ia l p ro d u c ts .

4 .2 .  ANALYSIS OF THE ENDOGENOUS GAs OF PISUM

The id e n t i f i c a t io n  o f  GA^g and GA^g as endogenous GAs 

o f  c v . A laska s e e d l in g s  is  c o n s is te n t  w ith  the  r e s u l t s  o f 

p re v io u s  s tu d ie s  o f th e  endogenous GAs o f  peas, in  wh ich bo th  

these  GAs have been d e te c te d  in  e x tra c ts  o f  seeds and o f  

v e g e ta t iv e  t is s u e s  (T ab le  2 ) ,  B ioassay and immunoassay evidence 

a ls o  in d ic a te d  th e  presence o f  a G A ^ -lik e  component in  cv . A laska 

(see f ig u r e  9 ) .  However, GC-MS a n a ly s is  f a i le d  to  d e te c t GÂ  

and i t  i s  sugges ted th a t  a nove l GA may be re s p o n s ib le  f o r  th e  

observed a c t i v i t y .

I f  a n o ve l GA is  re s p o n s ib le  f o r  the  a c t i v i t y  o f  f r a c t io n  

42 in  f ig u r e  9 then  a fu r th e r  im p o r ta n t  q u e s tio n  is  w he ther t h i s  

compound i s  b io lo g i c a l ly  a c t iv e  in  th e  pea. F ra c t io n  42 was n o t 

te s te d  in  th e  dw arf pea b io a ssa y . However, i t  i s  co ns ide re d  l i k e l y  

th a t  th e  compound re s p o n s ib le  f o r  th e  assay a c t i v i t y  seen wou ld 

a ls o  be b io lo g i c a l ly  a c t iv e  in  peas. T h is  is  because:
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1. From c ro ss  r e a c t i v i t y  s tu d ie s  most GAs th a t  a re  a c t iv e  

in  bo th  the  b a r le y  a le u ro n e  and le t tu c e  h y p o c o ty l b ioassays

a re  a ls o  a c t iv e  in  th e  d w a rf pea b ioassay  (see Reeve and C ro z ie r ,  

1975).

2. In  p re v io u s  expe rim en ts  where a G A ^-lik e  b io lo g i c a l ly  

a c t iv e  component has been is o la te d  from  young s e e d lin g s  (e .g .

Kende and Lang, 1964) th e  compound has been b io lo g i c a l ly  a c t iv e  

when a p p l ie d  to  dw a rf peas.

The d e te c t io n  o f  a G A ^ -lik e  compound is  c o n s is te n t  w ith  

the  r e s u l t s  o f  e a r l ie r  w o rke rs , who have re p o r te d  d e te c t in g  a 

G A ^ -l ik e  component from  seeds (Komoda e t  a l . ,  1968; P o t ts  and 

R e id , 1983; Ingram and B row n ing, 1979), young s e e d l in g s  (e .g .

Kende and Lang, 1964; Jones and Lang, 1968; Jones, 1988), and 

young a p ic a l t is s u e  (P ro e b s t in g  e t  a l . ,  T97B; P o t ts  ^  , 1982a)

o f  peas. The id e n t i t y  o f  th e  GA(s) caus ing  t h i s  b io lo g ic a l  

a c t i v i t y  has been th e  s u b je c t o f  c o n s id e ra b le  s p e c u la t io n  and 

d is c u s s io n  as , d e s p ite  e x te n s iv e  in v e s t ig a t io n s ,  GÂ  had no t 

u n t i l  re c e n t ly  (Ingram  e t  a l . ,  1984 ) been id e n t i f ie d  in  e x t ra c ts  

from  peas. In  s p i te  o f  t h i s  re c e n t id e n t i f i c a t io n  th e re  is  

some ev idence , b es ides  th e  p re s e n t w ork, a g a in s t  GÂ  be ing  

e n t i r e l y  re s p o n s ib le  f o r  th e  G A ^ - l ik e  b ioassay a c t i v i t y  observed :

1 . GÂ  has n o t been id e n t i f ie d  from  the  G A ^ - lik e  peak o f

b io a c t i v i t y  (d e s ign a ted  GA^) which has been o b ta in e d  c o n s is te n t ly  

when e x t ra c ts  o f seeds and o f  a p ic a l t is s u e s  o f  the  l in e  G2 have 

been b ioassayed in  th e  le t tu c e  h y p o c o ty l b ioassay (P ro e b s t in g  

e t  a l . ,  1978; Ingram and B row n ing, 1979; Davies e t  a l . ,  1982).
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I t  has been sugges ted th a t  GA  ̂ i s  GA^g (Ingram  and B row n ing, 1979; 

D avies e t  a l . ,  1982). However, GA^g has low  a c t i v i t y  in  the  

le t tu c e  h y p o c o ty l b ioassay (C ro z ie r  e t  , 1970) and i t  was 

necessary to  p o s tu la te  e i th e r  th e  presence o f  s y n e rg is ts  or 

v a r ie t a l  d i f fe re n c e s  in  the  le t tu c e  c u l t iv a r s  to  accoun t f o r  

th e  b io lo g ic a l  a c t i v i t y  seen (D av ies e t  a l . , 1982).

2 . GÂ  has n o t been id e n t i f ie d  in  seeds o f  cv . P rogress N o.9, 

d e s p ite  thorough  in v e s t ig a t io n s  (see Sponsel, 1980a), B ioassays 

were n o t emp loyed in  these  in v e s t ig a t io n s ,  so th e  presence o f  

G A ^ - l ik e  b io lo g ic a l  a c t i v i t y  in  seeds o f  cv . P rogress N o.9 is  

s p e c u la t iv e ,  a lth o u g h  such a component has been d e te c te d  in  seeds 

o f  o th e r  c u l t iv a r s  (R e inhard  and Konopka, 1967; P o t ts  and R e id , 

1983) and in  young s e e d lin g s  o f  c v . P rogress N o.9 (s e c t io n  2 ,4 , 

and a ls o  Kende and Lang, 1964; Kende, 1967; Jones and Lang, 1968; 

Jones, 1968), GÂ  has n o t been found in  young s e e d l in g s  o f  cv . 

P rogress N o ,9 (K irkw ood , 1979).

3. Re inhard and Konopka (1967) is o la te d  G A ^ - lik e  and GAg-

l i k e  components from  peas, b u t th e  G A ^ - l ik e  b io lo g ic a l  a c t i v i t y  

was sepa ra b le  from  a u th e n t ic  GÂ  by TLC. The unknown GA, 

d es ign a te d  GA^, had low e r a c t i v i t y  in  th e  dw arf pea and d^ maize 

b ioassays than  in  th e  dg maize b io assa y ,

Ingram e t  a l .  (1984 ) concluded th a t  GÂ  i s  th e  m a jo r GA

c o n t r o l l in g  stem e lo n g a t io n  in  peas. The p re se n t work p ro v ide d  

no evidence to  su p p o r t t h i s  h yp o th e s is  s in c e  GÂ  was n o t  d e te c ted

in  e x tra c ts  from  t a l l  s e e d lin g s  e i t h e r  as an endogenous c o n s t i tu e n t

o r as a m e ta b o l ite  o f  [^HJGA^q . I f  th e  sugges ted nove l GA is  a b le
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to  produce marked stem e lo n g a t io n  in  le^ dw arfs  then  re -e x a m in a t io n  

o f  the  h yp o th e s is  o f  Ingram e t  (1984 ) wou ld be necessa ry .

To conclude th a t  GÂ  i s  the  o n ly  GA c o n t r o l l in g  stem 

e lo n g a t io n  in  a sp e c ie s  re q u ire s  th e  d em on s tra tion  th a t  t h i s  i s  

the  o n ly  endogenous GA p re se n t in  norm al p la n ts  th a t  i s  a b le  to  

promo te marked stem e lo n g a t io n  in  m utan ts dwarfed as a r e s u l t  o f 

a b lo c k  in  the  GA b io s y n th e t ic  pathway im m ed ia te ly  p r io r  to  the  

fo rm a t io n  o f  GA^, In  peas t h is  in v o lv e s  a p p ly in g  the  GA to  Le 

d w a rfs , wh ich appear in c a p a b le  o f  c o n v e r t in g  GAgQ to  GÂ  (Ingram  

e t  a l . ,  1984 ) .  In  th e  absence o f  a com ple te  knowledge o f  th e  

GAs th a t  a re  endogenous c o n s t i tu e n ts  o f  peas i t  i s  necessary 

to  dem ons tra te  th a t  o n ly  one peak o f  b io lo g ic a l  a c t i v i t y ,  w ith  

a re te n t io n  tim e  id e n t ic a l  to  GA^, is  observed when e x t ra c ts  o f 

t a l l  peas a re  chrom a tographed and th e  f r a c t io n s  b ioassayed u s in g  

the  1 ^  m u tan t. The ch ro m a tog raph ic  system emp loyed must be a b le  

to  sepa ra te  GÂ  from  o th e r  b io lo g i c a l ly  a c t iv e  GAs, In  p ra c t ic e  

i t  wou ld be necessary to  p u r i f y  th e  e x tr a c t  u s in g  s e v e ra l su ccess ive  

h ig h  re s o lu t io n  ch rom a tog raph ic  s tep s  o f  d i f fe r e n t  s e l e c t i v i t y ,  

dem on s tra ting  th a t  a f t e r  each o n ly  a s in g le  peak o f  G A ^ -lik e  

b io lo g ic a l  a c t i v i t y  was p re s e n t .

In  the  p re s e n t s tud y  rad io im m unoassay a n a ly s is  showed

shoo ts  o f  bo th  t a l l  and dw arf s e e d lin g s  to  c o n ta in  s im i la r  le v e ls
p u ta t iv e

o f  a G A ^ -lik e  compound, p o s s ib ly  th e /n o v e l GA. I f  GÂ  were the  

c a u s a t iv e  compound th e  r e s u l t s  co u ld  s t i l l  be c o n s is te n t  w ith  

the  h yp o th e s is  th a t  dw arfism  in  1 ^  p la n ts  ( i . e .  cv . Meteor and 

cv . P rogress N o,9) is  due to  th e  p ro d u c tio n  o f  inadequa te  amounts
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o f  GÂ  (Ingram  ^  , 1984 ) .  T h is  is  because m o rp h o lo g ica l

measurements sugges t th a t  dw arfism  due to  th e  gene may n o t 

be expressed in  young s e e d l in g s , such as those used to  p ro v id e  

t is s u e  f o r  the  rad io im m unoassay a n a ly s is ,  to  the  same degree 

as in  o ld e r  s e e d l in g s  (R e id ejt , 1983).

Rad ioimmunoassay a n a ly s is  a ls o  sugges ted th a t  l i g h t -  

grown shoo ts  co n ta in e d  h ig h e r le v e ls  o f  G A ^ -lik e  im m unoreac tive  

GAs than  dark-g row n  sh o o ts , K oh le r (1970) d e te c te d  h ig h e r 

le v e ls  o f  b io lo g i c a l ly  a c t iv e  GAs in  e x tra c ts  o f  l ig h t -g ro w n  

peas than in  e x t ra c ts  o f  dark-g row n ones. These r e s u l t s  do no t 

n e c e s s a r i ly  re p re s e n t  good ev idence a g a in s t  the  in vo lvem en t o f  

GAs in  th e  l i g h t  i n h ib i t io n  o f  stem grow th  s in c e  th e  p o o l s iz e s  

de te rm ined  may n o t r e f l e c t  th e  a c tu a l amount o f  endogenous GA 

a v a i la b le  to  s t im u la te  g row th .

The r e s u l t s  o b ta in e d  c o n t ra s t  w ith  those  o f  Bown e t  a l . 

(1975) who found h ig h e r le v e ls  o f  G A -l ik e  b io lo g ic a l  a c t i v i t y  in  

dark-g row n s e e d l in g s  o f  Phaseolus cocc ineus compared to  l ig h t -g ro w n  

s e e d l in g s . I t  i s  d i f f i c u l t  to  draw co n c lu s io n s  about the  

invo lvem en t o f  a grow th  re g u la to r  in  a p h y s io lo g ic a l p rocess 

from  e s t im a te s  o f p o o l s iz e s ,  u n le ss  i t  i s  known th a t  th e  poo l 

s iz e  m on itored  is  re s p o n s ib le  fo r  d e te rm in in g  g ro w th . Changes 

in  ra te s  o f GA tu rn o v e r  do n o t  n e c e s s a r i ly  cause changes in  the  

p o o l s iz e s  observed. Zeeva^ t (1971) p ro v id e d  evidence th a t  LD 

g re a t ly  in c re ase d  GA tu rn o v e r in  Spinacea o le ra c e a , a lth o u g h  t h is  

was n o t obv ious from  b ioassay com par isons o f  th e  endogenous GA 

p oo ls  o f  LD and SD p la n ts .
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In  P isum s e e d l in g s  i t  i s  p o s s ib le  th a t  GAs accum u la te

in  l ig h t -g ro w n  t is s u e  because co nve rs io n  to  the  a c t iv e  GA is

reduced. T h is  wou ld sugges t th a t  th e  p o in t  o f c o n t ro l by l ig h t

i s  la t e  in  th e  b io s y n th e t ic  pa thway. Some ev idence to  su pp o rt

t h i s  su g g e s tio n  was p ro v id e d  by Kende and Lang (1 9 6 4 ). These

a u th o rs  e x tra c te d  G A ^ - l ik e  and G A ^-lik e  components from  peas and

b ioassayed them on l ig h t  and dark  grown peas. The G A ^ -l ik e

component was e q u a lly  a c t iv e  when a p p l ie d  to  e i th e r  l i g h t -  o r

AMO-1618 dwarfed dark-g row n  peas, b u t th e  G A ^ - lik e  component

appeared le s s  a c t iv e  when a p p l ie d  to  l ig h t -g ro w n  peas than  when 
dw arfed

a p p l ie d  to  AMO-1618 /d a rk -g ro w n  peas, GÂ  and GA^ s tandards  

showed s im i la r  b e h a v io u r,

4 .3 .  CONCLUSIONS

The m ajor c o n c lu s io n s  o f  th e  work p resen ted  in  t h is  

th e s is  are  th e re fo re :

1 , There appears to  be a n o v e l, p o s s ib ly  b io lo g i c a l ly  a c t iv e ,  

G A ^ - lik e  compound in  s e e d lin g s  o f  cv , A laska , a t a l l  pea.

2 , L ig h t  grown shoo ts  o f  pea s e e d lin g s  have h ig h e r le v e ls  

o f  G A ^ - lik e  im m unoreac tive  GAs than  dark-grow n s e e d l in g s , b u t 

t h i s  o b s e rv a t io n  does n o t r u le  o u t th e  p o s s i b i l i t y  th a t  GAs 

m edia te  th e  l ig h t - in d u c e d  in h ib i t io n  o f  stem g row th .

3, Pea s e e d lin g s  a re  a b le  to  13 -h y d ro x y la te  [^H ]G A^^, a 

C-20—m e thy l GA and [^H]GAg, a C^g—GA.

4 ,  Exogenous GAg is  r a p id ly  m e tabo lised  by pea se e d lin g s
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to  a la rg e  number o f  p ro d u c ts . The p a t te rn  o f  m e tabo lism  is  

id e n t ic a l  in  th e  dw arf c u l t iv a r s  Me teor and P rogress N o.9, 

and s im i la r  in  the  t a l l  c u l t i v a r  A laska , a lth o u g h .d i f fe re n c e s  

in  s p e c i f ic  p ro d u c ts  may e x is t  between t h is  c u l t i v a r  and the  

two dw arf c u l t i v a r s .  M e tabo lism  o f  [^HjGAg appears s im i la r ,  

b u t n o t n e c e s s a r i ly  id e n t i c a l ,  in  l i g h t -  and dark-g row n 

s e e d l in g s  o f  cv . A la ska ,

5. The r e s u l t s  p ro v id e d  no evidence in  s u p p o r t o f  the

h y p o th e s is  th a t  GÂ  i s  th e  o n ly  a c t iv e  GA c o n t r o l l in g  stem 

e lo n g a t io n  in  peas, s in c e  GÂ  was n o t d e te c te d  in  e x t ra c ts  

from  t a l l  s e e d l in g s  e i t h e r  as an endogenous c o n s t i tu e n t  o r as 

a m e ta b o l ite  o f  [^HJGA^q .
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203

^ ''« 1

I
Î
:

Kaufman, P .O ., Ghosheh, N .S ., Nakos teen, L . , P h a r is , R .P ,, D u r le y ,

R.C. and M o rf, W. (1 9 76 ). A n a ly s is  o f  n a t iv e  g ib b e r e l l in s  

in  th e  in te rn o d e , nodes, le a ves  and in f lo re s c e n c e  o f  

d eve lo p ing  Avena p la n t s .  P la n t  P h y s io l. ,  58: 131-134. i

K e i th ,  B . , Knuth , M ., C la rk ,  C ., M a t l in ,  S .A. and R appaport, L.
''1

(1 9 8 2 ). R e g u la t io n  o f uptake and com pa rtm en ta tion  o f

g ib b e r e l l in  A. in  cowpea ( V iqna s in e n s is ) le a f  va cu o le s . ÿ

ff

'II
K e l le r ,  P .L . and C o u lte r ,  M.W. (1 9 77 ). G ib b e re l l in  d i f fe re n c e s   ̂| |

r e s u l t in g  from  re d  l i g h t  in h ib i t io n  o f  g row th  in  pea 

e p i c o ty l .  P roc . P la n t  Grow th R e g u la to r Group, 4 : 92-99,

K e l le r ,  P .L . and C o u lte r ,  M.W. (1 9 8 2 ). The r e la t io n s h ip  o f

endogenous g ib b e r e l l in s  to  l ig h t - r e g u la t e d  stem e lo n g a t io n  

ra te s  in  dw arf and norm al c u l t iv a r s  o f  P isum sa tivum  L.

P la n t  C e l l  P h y s io l. ,  23: 409-416. i

I
i t s  m etabolism  in  dw arf peas. P la n t  P h y s io l. ,  42 : 1612-1618.

Kende, H. and Lang, A, (1 9 6 4 ). G ib b e re ll in s  and l i g h t  in h ib i t io n  ,4
.■fft-Si

o f  stem grow th  in  peas. P la n t  P h y s io l. ,  39 : 435-440.

K irkw ood, P .S . (1 9 7 9 ). The p a r t ia l  s y n th e s is  o f  g ib b e r e l l in s  and

re la te d  compounds in  P isum s a tiv u m . Ph.D. T h e s is , U n iv e rs ity  | |

o f  B r is t o l .

K o h le r, D. (1965a ). The c o n te n t o f g ib b e r e l l in - l i k e  substances in  

dw arf and norm al peas grow ing in  red  l i g h t ,  and th e  e f f e c t  o f 

c h lo ro c h o l in e  c h lo r id e  on grow th  o f  peas. P la n ta , 65 : 218-224.

I



■

204

S

'I

■11
K o h le r , D. (1965b ). The e f f e c t  o f  weak red  l ig h t  and c h lo ro c h o l in e -

c h lo r id e  on the  g ib b e r e l l in - c o n te n t  o f norm al pea s e e d l in g s , K

and the  cause o f  a d i f fe r e n t  s e n s ib i l i t y  o f  dw arf and norm al . TT

pea s e e d lin g s  tow ard the  endogenous g ib b e r e l l in .  P la n ta ,

44-54 . ( I

K o h le r , D. (1 9 7 0 ). The e f f e c t  o f red  l ig h t  on the  grow th  and

g ib b e r e l l in - c o n te n t  o f  pea s e e d l in g s . Z. P f la n z e n p h y s io l. ,

62 : 426-435.

K o h le r , D. and Lang, A. (1 9 6 3 ). Evidence f o r  substances in  

h ig h e r p la n ts  in t e r f e r i n g  w ith  response o f  dw arf peas to  

g ib b e r e l l in .  P la n t  P h y s io l. ,  38: 555-560.

Komoda, Y . , Is o g a i ,  Y. and Okamoto, T. (1 9 6 8 ). Is o la t io n  o f 

g ib b e r e l l in  from  pea pods. S c i.  Pap. C o l l .  gen. Educ.

Tokyo, 1 8 : 291-230,

■I
K osh ioka , M ., Harada, J . ,  Takeno, K . , Noma, M ., Sassa, T . ,  T

Ogiyama, K . , T a y lo r ,  J .S . ,  Rood, S .B ., Legge, R .L , and

P h a r is , R.P. (1 9 8 3 ). Reversed-phase g h igh -p e rfo rm a nce

l i q u id  chrom a tography o f  a c id ic  and con juga ted  g ib b e r e l l in s .

J . C h rom a tog r., 256; 101-115.

K r ish n am o o rth y , H .N ., ed, (1 9 75 ). G ib b e re ll in s  and P la n t  G row th.

W iley  E a s te rn , New D e lh i .

K u ra is h i ,  S. and M u ir ,  R.M. (1 9 6 4 ). The r e la t io n s h ip  o f  g ib b e r e l l in  :*

and a u x in  in  p la n t  g ro w th . P la n t  C e l l  P h y s io l. ,  5: 61-69 . TT

 '   _ ,



K u rog u ch i, S ., M u ro fu s h i, N ., O ta, Y. and Takahash i, N. (1 9 7 9 ). 

I d e n t i f i c a t io n  o f  g ib b e r e l l in s  in  the  r ic e  p la n t  and q u a n t i

t a t i v e  changes o f  g ib b e r e l l in  th rou g ho u t i t s  l i f e  c y c le . 

P la n ta , 146 : 185-191.

Lang, A. (1 9 7 0 ). G ib b e re l l in s :  s t r u c tu re  and m e tabo lism ,

Ann. Rev. P la n t  P h y s io l. ,  21= 537-570.

Lendz ian , K .J . ,  Z ie g le r ,  H. and S ankh la , N. (1 9 7 8 ). E f fe c t  o f 

phosphon-D on p h o to s y n th e t ic  l ig h t  re a c t io n s  and on 

re a c t io n s  o f  th e  o x id a t iv e  and re d u c t iv e  pentose phospha te 

c y c le  in  a r e c o n s t i tu te d  sp inach  ( Sp inacea o le ra ce a  L .)  

c h lo ro p la s t  sys tem . P la n ta , 141 : 199-204.

Letham, O .S ., Goodw in, P.O. and H ig g in s , T .J .U . ,  eds. (1 9 78 ).

Phytohormones and R e la ted  Compounds: A Comprehens ive T re a t is e ,  

Volumes I  and I I .  E ls e v ie r ,  Amsterdam, O x fo rd , New York.

Lockhard , R.G. and G runwald, C. (1 9 70 ), G ra f t in g  and g ib b e r e l l in  

e f fe c t s  on th e  grow th  o f  t a l l  and dw arf peas. P la n t  P h y s io l. ,  

160-162,

L o c k h a r t ,  J .A . (1 9 5 6 ). R eve rsa l o f  the  l ig h t  in h ib i t io n  o f  pea 

stem grow th  by th e  g ib b e r e l l in s ,  P roc. N a t. Acad, S c i .  USA, 

841-848.

L o c k h a r t ,  J .A . (1 9 5 7 ), S tu d ie s  on th e  organ o f  p ro d u c tio n  o f  

the  n a tu ra l g ib b e r e l l in  fa c to r  in  h ig h e r p la n ts .  P la n t  

P h y s io l. ,  204-207.

L o c k h a r t ,  J .A . and G o t ts c h a l l ,  V. (1 9 59 ). Growth responses o f 

A laska pea s e e d lin g s  to  v is ib le  ra d ia t io n  and GA^. P la n t  

P h y s io l. ,  460-465.

205



L o c k h a r t ,  J .A . and G o t ts c h a l l,  V. (1 9 6 1 ). F ru it - in d u c e d  and 

a p ic a l senescence in  Pisum sa tivum  L . P la n t  P h y s io l. ,  36; 

389-398.

on th e  le v e ls  o f endogenous g ib b e r e l l in s  in  sp inach as measured

206

’Ji

M a cM illa n , J . (1978)-. G ib b e re l l in  m e tabo lism . Pure A pp l. Chem.,

50: 995-1004.

M a cM illa n , J . (19,84). A n a ly s is  o f  p la n t  hormones and m e tabolism
■ ' §

o f  g ib b e r e l l in s .  In :  The B io s y n th e s is  and M e tabolism  o f P la n t I
Hormones, S o c ie ty  f o r  E xpe r im en ta l B io lo g y  Seminar S e r ie s , T l

V o l. 9, C ro z ie r ,  A. and H i l lm a n , J .R . ,  eds. Cambridge U n iv e rs ity
:

P ress, Cambridge ( in  p re s s ) .  t |

M a r t in ,  G.C. (1 9 83 ). Commerc ial uses o f  g ib b e r e l l in s .  In :  The

B io ch e m is try  and P h ys io lo g y  o f  G ib b e re l l in s ,  Volume I I .  

p p .395-444, C ro z ie i j A ., ed. P raege r, New Y ork, Eas tbourne

I

i
I

(UK), Tokyo, Sydney.

McComb, A .J . (1 9 64 ). The s t a b i l i t y  and movement o f g ib b e r e l l ic  

a c id  in  pea s e e d l in g s . Ann. B o t . ,  669-686.

McComb, A .J , and McComb, J .A . (1 9 7 0 ). Growth substances and the  

r e la t io n  between geno type and pheno type in  P isum s a tiv u m . 

P la n ta , 235-245.

M e tzger, J .D . and Z e e v a r t, J .A .D . (1980a ). Comparison o f  the

le v e ls  o f  s ix  endogenous g ib b e r e l l in s  in  ro o ts  and shoo ts  o f  

sp inach  in  r e la t io n  to  p h o to p e r io d . P la n t  P h y s io l. ,  66:

679-683. 1

M e tzger, J .D , and Z e e v a r t, J .A .D . (1980b). E f fe c t  o f  p ho to p e r io d

■i



by combined gas ch ro m a to g ra ph y -se le c ted  io n  c u rre n t m o n ito r in g . 

P la n t  P h y s io l. ,  844-046,

Mohr, H. and S h ro p s h ire , W. (1 9 8 3 ). An in t ro d u c t io n  to  p ho to 

m orphogenes is f o r  the  g e n e ra l re a d e r. In :  Pho tom orphogenes is,

E ncyc loped ia  o f P la n t  P hys io lo g y  New S e r ie s , V o l. ISA, p p .358- 

400, S h ro p s h ire , W. and Mohr, H ., eds. S p r in g e r-V e r la g ,

B e r l in ,  H e id e lb e rg , New York,

Moore, T .C . (1 9 67 ). G ib b e re l l in  r e la t io n s h ip s  in  th e  "A la s k a " pea 

( Pisum s a tiv u m ) .  Amer, J . B o t , ,  262-269.

Moore, T .C . and Coolbaugh, R.C. (1 9 7 6 ), C onvers ion o f  g e ra n y l-  

g e ra n y l pyrophospha te  to  e n t -kaurene in  enzyme e x t ra c ts  

o f  so n ic a te d  c h lo ro p la s ts .  Phy tochem ., 15: 1241-1247,

Morgan, D.C. and S m ith , H. (1 9 8 1 ). N o n -p h o to syn th e tic  responses 

to  l ig h t  q u a l i ty .  In :  P h y s io lo g ic a l P la n t  Ecology I .

Responses to  th e  P h y s ic a l E nv ironm en t. E ncyc loped ia  o f 

P la n t  P hys io lo g y  New S e r ie s , V o l. 12A, p p .109-134, Lange, G .L ., 

N obel, P .S ., Osmond, C.B. and Z ie g le r ,  H ., eds, S p r in g e r-  

V e r la g , B e r l in ,  H e id e lb e rg , New Y ork.

Murakami, Y. (1970 ). New r i c e  s e e d l in g  t e s t  f o r  g ib b e r e l l in s  -  

m ic rod rop  me thod. Jap. A gr. Res. Q u a r te r ly ,  _5: 5 -9 .

Murakami, Y. (1 9 72 ). D w a rf ing  genes in  r ic e  and t h e i r  r e la t io n

to  g ib b e r e l l in  b io s y n th e s is .  In :  P la n t  Grow th Substances 1970, 

pp .166 -174, C a rr, D .J . ,  ed. S p r in g e r-V e r la g , B e r l in ,  H e id e lb e rg , 

New Y ork,

207

_______________



M u r fe t ,  I . e .  (1 9 77 ). The p h y s io lo g ic a l g e n e tic s  o f  f lo w e r in g .

In :  The P h ys io lo g y  o f  th e  Garden Pea. p p .385-430, S u t c l i f f e ,  J .F , 

and P a te , J .S .,  eds. Academic P ress, London, New Y ork, San 

F ra n c is c o .

M u ro fu s h i, N ., D u r le y , R.C, and P h a r is , R.P. (1 9 7 7 ). P re p a ra t io n  

o f  ra d io a c t iv e  g ib b e r e l l in s  A^g, A^, and Ag. Agr. B io l.

Chem., 1075-1079.

Musgrave, A, and Kende, H. (1 9 70 ). R a d io a c t iv e  GAg and i t s  

m etabo lism  in  dw arf peas. P la n t  P h y s io l. ,  _45: 56-61 .

Nakamura, T . ,  Yabuuchi, Y. and Takahash i, N. (1 9 70 ). E f fe c t  o f 

g ib b e r e l l ic  a c id  on e lo n g a t io n  and n u c le ic  a c id  s y n th e s is  in  

e t io la t e d  A laska pea e p i c o ty l .  Develop. Grow th and D i f fe r e n 

t ia t i o n ,  1 2 : 189-197.

Nash, L .J .  (1 9 76 ). T ra n s lo c a t io n  and m e tabolism  o f  g ib b e r e l l in s  

in  s e e d lin g s  o f Phaseolus cocc ineus L. Ph.D. T h e s is  U n iv e rs ity  

o f  Glasgow.

Nash, L .J .  and C ro z ie r ,  A. (1 9 7 5 ). T ra n s lo c a t io n  and m e tabolism  

o f  [^H ] g ib b e r e l l in s  by lig h t -g ro w n  Phaseolus cocc ineus 

s e e d l in g s . P la n ta , 127 : 221-231.

N ic h o lls ,  P .B, and P a leg , L .G . (1 9 6 3 ). A b a r le y  endosperm b ioassay 

f o r  g ib b e r e l l in s .  N a tu re  (London), 199: 823-824.

□ h lro g g e , J .B . ,  G a rc ia -M a r t in e z , J . L . ,  Adams, D, and R appaport, T .L .

(1 9 80 ). Uptake and s u b c e l lu la r  com pa rtm enta tion o f  g ib b e r e l l in  
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