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ABSTRACT

The m e ta b o l ism  o f  exogenous i n d o l e - 3 - a c e t i c  a c id  (lAA) was exam ined 

i n  r o o t  and  c o l e o p t i l e  segm en ts  t a k e n  from  d ark -g row n  s e e d l i n g s  o f  Zea 

mays L. cv . F r o n ic a .  The r a t e  o f  d i s a p p e a r a n c e  o f  lAA, and t h e  ch e m ica l  

n a t u r e  o f  t h e  t o t a l  s p e c t ru m  o f  p r o d u c t s  i n  m e th a n o l i c  e x t r a c t s  o f  p l a n t  

m a t e r i a l  w hich h a d  been  i n c u b a t e d  w i th  lAA f o r  2h were i n v e s t i g a t e d .

The d i f f e r e n c e  i n  lAA m e ta b o l is m  i n  s e p a r a t e d  c o r t e x  p l u s  e p id e r m i s ,  and 

s t e l a r  t i s s u e s  o f  t h e  r o o t  was m o n i to re d .  Two m ethods o f  s u p p ly in g  lAA 

t o  t h e  segm en ts  were em ployed , and  t h e  e f f e c t  o f  t h e  mode o f  a p p l i c a t i o n  

on t h e  m e ta b o l ism  p a t t e r n  n o ted *  The m e ta b o l ism  o f  lAA, t r a n s p o r t e d  

th ro u g h  c o l e o p t i l e  and  r o o t  segm en ts  was a l s o  s t u d i e d .  In  e a ch  e x p e r im e n t ,  

t h e  u p ta k e  o f  exogenous lAA was n o t e d  and compared w i th  p u b l i s h e d  m ea su re ­

m ents o f  endogenous lAA l e v e l s .  F i n a l l y ,  e x p e r im e n ts  w ere  c a r r i e d  o u t  t o  

i n v e s t i g a t e  t h e  e f f e c t  o f  lAA on c o l e o p t i l e  and r o o t  e l o n g a t i o n .

Segments were u s u a l l y  S L p p l ie d  w i t h  lAA by  f l o a t i n g  them  i n  aqueous 

s o l u t i o n s  o f  t h e  r a d i o a c t i v e l y - l a b e l l e d  compound. A l t e r n a t i v e l y ,  a g a r  

b lo c k s  c o n t a i n i n g  ^^C-IAA were p l a c e d  a t  t h e  a p i c a l  ends o f  c o l e o p t i l e  

s e g m e n ts ,  o r  on p r o t r u d i n g  p o r t i o n s  o f  s t e l e  a t  t h e  b a s a l  ends o f  r o o t  

s e g m e n ts .  A l l  i n c u b a t i o n s  w ere  c a r r i e d  o u t  i n  d a r k n e s s .  Crude m e th a n o l i c  

e x t r a c t s  o f  p l a n t  m a t e r i a l  w ere  a n a ly s e d  u s i n g  a g r a d i e n t - e l u t i o n ,  r e v e r s e -  

p h a s e  h ig h -p e r fo r m a n c e  l i q u i d  c h rom â to g rap h  w i th  an o n - s t r e a m  homogeneous 

r a d i o a c t i v i t y  m o n i to r .  S a n g le  p u r i f i c a t i o n  was k e p t  t o  a  minimum t o  a v o id  

s e l e c t i v e  l o s s  o f  m e t a b o l i t e s .  C o n t r o l  e x p e r im e n ts  showed t h a t  d e g r a d a t i o n  

o f  lAA d i d  n o t  o c c u r  d u r in g  sam ple  p r e p a r a t i o n  o r  a n a l y s i s .  I n f o r m a t io n  on 

t h e  c h e m ic a l  n a t u r e  o f  m e t a b o l i t e s  was o b t a i n e d  from  h ig h -p e r fo r m a n c e  l i q u i d  

ch ro m a to g rap h  r e t e n t i o n  t i m e s ,  u se  o f  lAA l a b e l l e d  w i t h  "̂^C a t  d i f f e r e n t  

p o s i t i o n s  on th e  m o le c u le ,  e x a m in a t io n  o f  t h e  p r o d u c t s  o f  b a s e - c a t a l y s e d  

h y d r o l y s i s  and m é t h y la t i o n  w i t h  d ia z o m e th a n e ,  UY s p e c t r o p h o to m e t r y ,  and
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C O -ch ro m ato g rap h y  w i t h  s t a n d a r d s  o f  lAA d e r i v a t i v e s .  The i d e n t i t y  o f  t h e  

lAA r e m a in in g  a t  t h e  end  o f  e x p e r im e n t s  was c o n f i rm e d  by  combined gas 

ch rom a tog raphy -m ass  s p e c t r o m e t r y .

lAA was m e t a b o l i s e d  r a p i d l y  by  b o t h  r o o t s  and c o l e o p t i l e s  t o  a  l a r g e  

number o f  p r o d u c t s ;  a t  l e a s t  11 i n  r o o t s .  A l l  m e t a b o l i t e s ,  i n  m e th a n o l i c  

e x t r a c t s  o f  t i s s u e  i n c u b a t e d  f o r  2 h ,  w ere  more p o l a r  th a n  lAA and d i d  n o t  

i n v o lv e  d e c a r b o x y la t i o n .  The main p r o d u c t  i n  b o th  r o o t s  and  c o l e o p t i l e s  

a p p e a re d  t o  be  o x i n d o l e - 3 - a c e t i c  a c i d .  O th e r  t e n t a t i v e  i d e n t i f i c a t i o n s  

i n c l u d e d  5 - h y d r o x y i n d o l e - 3 - a c e t i c  a c i d ,  i n d o l e - 3 - a c e t y l  g l y c i n e  and an 

e s t e r  o f  lAA p o s s i b l y  w i th  a  s u g a r  o r  myo-i n o s i t o l .  The a p p e a ra n c e  o f  

s e v e r a l  p r o d u c t s ,  i n  s i m i l a r  q u a n t i t i e s ,  a f t e r  v e ry  s h o r t  i n c u b a t i o n  t im e s  

(10 m i n ) , i n d i c a t e d  t h a t  m e ta b o l is m  p r o b a b l y  d i d  n o t  t a k e  a  s i n g l e ,  l i n e a r  

p a thw ay .

E x p e r im en ts  u s in g  s t e r i l e  t i s s u e s  c o n f i rm e d  t h a t  m e ta b o l ism  was t a k i n g  

p l a c e  w i t h i n  t h e  p l a n t  c e l l s .  At t h e  lo w e s t  e x t e r n a l  c o n c e n t r a t i o n s  u s e d ,  

th e  amounts o f  ^^C-IAA t a k e n  i n t o  t h e  p l a n t  r e p r e s e n t e d  o n ly  a s m a l l  f r a c t i o n  

o f  endogenous l e v e l s  (m easu rem en ts  o b t a i n e d  from  p u b l i s h e d  d a t a ) .

I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  lAA o v e r  two o r d e r s  o f  m ag n i tu d e  d id  n o t  

a l t e r  t h e  p a t t e r n  o f  m e ta b o l is m .  The p r o d u c t s  o b s e rv e d  w ere  t h u s  u n l i k e l y  

t o  r e p r e s e n t  r e s u l t s  o f  a  d e t o x i f i c a t i o n  p r o c e s s .

Com parison o f  lAA m e ta b o l is m  b y  c o r t i c a l  and s t e l a r  t i s s u e s  o f  t h e  

r o o t  i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f  m e ta b o l ism  to o k  p l a c e  i n  t h e  c o r t e x .  

lAA p r e s e n t  i n  t h e  s t e l e ,  t h e  s i t e  o f  t h e  m a j o r i t y  o f  endogenous lAA i n

t h e  r o o t ,  a p p e a re d  t o  b e  p r o t e c t e d  from  m e ta b o lism .

The mode i n  w hich  lAA was s u p p l i e d  t o  r o o t s  h a d  a s u b s t a n t i a l  e f f e c t  

on t h e  m e ta b o l is m  p a t t e r n .  lAA a p p l i e d  i n  a g a r  b lo c k s  t o  t h e  s t e l e  a t  

t h e  b a s a l  end o f  segm en ts  was m e t a b o l i s e d  more s lo w ly  t h a n  t h a t  t a k e n  up

from  s o l u t i o n .  The r e l a t i v e  p r o p o r t i o n s  o f  p r o d u c t s  a l s o  d i f f e r e d .

A lthough  s u b s t a n t i a l  m e ta b o l is m  to o k  p l a c e  i n  a l l  e x p e r im e n t s ,  r a d i o ­

a c t i v i t y  t r a n s p o r t e d  t h ro u g h  b o t h  r o o t  and c o l e o p t i l e  s e g m e n ts ,  and c o l l e c t e d
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i n  a g a r  b l o c k s ,  rem a in e d  e x c l u s i v e l y  a s s o c i a t e d  w i th  t h e  lAA m o le c u le .

T h is  p r o v id e d  f u r t h e r  e v id e n c e  f o r  a  t r a n s p o r t  sy s te m  s p e c i f i c  f o r  lAA,

P r e l i m i n a r y  e x p e r im e n ts  w ere  a l s o  c a r r i e d  o u t  t o  s tu d y  t h e  e f f e c t s  

o f  lAA on segm ent e l o n g a t i o n .  C o l e o p t i l e  segm ents  i n c u b a t e d  i n  10” mol m 

lAA showed maximal grow th  s t i m u l a t i o n .  On t h e  o t h e r  h a n d ,  lAA (10” mol m” ) 

was shown t o  i n h i b i t  r o o t  e l o n g a t i o n .  Uptake  a t  t h i s  c o n c e n t r a t i o n  was o f  

t h e  same o r d e r  o f  m ag n i tu d e  as  endogenous l e v e l s .  lAA a t  low er  c o n c e n t r a t i o n s  

c o u ld  n o t  be shown t o  p rom ote  g row th . The e f f e c t  o f  lAA on r o o t s  was 

d e p e n d en t  on t h e  p r e s e n c e  o f  oxygen . Growth e x p e r im e n ts  w ere  a lw ays  c a r r i e d  

o u t  u s i n g  Ih  i n c u b a t i o n  t i m e s ,  as  g row th  o f  segm ents  d e c r e a s e d  r a p i d l y  a f t e r  

t h i s  t im e .  The p r o p o r t i o n  o f  exogenous lAA w hich  was m e t a b o l i s e d  a l s o  

i n c r e a s e d  w i th  t im e .

These r e s u l t s  h av e  s e v e r a l  i m p l i c a t i o n s  f o r  r e s e a r c h  on lAA p h y s io lo g y .

The c o m p le x i ty  o f  t h e  m e ta b o l is m  p a t t e r n  o b s e rv e d  h i g h l i g h t s  t h e  n e e d  f o r  

d e f i n i t i v e  i d e n t i f i c a t i o n  o f  t h e  t o t a l  s p e c t ru m  o f  m e t a b o l i t e s .  Co- 

c h ro m a to g rap h y  w i th  s t a n d a r d s  i n  t h i n - l a y e r  o r  p a p e r  sy s te m s  was c l e a r l y  

shown t o  b e  in a d e q u a te  f o r  t h i s  p u r p o s e .  The l a c k  o f  d e c a r b o x y la t i o n  

p r o d u c t s  c a l l s  i n t o  q u e s t i o n  t h e  r ô l e  o f  lA A -o x id ase s  i n  t h e  ^  v iv o  

m e ta b o l ism  o f  lAA. The f a s t  r a t e  o f  m e ta b o l i s m ,  t h e  s u b s t a n t i a l  e f f e c t

o f  mode o f  lAA a p p l i c a t i o n  on i t s  m e ta b o l i s m ,  and  t h e  r a p i d  d e c r e a s e  i n

g row th  r a t e  o f  s e g m e n ts ,  a l l  con found  r e s e a r c h  on t h e  e f f e c t s ,  t r a n s p o r t

and  b i n d i n g  o f  exogenous lAA,
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INTRODUCTION

I n t e r c e l l u l a r  com m unica tion  i s  a  p r o p e r t y  o f  fu n d a m e n ta l  im p o r ta n c e  

t o  m u l t i c e l l u l a r  o rg a n is m s .  As t h e  p h y s i o l o g i c a l  and m o rp h o lo g ic a l  

c o m p le x i ty  o f  t h e  o rg an ism  i n c r e a s e s ,  t h e r e  i s  a  c o r r e s p o n d in g  r e q u i r e m e n t  

f o r  e f f i c i e n t  and a d a p t i v e  c o o r d i n a t i o n  m echanism s. The p l a n t  o r  a n im a l  

m ust be  a b le  t o  i n t e g r a t e  d i r e c t l y  t h e  a c t i v i t i e s  o f  c e l l s  w hich may be  

c o n s i d e r a b l e  d i s t a n c e s  a p a r t .

S p e c i f i c  R e qu irem en ts  f o r  I n t e r c e l l u l a r  Communication i n  H ig h e r  P l a n t s

The s e d e n t a r y  h a b i t  o f  v a s c u l a r  p l a n t s  r e q u i r e s  them  t o  be  a d a p ta b l e  

t o  c h a n g in g  e n v i r o n m e n ta l  c o n d i t i o n s .  As th e y  a r e  n e a r l y  a l l  a u t o t r o p h i c ,  

p l a n t s  have  r e l a t i v e l y  s im p le  n u t r i e n t  r e q u i r e m e n t s .  They a r e ,  ho w ev er ,  

d e p e n d e n t  on h a v in g  an a d e q u a te  s u p p ly  o f  w a t e r ,  l i g h t  and m in e r a l  

n u t r i e n t s  and must r e s p o n d  t o  a  c h a n g in g  e x t e r n a l  s i t u a t i o n  i n  a  way w hich  

w i l l  e n s u r e  t h a t  t h i s  s u p p ly  c o n t i n u e s .  P l a n t s  must a l s o  be  r e s p o n s i v e  

t o  s e a s o n a l  changes i n  t e m p e r a t u r e  and d a y le n g t h ,  and s h o u ld  b e  a b le  t o  

r e a c t  t o  a d v e rs e  c i r c u m s ta n c e s  such  as a l l e l o c h e m i c a l s  and p r e d a t o r s  i n  

a  way w hich  w i l l  e n s u re  t h e i r  s u r v i v a l .  Fo r  any such  r e a c t i o n  t o  

e n v i r o n m e n ta l  c o n d i t i o n s  t h e  s e n s i n g  mechanisms o f  t h e  p l a n t  m ust b e  a b le  

t o  comm unicate w i th  t h e  o t h e r  o rg an s  and t i s s u e s .

I n t e r c e l l u l a r  com m unica tion  i s  a l s o  r e q u i r e d  to  i n t e g r a t e  t h e  c e l l -  

d i v i s i o n  a c t i v i t y  o f  s e p a r a t e  m e r is te m s  and t o  c o n t r o l  s u b s e q u e n t  c e l l  

g row th  and d i f f e r e n t i a t i o n .  The l o c a l i s a t i o n  o f  c e l l - d i v i s i o n  a c t i v i t y  

i n  t h e s e  em bryon ic  r e g i o n s ,  w hich  a r e  p r e s e n t  t h r o u g h o u t  t h e  l i f e  o f  t h e  

o rg a n is m ,  i s  a  u n iq u e  f e a t u r e  o f  p l a n t s .  At any t im e  t h e  m a j o r i t y  o f  

t h e s e  a r e a s  a r e  d o rm a n t ,  and t h e i r  a c t i v i t y  governs  t h e  m o rp h o lo g ic a l  

o r g a n i s a t i o n  o f  t h e  p l a n t .  In  a d d i t i o n  c e r t a i n  p l a n t  c e l l s  have  th e  

a b i l i t y  t o  d e d i f f e r e n t i a t e  and may r e g a i n  t h e  c a p a c i t y  f o r  c e l l  d i v i s i o n .



The e x i s t e n c e  o f  mechanisms w hich  c o n t r o l  c e l l  d i v i s i o n ,  growth, and 

d i f f e r e n t i a t i o n  may b e  d e m o n s t r a te d  u s in g  u n d i f f e r e n t i a t e d  c a l l u s  t i s s u e ,  

w hich  can be  p ro d u c e d  from  a  v a r i e t y  o f  p l a n t  s p e c i e s .  T h is  t i s s u e  can 

be  in d u c e d  t o  form m er is te m s  from  w hich  w hole p l a n t s  may b e  r e g e n e r a t e d .

Once an o rg an ism  h a s  r e a c h e d  a  c e r t a i n  s i z e ,  d i f f u s i o n  i s  no lo n g e r  

an a d e q u a te  means o f  d i s t r i b u t i n g  n u t r i e n t s  and m e t a b o l i t e s .  Thus 

h i g h e r  p l a n t s ,  i n  common w i th  o t h e r  complex m u l t i c e l l u l a r  o rg a n is m s ,  

m ust p o s s e s s  one o r  more e f f i c i e n t  t r a n s p o r t a t i o n  s y s te m s .  The movement 

o f  w a t e r  and n u t r i e n t s  w i t h i n  t h e  p l a n t ,  w h i l e  a  f a c e t  o f  com m unication  

i n  i t s  own r i g h t ,  may a l s o  c a r r y  i n f o r m a t i o n  c o n c e rn in g  t h e  a c t i v i t y  o f  

one p a r t  o f  t h e  p l a n t  t o  a n o th e r .  F o r  exam p le ,  i f  t h e  r a t e  o f  p h o t o ­

s y n t h e s i s  i n  t h e  l e a v e s  i s  r e d u c e d ,  t h e  l e v e l  o f  s u g a r s  i n  t h e  phloem  

sap  s u p p ly i n g  t h e  r o o t  s y s te m  i s  a l s o  l i k e l y  to  be  d e p r e s s e d .  In  t h i s  

t h e s i s  t h e  t r a n s p o r t  o f  n u t r i e n t s  w i l l  o n ly  be d i s c u s s e d  w i th  r e s p e c t  t o  

t h i s  l a t t e r  r ô l e .

P o s s i b l e  Modes o f  I n t e r c e l l u l a r  Communication

R e sea rch  i n t o  methods o f  com m unica tion  i n  h i g h e r  an im a ls  h a s  r e v e a l e d  

two main sy s tem s  ( e . g .  M e tz l e r ,  197 7 ) .  The m essage may t a k e  t h e  form  o f  

e l e c t r i c a l  im p u ls e s  as i n  t h e  n e rv o u s  s y s te m ,  o r  i t  may b e  c hem ica l  i n  

n a t u r e .  Hormones a re  exam ples  o f  chem ica l  m e s s e n g e rs .

E v idence  f o r  t h e s e  two modes o f  com m unication  h a s  a l s o  been  

i n v e s t i g a t e d  by p l a n t  p h y s i o l o g i s t s .  E l e c t r i c a l  im p u ls e s  o r  a c t i o n  

p o t e n t i a l s  have  b e e n  o b s e rv e d  i n  c e r t a i n  p l a n t s  which e x h i b i t  v e ry  r a p i d  

r e s p o n s e s  t o  e n v i ro n m e n ta l  s t i m u l i  ( e . g .  D ionaea  and Mimosa p u d i c a ; s e e  

B e n t ru p ,  1979) .  The g e n e r a l i t y  o f  such  n e r v e - l i k e  e l e c t r i c a l  s i g n a l s  

i s  u n c e r t a i n ,  how ever ,  and t h e r e  i s  c o n s i d e r a b l e  scope  f o r  more r e s e a r c h .

A w ide  v a r i e t y  o f  " c h e m ic a l  m e sse n g e rs "  a r e  t h e o r e t i c a l l y  p o s s i b l e .

The a c t i v e  m o le c u le s  m igh t v a ry  i n  s i z e  from s im p le  compounds such  as 

e th y l e n e  t o  complex p r o t e i n s  w hich  c o u ld  c a r r y  a l a r g e  amount o f  i n f o r m a t io n



As i n  a n im a ls  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  two o r  more s u b s ta n c e s  

w i th  o p p o s i t e  e f f e c t s  m ig h t  i n t e r a c t .  The a c t i v e  compounds c o u ld  be  

p r e s e n t  i n  m in u te  q u a n t i t i e s  o r  may be  r e l a t i v e l y  a b u n d a n t  and 

u b i q u i t o u s  n u t r i e n t  m o le c u le s  o r  i o n s .  I t  i s  a l s o  f e a s i b l e  t h a t  t h e  

g r a d i e n t  o f  a  s u b s t a n c e  a c r o s s  a  c e l l  o r  t i s s u e  may b e  more im p o r ta n t  

t h a n  i t s  a b s o l u t e  amount.

There  a r e  s e v e r a l  p o s s i b l e  r o u t e s  f o r  t h e  t r a n s m i s s i o n  o f  a  

c h e m ic a l  m essage . For r a p i d  com m unica t ion  a c r o s s  c o n s i d e r a b l e  d i s t a n c e s  

t h e  mass f low  t r a n s p o r t a t i o n  sy s te m s  o f  t h e  xylem and ph loem  m igh t  be  

u s e d .  F o r  s h o r t e r  d i s t a n c e s ,  t h e  s u b s t a n c e  c o u ld  move by  d i f f u s i o n  i n  

t h e  s y m p la s t  o r  a p o p l a s t  o r  even  th ro u g h  a i r  s p a c e s .  T here  i s  a l s o  

e v id e n c e  t h a t  s p e c i f i c  a c t i v e - t r a n s p o r t  mechanisms f o r  c e r t a i n  compounds 

( e . g .  i n d o l e - 3 - a c e t i c  a c i d ;  s e e  G o ld s m ith ,  1977) may e x i s t  a t  c e l l  

i n t e r f a c e s .

The D is c o v e ry  o f  Phytohorm ones

D e s p i te  t h e  l a r g e  v a r i e t y  o f  p o s s i b l e  forms o f  c h e m ic a l  m essag e , 

t h e  m a j o r i t y  o f  r e s e a r c h  on t h e  means o f  i n t e r c e l l u l a r  com m unica tion  i n  

p l a n t s  h a s  c o n c e n t r a t e d  on a  few s m a l l  o r g a n i c  m o le c u le s  w hich show 

p h y s i o l o g i c a l  a c t i v i t y  when p r e s e n t  i n  m in u te  q u a n t i t i e s .  The e a r l i e s t  

e v id e n c e  f o r  t h e  movement o f  an " i n f l u e n c e "  from  one p a r t  o f  t h e  p l a n t  

t o  a n o th e r ,  came from  t h e  work o f  t h e  Darwins (1 8 8 0 ) .  They d i s c o v e r e d  

t h a t  a  c o l e o p t i l e  c o u ld  be  p r e v e n t e d  from  r e s p o n d in g  p h o t o t r o p i c a l l y  by 

c o v e r in g  t h e  t i p  w i th  an opaque c a p ,  a l th o u g h  t h e  g row ing  c e l l s  p r o d u c in g  

t h e  c u r v a t u r e  w ere  l o c a t e d  f u r t h e r  down t h e  o rg a n .  I n d i c a t i o n s  t h a t  

t h e  " i n f l u e n c e "  was c h e m ic a l  i n  n a t u r e  came from  t h e  work o f  Boysen 

J e n s e n  (1 9 1 0 ) ,  who showed t h a t  t h e  s t i m u lu s  c o u ld  t r a v e l  th ro u g h  a b lo c k  

o f  g e l a t i n ,  and from  P â a l  (1919) . When P â a l  e x c i s e d  t h e  t i p s  o f  Avena 

c o l e o p t i l e s  and r e p l a c e d  them  a s y m m e t r i c a l l y ,  h e  o b s e rv e d  a  g r e a t e r  r a t e  

o f  grow th  i n  c e l l s  d i r e c t l y  be low  t h e  a p e x ,  p r o d u c in g  a  c u r v a t u r e



r e s e m b l in g  t h a t  in d u c e d  by a  u n i l a t e r a l  l i g h t  s t i m u l u s .  He c o n c lu d e d  

t h a t  t h e  c o l e o p t i l e  t i p  s e c r e t e d  a  g ro w th -p ro m o t in g  s u b s t a n c e ,  t h e  

d i s t r i b u t i o n  o f  w hich c o u ld  be  c o n t r o l l e d  i n  r e s p o n s e  t o  l i g h t .  T h is  

work was f u r t h e r  co n f i rm e d  by Went (1928) who o b t a i n e d  g r o w t h - a c t i v e  

d i f f u s a t e  from  c o l e o p t i l e  t i p s .  C u r v a tu r e  c o u ld  be  in d u c e d  by  p l a c i n g  

a  b lo c k  o f  a g a r ,  c o n t a i n i n g  d i f f u s a t e ,  a s y m m e tr ic a l l y  on a d e c a p i t a t e d  

c o l e o p t i l e .  The a n g le  o f  c u r v a t u r e  th u s  o b t a i n e d  was p r o p o r t i o n a l  t o  

t h e  number o f  a p i c e s  which had  been  p l a c e d  on t h e  a g a r  b l o c k .  Went 

a l s o  showed t h a t  when an e x c i s e d  c o l e o p t i l e  t i p  was g iv e n  a d i r e c t i o n a l  

l i g h t  s t i m u l u s ,  more g ro w th -p ro m o t in g  a c t i v i t y  d i f f u s e d  o u t  o f  t h e  s i d e  

away from  t h e  l i g h t  s o u r c e .  W hile  s tu d y i n g  g e o t r o p i s m ,  Dolk (1930) 

d e m o n s t ra te d  a r e d i s t r i b u t i o n  o f  g ro w th -p ro m o t in g  s u b s t a n c e  i n  a  h o r i z o n t a l  

c o l e o p t i l e  t i p .  He f u r t h e r  showed t h a t  t h e  t o t a l  g row th  and  t o t a l  amount 

o f  g ro w th -p ro m o t in g  s u b s ta n c e  d i d  n o t  change i n  r e s p o n s e  t o  t h e  g r a v i t y  

s t i m u l u s .

The f i r s t  s t u d i e s  o f  t h e  c h e m ic a l  i d e n t i t y  o f  t h e  g ro w th -p ro m o t in g  

s u b s t a n c e ,  w hich  became known as  a u x in ,  were c a r r i e d  o u t  on e x t r a c t s  o f  

human u r i n e  w hich  had  b e e n  shown to  p o s s e s s  c o n s i d e r a b l e  a u x in  a c t i v i t y  

i n  b i o a s s a y .  In  1934, KSgl e ^  i s o l a t e d  c r y s t a l l i n e  i n d o l e - 3 - a c e t i c  

a c id  from  t h i s  s o u r c e  and d e m o n s t r a te d  t h a t  t h i s  compound had  c o n s i d e r a b l e  

a u x in  a c t i v i t y .  I n d o l e - 3 - a c e t i c  a c i d  (lAA) was s u b s e q u e n t ly  e x t r a c t e d  

from R hizopus s u in u s  (Thimann, 1935) and c o m  s e e d s  (H aagen-Sm it e ^  a l . , 

1946) .  I t  was n o t  u n t i l  1972^how ever, t h a t  lAA was c o n c l u s i v e l y  i d e n t i f i e d  

from  Zea mays c o l e o p t i l e  t i s s u e  (Greenwood e ^  ) .

lAA has  now b een  i d e n t i f i e d  from  a  l a r g e  number o f  p l a n t  s p e c i e s  

u s i n g  a  r a n g e  o f  a n a l y t i c a l  t e c h n i q u e s ,  t h e  a c c u ra c y  o f  w hich  i s  d i s c u s s e d  

e x t e n s i v e l y  by Reeve and C r o z i e r  (19.80). T ab le  1 g iv e s  a  s e l e c t i o n  o f  

t h e  p l a n t  t i s s u e s  from  w hich lAA has  b een  i d e n t i f i e d  c o n c l u s i v e l y  by 

o b t a i n i n g  a f u l l - s c a n  mass s p e c t ru m .

S in c e  t h e  d i s c o v e r y  o f  lAA, a number o f  o t h e r  g roups  o f  conpounds ,  

c a p a b le  o f  a f f e c t i n g  g row th  and deve lopm en t when p r e s e n t  i n  s m a l l
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P in u s  s y I v e s t r i s s e e d l i n g s S andbe rg  e t  a l .  (1981)

F r a g a r i a  x a n a n a s s a im m ature  f r u i t s Sw artz  and P ow ell  (1979)

Maius p u m ila s h o o t  t i p s Sw artz  and Pow ell  (1979)

U n d a r ia  p i n n a t i f i d a young t h a l l i Abe e t  a l . (1972)



q u a n t i t i e s ,  have  a l s o  been  e x t r a c t e d  from  v a s c u l a r  p l a n t s .  T here  a r e  

f i v e  g e n e r a l l y  a c c e p te d  g roups  o f  "phy tohorm ones"  o r  " p l a n t  growth 

s u b s t a n c e s " :  t h e  a u x in s ,  t h e  g i b b e r e l l i n s , t h e  c y t o k i n i n s ,  a b s c i s i c

a c i d  and e th y l e n e  ( f o r  a  d i s c u s s i o n  o f  t h e  te r m in o lo g y  f o r  such  compounds 

se e  W eyers, 1978; and H e w i t t ,  1980 ) .  S e v e ra l  o t h e r  s u b s t a n c e s  whose 

p h y s i o l o g i c a l  a c t i v i t y  i s  l e s s  w e l l  e s t a b l i s h e d ,  h a v e  a l s o  b e e n  s t u d i e d  

( e . g .  v a r i o u s  p h e n o l i c s ,  f a t t y  a c id s  and t e r p e n o i d s ) .  A s e l e c t i o n  o f  

t h e  b e t t e r  docum ented r e s p o n s e s  t o  phy tohorm one a p p l i c a t i o n  i s  shown i n  

T a b le  2.

The Rôle o f  Phytohorm ones i n  H ig h e r  P l a n t  P h y s io lo g y

The te rm  hormone was f i r s t  u s e d  b y  B a y l i s s  and S t a r l i n g  (1902 and 

1904) t o  d e s c r i b e  t h e  a c t i o n  o f  s e c r e t i n ,  a  m o le c u le  s e c r e t e d  by  t h e  

duodenum t h a t  s t i m u l a t e s  t h e  a c t i v i t y  o f  t h e  p a n c r e a s .  They d e f i n e d  

hormones as " c h e m ic a l  m esse n g e rs  p ro d u c e d  i n  one o rg an  and t r a n s p o r t e d  i n  

th e  b lo o d s t r e a m  t o  a s i t e  o f  a c t i o n  i n  a n o th e r " .  P l a n t  growth s u b s ta n c e s  

h av e  t r a d i t i o n a l l y  b een  assumed t o  o p e r a t e  i n  a  s i m i l a r  m anner. Thimann 

(1948) d e f in e d  a phy tohorm one as " an  o r g a n i c  s u b s ta n c e  p ro d u c e d  n a t u r a l l y  

i n  h i g h e r  p l a n t s ,  c o n t r o l l i n g  grow th  o r  o t h e r  p h y s i o l o g i c a l  f u n c t i o n s  a t  

a  s i t e  rem ote  from  i t s  s i t e  o f  p r o d u c t i o n ,  and a c t i v e  i n  m in u te  am oun ts" .

A p h y s i o l o g i c a l  r e s p o n s e  was b e l i e v e d  t o  be  in d u c e d  by a  change i n  t h e  

amount o f  a  s u b s ta n c e  b i n d i n g  t o  r e c e p t o r  s i t e s  i n  th e  c e l l s  o f  a  t a r g e t  

t i s s u e .

E a r ly  e x p e r im e n ts  on t h e  r ô l e  o f  a u x in  i n  t h e  g e o t r o p i s m  and p h o to -  

t r o p i s m  o f  Avena c o l e o p t i l e s  s u p p o r t e d  t h i s  t h e o r y .  Auxin a p p e a re d  t o  

b e  s y n t h e s i s e d  i n  one p l a c e ,  i . e .  t h e  c o l e o p t i l e  t i p ,  and t r a n s p o r t e d  t o  

a  s i t e  o f  a c t i o n  i n  a n o t h e r ,  i . e .  t h e  zone o f  c u r v a t u r e .  T here  i s ,  

how ever ,  an i n c r e a s i n g  body o f  e v id e n c e  t h a t  t h e  f u n c t i o n  o f  phy tohorm ones 

may be  more complex th a n  t h e  t r a d i t i o n a l  t h e o r i e s  s u g g e s t ,  and s e v e r a l  

a l t e r n a t i v e  h y p o th e s e s  have  been  p r o p o s e d .



Ta b le  2 : P h y s i o l o g i c a l  R esponses  t o  P l a n t  Growth S u b s ta n c e s

(G e n e r a l ly  S p e c i e s - S p e c i f i c )

a. E f f e c t s  on t h e  Fundam enta l  P r o c e s s e s  o f  C e l l  D i v i s i o n ,  Growth and 
D i f f e r e n t i a t i o n

Phenomenon Growth
S u b s ta n c e E f f e c t Example R e fe re n c e

C e l l  D i v i s i o n C y to k in in s S t i m u l a t i o n Letham (1963)

lAA S t i m u l a t i o n  o f  cam b ia l  
c e l l  d i v i s i o n

Snow (19 35)

C e l l  Growth lAA S t i m u l a t i o n  o f  s h o o t  
grow th

I n h i b i t i o n  o f  r o o t  
grow th

Went § Thimann (1937) 

Went & Thimann (1937)

G i b b e r e l l i n s P ro m o tio n  o f  growth 
o f  g re e n  s h o o ts

B r ia n  and Hemming (1955)

C y to k in in s P rom otion  o f  c o ty le d o n  
e n la rg e m e n t

E s a s h i  and Leopo ld  (1969)

A b s c i s i c
a c id

Growth i n h i b i t i o n A d d ic o t t  e t  a l .  (1964)

E th y le n e Growth i n h i b i t i o n P r a t t  and  Goes c h i  (1969)

C e l l
D i f f e r e n t i a t i o n

lAA S t i m u l a t i o n v o f  xylem 
and phloem  
d i  f f e r e n t i  a t i o n

J a c o b s  (1952)

LaMotte and J a c o b s  (1963)

Organ Morpho­
g e n e s i s

lAA C o n t r o l  o f  c a l l u s
t i s s u e  m orphogenes is

P ro m o tio n  o f  r o o t  
i n i t i a t i o n

M i l l e r  and Skoog (1953) 

Avery and Johnson  (1947)

C y to k in in s C o n t r o l  o f  c a l l u s
t i s s u e  m orphogenes is

Skoog and M i l l e r  (1957)



b . Some Examples o f  R esponses  to  P l a n t  Growth S u b s ta n c e s  c o n c e rn in g  A sp e c ts  
o f  C o r r e l a t i v e  C o n t r o l  o f  P l a n t  Developm ent and Response t o  t h e  E nvironm ent

Phenomenon Growth
S u b s ta n c e Response Example R e fe re n c e

Seed Dormancy

S e e d l i n g
Morphology

G eo tro p ism

P h o to t r o p i s m

Bud Dormancy

G i b b e r e l l i n s

C y to k in in s

A b s c i s i c
a c id

E th y le n e

E th y le n e

lAA

lAA

G i b b e r e l l i n s

C y to k in in s

E th y le n e

A p ic a l  Dominance lAA

C y to k in in s

J u v e n i l i t y

S to m a ta l
Movement

L e a f
S e n e sce n c e

G i b b e r e l l i n s

A b s c i s i c
a c id

C y to k in in s

lAA

G i b b e r e l l i n s

C y to k in in s

E th y le n e

L e a f  A b s c i s s i o n  lAA

A b s c i s i c
a c id

E th y le n e

B reak dormancy 

Break  dormancy 

I n h i b i t s  g e rm in a t io n

B reaks  dormancy

M a in ta in s  p lu m u la r  
hook

lAA t r a n s p o r t e d  to  
lo w er  s i d e  o f  s h o o t

T r a n s p o r t e d  t o  
d a rk e n e d  s i d e  o f  
s h o o t

Break dormancy 

Break dormancy 

B reaks  dormancy

R e p la ce s  a p i c a l  bud

R e le a s e  l a t e r a l  buds 
from  a p i c a l  
dom inance

Reduce p e r i o d  o f  
j u v e n i l i t y

Causes  s to m a ta l  
c l o s u r e

Prom ote  s t o m a t a l  
o p e n in g

D elays  s e n e s c e n c e  

Delay  s e n e s c e n c e  

D elay  s e n e s c e n c e  

A c c e l e r a t e s  s e n e s c e n c e

I n h i b i t s  a b s c i s s i o n

Prom otes  a b s c i s s i o n  
i n  e x p la n t s

Prom otes  a b s c i s s i o n

Suzuk i and T a k a h ash i  (1968) 

M i l l e r  (1956)

A s p i n a l l  e t  a l . (1967)

Vacha and H arvey  (1927)

Kang ei^ a l . (1967)

Shaw e t  a l . (1973)

Gard.n e r  e t  a l .  (1974)

B r ia n  e ^  a l .  (1955)

Benes e t  a l .  (1965)

P r a t t  and Goes c h i  (1969)

Thimann and Skoog (1933) 

Sachs and Thimann (1964)

P h a r i s  and M orf (1968)

M i t t e l h e u s e r  and Van 
S te v e n in c k  (1969)

K u ip e r  (1972)

S a c h e r  (1959)

F l e t c h e r  and Osborne (1965) 

Richmond and Lang (1957) 

Burg (1968)

La Rue (1935)

Bomman e t  a l .  (1967)

Zimmerman e t  a l .  (1931)



Phenomenon Growth
S u b s ta n c e Response Example R e fe re n c e

F lo w e r in g lAA Prom otes  f lo w e r in g  
i n  Bromel i a d s

C la rk  and  K em s (1942)

G i b b e r e l l i n s In d u ce s  f lo w e r in g  in  
lo n g  day and c o ld  
r e q u i r i n g  p l a n t s

Lang (1956)

C y to k in in s Prom otes  f l o w e r i n g ,  
some s h o r t - d a y  
p l a n t s

Ogawa (1961)

A b s c i s i c
a c id

Prom otes  f l o w e r i n g ,  
some s h o r t - d a y  
p l a n t s

E l -A n ta b ly  and W are ing (1966

E th y le n e Prom otes  f lo w e r in g  
i n  B ro m eliad s

R o d r ig u ez  (1932)

F r u i t G i b b e r e l l i n s ) C rane (1964)
S e t t i n g lAA ^Allows deve lopm en t o f Crane (1965)

C y to k in in s  ̂ p a r t h e n o c a r p i c  f r u i t Crane (1965)

F r u i t
R ip e n in g

E th y le n e S t i m u l a t e s  f r u i t  
r i p e n i n g

Lyons and P r a t t  (1964)

lAA D e fe rs  r i p e n i n g R e n d re 11 (1969)

G i b b e r e l l i n s R e ta rd s  r i p e n i n g Coggins and Lewis (1962)

F r u i t A b s c i s i c S t i m u l a t e s  a b s c i s s i o n A d d i c o t t  e t  a l .  (1964)
A b s c i s s io n a c i d

E th y le n e S t i m u l a t e s  a b s c i s s i o n P r a t t  and Goesch;! (1969)
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I n  t h e  s p e c i f i c  example o f  c o l e o p t i l e  p h o t o t r o p i s m  and g e o t r o p i s m ,

F i m  and Dig by (19 80) and Trewavas (1981) have  p o i n t e d  o u t  t h a t  amounts 

o f  lAA moving l a t e r a l l y  a c r o s s  t h e  o rgan  may n o t  be  s u f f i c i e n t  t o  p ro d u c e  

t h e  o b s e rv e d  change i n  grow th  r a t e .  The e f f e c t  o f  lAA on c o l e o p t i l e  

e lo n g a t i o n  i s  p r o p o r t i o n a l  t o  t h e  lo g  o f  i t s  c o n c e n t r a t i o n  (B e n t le y  and 

BiicRle*. 1952) w i t h  r e l a t i v e l y  l a r g e  changes i n  hormone l e v e l s  b e in g  

r e q u i r e d  to  in v o k e  a  n o t i c e a b l e  r e s p o n s e .  However, t h e  amount o f  

exogenous lAA t r a n s p o r t e d  l a t e r a l l y  i n  r e s p o n s e  t o  a  g r a v i t y  o r  l i g h t  

s t i m u lu s  (Shaw e t  a l . ,  1973 and G ardner e;^ 1974) was no more t h a n

56% and 15.3% r e s p e c t i v e l y .  C urry  (1969) a l s o  showed t h a t  t h e  t i p  was 

n o t  t h e  on ly  r e g i o n  o f  t h e  c o l e o p t i l e  c a p a b le  o f  d e t e c t i n g  a  d i r e c t i o n a l  

l i g h t  s t i m u l u s ,  a l th o u g h  i t  was somewhat more s e n s i t i v e  th a n  r e g i o n s  lo w e r  

down. S i m i l a r l y ,  g e o s e n s i t i v i t y  i s  found  a lo n g  t h e  l e n g t h  o f  t h e  o rg a n  

( F i m  and Digby, 1980) . These r e s u l t s  h av e  l e d  t h e  above a u th o r s  to  

q u e s t i o n  w h e th e r  lAA h a s  any r ô l e  i n  s h o o t  p h o to t r o p i s m  o r  g e o t ro p is m .

In  t h e  c a se  o f  g e o t ro p is m  th e y  s u g g e s t e d  t h a t  t h e  e p id e r m a l  c e l l s  o f  th e  

e l o n g a t i o n  zone may b o th  d e t e c t  t h e  g r a v i t y  s t im u lu s  and re s p o n d  d i r e c t l y  

by ch a n g in g  t h e i r  r a t e  o f  g row th .

The l o g a r i t h m i c  r e l a t i o n s h i p  b e tw e en  exogenous c o n c e n t r a t i o n  and 

e f f e c t  i s  common t o  t h e  m a j o r i t y  o f  b i o a s s a y s .  On th e  o t h e r  h a n d ,  t h e  

l a r g e s t  o b s e rv e d  endogenous changes i n  amounts o f  phy tohorm ones  a re  t h e  

40-50 f o l d  i n c r e a s e s  i n  t h e  a b s c i s i c  a c i d  c o n te n t  o f  some l e a v e s  s u b j e c t e d  

t o  w a t e r  s t r e s s ;  a  tw o-  t o  f i v e - f o l d  i n c r e a s e  i s  more commonly r e c o r d e d  

( se e  T rew avas,  1981) . On t h i s  b a s i s  Trewavas p r o p o s e d  t h a t  changes i n  

l e v e l s  o f  p l a n t  grow th s u b s t a n c e s  a r e  n o t  n o rm a l ly  r e s p o n s i b l e  f o r  

p h y s i o l o g i c a l  c h a n g e s ,  b u t  t h a t  th e y  m igh t  s e r v e  t o  i n t e g r a t e  p h y s i o l o g i c a l  

p r o c e s s e s ,  e n s u r i n g  t h a t  grow th  and d i f f e r e n t i a t i o n  o c c u r  i n  an e v e n ly  

d i s t r i b u t e d  f a s h i o n  th r o u g h o u t  a  group o f  c e l l s .  I t  m ust b e  r e c o g n i s e d ,  

h ow ever ,  t h a t  m easurem ents  o f  p l a n t  hormone l e v e l s  a re  f r e q u e n t l y  made on 

w hole  o rg an s  o r  l a r g e  a r e a s  o f  t i s s u e .  D i f f e r e n t  c o n c lu s io n s  m igh t  be
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r e a c h e d  i f  t h e  movement o f  s u b s t a n c e s  b e tw e en  i n d i v i d u a l  c e l l s  o r  even 

be tw een  d i f f e r e n t  com partm ents  w i t h i n  c e l l s  was c o n s id e r e d .  I t  has 

been  shown (Loveys, 1977; and W eyers, 1978) t h a t  movement o f  a b s c i s i c  

a c i d  from  th e  l e a f  m eso p h y l l  t o  t h e  g u a rd  c e l l s  o f  t h e  e p id e rm is  o c c u rs  

i n  r e s p o n s e  t o  w a t e r  s t r e s s  and  p r e c e d e s  t h e  i n c r e a s e  i n  t o t a l  a b s c i s i c  

a c id  l e v e l s  (W alton e t  a l . ,  1 9 7 7 ) .  F u r th e rm o re ,  t h e  r e l a t i o n s h i p  be tw een  

exogenous hormone c o n c e n t r a t i o n  and r e s p o n s e  may n o t  r e f l e c t  a c c u r a t e l y  

t h e  e f f e c t  o f  t h e  endogenous s u b s t a n c e .  The i n f l u e n c e  o f  r a t e s  o f  u p ta k e  

and m e ta b o lism  on th e  a c t i v i t y  o f  t h e  a p p l i e d  compound m ust be  c o n s id e r e d .

The e f f e c t i v e  l e v e l s  o f  a  p l a n t  g row th  s u b s ta n c e  m ig h t  a l s o  be a l t e r e d  

by r e g u l a t i n g  th e  a c t i v i t y  o f  p u t a t i v e  r e c e p t o r  s i t e s .  Trewavas (1981) 

r e p l o t t e d  t h e  r e s u l t s  o f  W right (1961 and 1966) on th e  change i n

s e n s i t i v i t y  t o  au x in ,  and th e  grow th  r a t e  o f  w hea t c o l e o p t i l e s ,  as a

f u n c t i o n  o f  th e  d e v e lo p m e n ta l  a g e .  The g raph  showed a s u b s t a n t i a l  

i n c r e a s e  i n  s e n s i t i v i t y  w hich  p r e c e d e d  t h e  r i s e  i n  grow th  r a t e .  Osborne 

(1978) d i s c u s s e d  a  s i m i l a r  deve lopm en t i n  t h e  f lo w e r  buds o f  E c b a ll iu m  

e l a t e r i u m . Only buds w hich  h a d  p a s s e d  a  c e r t a i n  s t a g e  i n  deve lopm en t 

co u ld  b e  in d u c e d  by e t h y l e n e  t o  s e p a r a t e  from  th e  p e d i c e l .  However, as 

t h e  o va ry  i s  n o t  u s u a l l y  s h e d  u n t i l  a f t e r  th e  o v u le  has  been  p o l l i n a t e d  

and t h e  f r u i t  r i p e n e d ,  deve lopm en t o f  e t h y l e n e  s e n s i t i v i t y  can n o t  be  t h e  

norm al t r i g g e r  f o r  a b s c i s s i o n .

A n o th e r  a l t e r n a t i v e  t h e o r y  s u g g e s t s  t h a t  g r a d i e n t s  o f  p l a n t  growth 

s u b s ta n c e s  may i n  some c a s e s  be  r e s p o n s i b l e  f o r  i n d u c in g  c e l l  d i f f e r e n t i a t i o n ,  

Wetmore and R i e r  (1963) p r e s e n t e d  e v id e n c e  t h a t  g r a d i e n t s  o f  lAA and 

s u c r o s e  w i t h in  a  c y l i n d e r  o f  c a l l u s  in d u c e d  t h e  f o rm a t io n  o f  n o d u le s  o f  

v a s c u l a r  t i s s u e .  The r e l a t i v e  p r o p o r t i o n s  o f  lAA and s u c r o s e  a l s o

a f f e c t e d  th e  r a t i o  o f  xylem and ph loem .

While phy tohorm ones have  many d r a m a t i c  e f f e c t s  on e x c i s e d  t i s s u e s  

and o rg an s  th e y  a r e  f r e q u e n t l y  i n e f f e c t i v e  when a p p l i e d  t o  i n t a c t  p l a n t s .

F o r  exam ple ,  t h e  a p p l i c a t i o n  o f  lAA t o  i n t a c t  c o l e o p t i l e s  l e d  t o  g row th  

i n c r e a s e s  o f  o n ly  some 25% (Went and Thimann, 1937 ) .  T h is  c o u ld  be due
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t o  p rob lem s o f  p e n e t r a t i o n  a n d / o r  m e ta b o l ism  b e f o r e  t h e  compound re a c h e s  

i t s  s i t e  o f  a c t i o n  b u t  m igh t  a l s o  s u g g e s t  t h a t  p h y to h o rm o n e s ,  w h i le  

n e c e s s a r y  f o r  p l a n t  grow th and d e v e lo p m en t ,  a r e  n o t  u s u a l l y  p r e s e n t  i n  

l i m i t i n g  am o u n ts .

T ab le  2 shows t h a t  a  l a r g e  v a r i e t y  o f  p h y s i o l o g i c a l  e v e n ts  a p p e a r  

t o  be  c o n t r o l l e d  by  t h e  f i v e  known g ro u p s  o f  p h y to h o rm o n e s .  I n d i v i d u a l  

compounds a l l  i n f l u e n c e  a t  l e a s t  one o f  t h e  fu n d am e n ta l  p r o c e s s e s  o f  c e l l  

d i v i s i o n ,  growth and d i f f e r e n t i a t i o n ;  lAA a p p e a rs  to  e f f e c t  a l l  t h r e e .  

Phytohorm ones a l s o  have a  w ide v a r i e t y  o f  s p e c i f i c  e f f e c t s  i n  d i f f e r e n t  

t i s s u e s  a t  v a r i o u s  s t a g e s  o f  t h e  p l a n t s '  d e v e lo p m en t ,  w i th  each  p r o c e s s  

u s u a l l y  b e in g  a f f e c t e d  by  a t  l e a s t  two s u b s t a n c e s .  I t  i s  d i f f i c u l t  t o  

e n v is a g e  how s im p le  changes  i n  t h e  l e v e l s  o f  t h e s e  f i v e  g roups o f  

compounds a lo n e  can s u p p ly  enough i n f o r m a t io n  t o  r e g u l a t e  su ch  a w ide  

v a r i e t y  o f  grow th and d e v e lo p m e n ta l  phenomena. The p ro b le m  m igh t be 

p a r t l y  s o lv e d  i f  i t  c o u ld  be  shown t h a t  a  u n iq u e  c o m b in a t io n  o f  s u b s ta n c e s  

was r e q u i r e d  f o r  a  s p e c i f i c  p r o c e s s .  Osborne (1978) s u g g e s t e d  t h a t  t h e  

v a r i e t y  o f  r e s p o n s e s  m ig h t  be  a t t r i b u t a b l e  to  t h e r e  b e in g  more t h a n  one 

c l a s s  o f  t a r g e t  c e l l  on w hich a p l a n t  grow th s u b s ta n c e  m igh t  a c t ,  w i th  

d i f f e r e n t  r e s u l t s .

In  a d d i t i o n ,  t h e r e  a r e  s e v e r a l  s i t u a t i o n s  i n  w hich  t h e  e x i s t e n c e  o f  

a  t r a n s p o r t e d  m essage i s  i m p l i e d  w hich  ca n n o t  b e  e x p la i n e d  i n  te rm s  o f  t h e  

known ph y to h o rm o n es .  F o r  exam p le ,  i n  many p l a n t s  w here  f lo w e r i n g  i s  

c o n t r o l l e d  by  p h o t o p e r i o d ,  i t  can  b e  shown ( se e  Z e e v a a r t ,  19 76) t h a t  

d a y le n g th  i s  d e t e c t e d  by t h e  m a tu re  l e a v e s  a l th o u g h  t h e  r e s p o n d in g  t i s s u e  

i s  t h e  apex . G r a f t i n g  e x p e r im e n ts  i m p l i c a t e  t h e  e x i s t e n c e  o f  a  t r a n s ­

l o c a t e d  s i g n a l ,  how ever a l l  a t t e m p t s  t o  i s o l a t e  " f l o r i g e n "  have  f a i l e d .

The n a t u r e  o f  t h e  i n h i b i t o r  r e s p o n s i b l e  f o r  p r e v e n t i n g  t h e  o u tg ro w th  o f  

l a t e r a l  buds^ i n  t h e  p r e s e n c e  o f  an i n t a c t  apex^rem ains  u n s o lv e d .

S im i la r ly ^  t h e  i d e n t i t i e s  o f  " s e n e s c e n c e  f a c t o r "  and t h e  d o rm a n c y - in d u c in g  

s t i m u lu s  a r e  unknown.

In  t h e  c a s e  o f  t h e  f l o w e r i n g  s t i m u lu s  t h e r e  i s  a  n e e d  f o r  genes t o  be
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a c t i v a t e d  and d e a c t i v a t e d ,  i n  o r d e r  “t o  e f f e c t  t h e  fu n d am e n ta l  changes 

t a k i n g  p l a c e  when a  p l a n t  i s  c o n v e r t e d  from  t h e  v e g e t a t i v e  t o  t h e  

r e p r o d u c t i v e  p h a s e .  T here  i s  e v id e n c e  t h a t  s t e r o i d  hormones i n  an im a ls  

have  t h i s  p r o p e r t y  ( e . g .  O’M alley  e t  a l . ,  1977) b u t  t h e  a l t e r a t i o n  o f  

gene a c t i v i t y  i s  n o t  t h o u g h t  t o  be t h e  i n i t i a l  r e s p o n s e  t o  p l a n t  growth 

s u b s t a n c e s .  At l e a s t  some e f f e c t s  o f  phy tohorm ones a r e  much to o  r a p i d  

t o  i n v o lv e  t h e  m e d ia t io n  o f  g e n e - a c t i v a t e d  p r o t e i n  s y n t h e s i s .  F o r  

exam ple , lAA can a l t e r  t h e  r a t e  o f  c o l e o p t i l e  e l o n g a t i o n  w i t h i n  15 min 

(Ray and  R u e s in k ,  1 9 6 2 ) .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  o t h e r  s u b s ta n c e s  

have y e t  t o  be d i s c o v e r e d .

In  c o n c lu s i o n ,  t h e  e x a c t  r ô l e  o f  phy tohorm ones re m a in s  u n c l e a r .  I t  

h a s  been  shown t h a t  t h e s e  compounds have  many e f f e c t s  when a p p l i e d  t o  

p l a n t  t i s s u e s .  The l e v e l s  a t  w hich grow th  s u b s ta n c e s  a r e  p r e s e n t  i n  

i n t a c t  p l a n t s  a r e  a l s o  i m p o r t a n t  i n  c e r t a i n  s i t u a t i o n s .  There  a r e  s e v e r a l  

exam ples o f  d i s e a s e  symptoms b e in g  c a u se d  by e x c e s s i v e  hormone p r o d u c t i o n  

by, o r  i n  r e s p o n s e  t o ,  a  p a t h o g e n i c  o rg a n is m .  The " f o o l i s h  s e e d l i n g "  

d i s e a s e  o f  r i c e  i s  c a u se d  by t h e  s y n t h e s i s  o f  l a r g e  q u a n t i t i e s  o f  t h e  

g i b b e r e l l i n  GA  ̂ by  t h e  fungus F u sa r iu m  m o n i l i fo rm e  (Cross e t  a l . ,  1 9 6 1 ) .  

Dwarfism  i n  c e r t a i n  v a r i e t i e s  o f  Zea i s  b e l i e v e d  t o  be a  r e s u l t  o f  

i n a d e q u a t e  g i b b e r e l l i n  p r o d u c t i o n  (P h in n e y ,  1960) .  N e v e r t h e l e s s ,  i t  i s  

by no means c l e a r  w h e th e r  changes  i n  t h e  l e v e l s  o f  p l a n t  grow th s u b s ta n c e s  

a re  n o r m a l ly  r e s p o n s i b l e  f o r  p h y s i o l o g i c a l  c h a n g e s ,  o r  w h e th e r  t h e  t r a n s ­

l o c a t i o n  o f  a  phytohorm one c o n s t i t u t e s  a  c hem ica l  m essage . A lth o u g h  th e y  

a r e  n e c e s s a r y ,  phy tohorm ones may n o t  n o rm a l ly  be  l i m i t i n g  f a c t o r s  c o n t r o l l i n g  

p l a n t  grow th  and d e v e lopm en t.
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R a t io n a l e  Behind t h e  P r e s e n t  S tu d y  on t h e  M etabo lism  o f  I n d o l e - 5 -  

a c e t i c  A cid

I f  an u n d e r s t a n d in g  o f  t h e  r ô l e  o f  p l a n t  grow th s u b s ta n c e s  i s  t o  be  

a c h ie v e d ,  c e r t a i n  fu n d am e n ta l  q u e s t i o n s  c o n c e rn in g  th e  b i o c h e m is t r y  o f  

t h e s e  compounds m ust be  a n sw e re d ,  v i z . :

1. Where i s  e ach  s u b s ta n c e  s y n t h e s i s e d ?

2 . How a r e  th e y  d i s t r i b u t e d  w i t h i n  t h e  p l a n t  a t  a  c e l l u l a r  and 

i n t r a c e l l u l a r  l e v e l ,  and how does t h i s  d i s t r i b u t i o n  change a t  v a r io u s  

s t a g e s  o f  t h e  p l a n t s ' deve lopm en t?

3. How a r e  t h e  l e v e l s  o f  s u b s t a n c e s  c o n t r o l l e d ?  S e v e r a l  methods 

a r e  p o s s i b l e :

( a j  C o n t r o l  o f  s y n t h e s i s  and c a ta b o l i s m .

(b) R e v e r s i b l e  a c t i v a t i o n  and i n a c t i v a t i o n .

(c) i n t r a -  and i n t e r c e l l u l a r  movement.

4 . What i s  t h e  n a t u r e  o f  t h e  " r e c e p t o r  s i t e s " ?

5 . What a re  t h e  p r im a ry  e f f e c t s  o f  e a ch  s u b s ta n c e ?

For  t h e  p u r p o s e s  o f  t h i s  p r e s e n t  i n v e s t i g a t i o n ,  one o f  t h e s e  a s p e c t s  was 

c h o se n .  The m e t a b o l i s m .o f  i n d o l e - 3 - a c e t i c  a c id  i n  t h e  r o o t  and c o l e o p t i l e  

t i s s u e s  o f  da rk -g row n  Zea mays s e e d l i n g s  was s t u d i e d .  The r a t e s  o f  

c a t a b o l i s m  and c o n ju g a t io n  o f  lAA may i n f l u e n c e  th e  l e v e l s  p r e s e n t  i n  t h e  

t i s s u e .  I t  i s  a l s o  p o s s i b l e  t h a t  lAA m e ta b o lism  m igh t b e ' d i r e c t l y  l i n k e d  

i n  some way t o  i t s  p h y s i o l o g i c a l  a c t i v i t y .  R e se a rc h  on t h e  e f f e c t s ,  

t r a n s p o r t  and b i n d in g  o f  lAA has o f t e n  assumed t h a t  m e ta b o l is m  o f  th e  

a p p l i e d  lAA d u r in g  t h e  c o u rs e  o f  t h e  e x p e r im e n t  i s  n e g l i g i b l e  [ e . g .  B a t r a  

e t  a l . ,  1975; Moloney and P i l e t ,  1981) a l th o u g h  a d e q u a te  e v id e n c e  t o  • 

s u p p o r t  t h i s  c o n t e n t i o n  i s  r a r e l y  p r o v i d e d .  A d e t a i l e d  i n v e s t i g a t i o n  o f  

th e  e x t e n t  t o  w hich exogenous lAA i s  m e t a b o l i s e d  i s  t h e r e f o r e  e s s e n t i a l .
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The P l a n t  System

Zea mays s e e d l i n g s  h av e  b e e n  u s e d  e x t e n s i v e l y  fo r.  r e s e a r c h  on th e  

m e ta b o l is m ,  t r a n s p o r t ,  r e c e p t o r  s i t e s  a n d ' e f f e c t s  o f  lAA ( e . g .  R e inecke  

and B a n d u r s k i ,  1981; W ilk in s  and  S c o t t ,  1968; Moloney and P i l e t ,  1981;

Shaw e t  a l . ,  1973 ) .  Zea i s  t h e  t h i r d  m ost im p o r ta n t  c e r e a l  c rop  i n  t h e

w o r ld ,  w i t h  an a n n u a l  p r o d u c t i o n  o f  3 6 2 ,9 7 1 ,0 0 0  to n n e s  i n  1978 (E n c y c lo p e d ia  

B r i t a n n i c a  1980 Y ea r  B ook ) . C o m m erc ia l ly  a v a i l a b l e  v a r i e t i e s  have  th e  

a d v a n ta g e  o f  r a p i d  and even  g e r m i n a t io n ,  r e a c h in g  a  s i z e  s u i t a b l e  f o r  

e x p e r i m e n t a t i o n  w i t h i n  t h r e e  t o  f i v e  d a y s .  Both t h e  c o l e o p t i l e  and  t h e  

p r im a ry  r o o t  a r e  u n u s u a l l y  l a r g e  i n  d i a m e te r  when compared w i th  o t h e r  

c e r e a l  s p e c i e s .  When grown i n  t h e  d a rk ^ th e  la c k  o f  c h l o r o p l a s t i c  

c o m p o n e n ts ,an d  p r o d u c t s  o f  p h o t o s y n t h e s i s , r e d u c e s  t h e  c o m p le x i ty  o f  

e x t r a c t s .  W hile lAA c a u se s  s u b s t a n t i a l  s t i m u l a t i o n  o f  c o l e o p t i l e  g ro w th ,  

s i m i l a r  amounts i n h i b i t  r o o t  grow th  ( e . g .  P i l e t ,  197 6 ) .  Thus t h e  p r o j e c t  

a l lo w s  a c o m p a r iso n  o f  lAA m e ta b o l is m  i n  o rg an s  w i th  d i f f e r e n t  r e s p o n s e s  

t o  t h e  phy tohorm one . As Zea mays r o o t s  can e a s i l y  b e  d i v i d e d  i n t o  c o r t e x  

and s t e l e  (Greenwood e t  a l . , 1973) t h e  m e ta b o lism  o f  lAA by t h e s e  t i s s u e s  

c o u ld  a l s o  be com pared.

lAA in  Zea mays S e e d l in g s

The main s o u rc e  o f  lAA i n  young Zea mays s e e d l i n g s  a p p e a r s  t o  be t h e  

endosperm . B andursk i  and co -w o rk e rs  have  shown t h a t  t h i s  t i s s u e  c o n t a i n s  

l a r g e  q u a n t i t i e s  o f  lAA, most o f  w h ich  i s  e s t e r i f i e d  t o  e i t h e r  myo- i n o s i t o l  

o r  h ig h  m o l e c u l a r  w e ig h t  g lu c a n s  QJeda e t  a l . ,  1970; P i s k o m i k  and 

B a n d u rsk i ,  197 2; B a n d u rsk i  and S c h u lz e ,  1977) .  They h a v e  f u r t h e r  

d e m o n s t ra te d  t h a t  a  s u f f i c i e n t  q u a n t i t y  o f  lAA-myo- i n o s i t o l  i s  e x p o r t e d  

t o  t h e  sh o o t  where i t  can  be h y d r o ly s e d  t o  s u p p ly  t h e  c o l e o p t i l e  w i th  i t s  

f u l l  r e q u i r e m e n t  f o r  lAA (Nowacki and B a n d u rsk i ,  1980). IAA-myo- i n o s i t o l

i s  a l s o  t r a n s p o r t e d  t o  t h e  r o o t  ( E p s te in  e C _ , 1980 ) .  On t h e  o t h e r  hand , 

t h e r e  i s  some e v id e n c e  t h a t  t h e  r o o t  may be  a b l e  t o  s y n t h e s i s e  lAA ( E l l i o t t ,
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1977; Feldm an, 198 0 ) .

The movement o f  lAA i n  Zea mays r o o t s ,  as i n  many o t h e r  p l a n t s ,  i s  

p r e d o m in a n t ly  a c r o p e t a l  ( e .g .  S c o t t  and  W i lk in s ,  1968; Shaw and W ilk in s ,  

1 974 ) .  The m a j o r i t y  o f  lAA i n  t h e  r o o t  i s  found  i n  t h e  s t e l e ,  w h ich  a l s o  

shows more e f f i c i e n t  t r a n s p o r t  o f  lAA (Bowen ej^ a ^ . , 1 9 7 2 ) .  ■ Q u a n t i t i e s  

o f  lAA m easu red  u s in g  mass s p e c t r o m e t r y  i n  t h e  v a r i e t y  G ia n t  White H o rs e to o th  

w ere  as  fo l lo w s  (B r idges  a l . ,  1973 ) :

s t e l e  53.3 pg lAA/Kg f r e s h  w e igh t

c o r t e x  4 .8  ug lAA/Kg f r e s h  w e ig h t

r o o t  t i p  2 9 .0  pg lAA/Kg f r e s h  w e ig h t

P i l e t  and E l l i o t t  (1981) h a v e ,  ho w ev er ,  w arned  t h a t  q u a n t i t i e s  o f  lAA

m ight v a ry  s u b s t a n t i a l l y  betw een v a r i e t i e s .

In  Zea mays s h o o t s ,  t h e  t r a n s p o r t  o f  lAA i s  p o l a r i s e d  i n  a  b a s i p e t a l  

d i r e c t i o n  ( H e r te l  and L eo p o ld ,  1 9 6 3 ) .  The q u a n t i t y  o f  lAA p r e s e n t  i n  

c o l e o p t i l e s  from  t h e  v a r i e t y  A njou  21 was m easured  as 10 pmol ./2 .5 mm t i p  

by I f e i l e r  e t  a l . (1981) u s in g  a  rad io im m u n o assay .

lAA has been  shown on many o c c a s io n s  t o  c a u se  s u b s t a n t i a l  s t i m u l a t i o n  o f

c o l e o p t i l e  e lo n g a t io n  ( e . g .  Thimann, 1969 ) .  I t s  e f f e c t  on r o o t  g row th

”2 -3i s ,  how ever, l e s s  c l e a r .  Exogenous lAA c o n c e n t r a t i o n s  o f  a ro u n d  10 mol m 

w h ich  p r o d u c e  maximum g row th  r a t e s  i n  m e s o c o ty l  and c o l e o p t i l e  s e g m m ts  

i n h i b i t  t h e  g row th  o f  r o o t  s e c t i o n s  ( e . g .  B a t r a  e ^  ad_ , 1975; Greenwood 

and Y eas ,  1 9 7 5 ) .  W hile some w orkers  h av e  found no e v id e n c e  o f  I AA -induced

p ro m o t io n  o f  r o o t  g row th  ( e . g .  Greenwood and Y eas ,  1975) o t h e r s  c la im  t o

have  o b se rv e d  a s m a l l  and o f t e n  t r a n s i e n t  s t i m u l a t i o n  a t  v e r y  low c o n c e n -

-4  -3 -7 -3t r a t i o n s  o f  be tw een  10 mol m and 10  mol m ( e . g .  B a t ra  ei^ a ^ . , 1975;

Edwards and S c o t t ,  1977; E l l i o t t ,  1977; Evans e t  a l . ,  1980 ) .  P i l e t  and

c o -w o rk e rs  ( P i l e t  e ^  aJ^., 1979; P i l e t  and  E l l i o t t ,  1981) p r e s e n t e d

e v id e n c e  t h a t  r o o t  se g m e n ts ,  d e p l e t e d  o f  lAA by  d i f f u s i n g  o n to  a g a r  f o r

p e r i o d s  o f  up t o  8h , w i l l  show s i g n i f i c a n t  lA A -in d u ce d  g ro w th  p r o m o t io n .

They s u g g e s t e d  t h a t  i n  t h e  i n t a c t  p l a n t  t h e  r o o t s  have a s a t u r a t i n g  l e v e l

o f  lAA.
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I t  has been  shown (R a y le  & G l e l a n d , ,  1970) t h a t  low  pH can  s t i m u l a t e  

s h o o t  g ro w th  i n  a  s i m i l a r  m anner t o  lAA. T h is  l e d  M arrê  and c o -w o rk e r s  (1974) 

t o  p u t  f o rw a rd  t h e  " a c i d - g r o w t h " t h e o r y ,  i n  w hich th e y  s u g g e s t e d  t h a t  lAA 

s t i m u l a t e s  g ro w th  by c a u s i n g  p r o t o n s  t o  be  pumped o u t  o f  t h e  c e l l  i n t o  

t h e  w a l l ,  w here  th e  lo w e re d  pH c a u s e s  w a l l - l o o s e n i n g .  In  s u p p o r t  o f  t h i s  

hypothesis was the observation that fusicoccin , a fungal toxin, could 

s t i m u l a t e  s h o o t  g ro w th  by  s u c h  a p ro to n -p u m p  mechanism  ( e . g .  Lado e t  a l . ,

1 9 7 3 ) .  Edwards and S c o t t  (1974) and  more r e c e n t l y  Moloney et_ a ^  (1981) 

showed t h a t  t h e  g ro w th  o f  r o o t s  c o u ld  a l s o  b e  s t i m u l a t e d  ty  low pH.

F u r th e r m o r e ,  f u s i c o c c i n  can c a u s e  p r o t o n  e x t r u s i o n  i n  r o o t s  and t h e r e b y  

p rom o te  e l o n g a t i o n  (Lado ej^ a ^ . , 1 9 7 6 ) .  P i l e t  (1 9 7 6 ) ,  h o w e v e r ,  has 

p o i n t e d  o u t  t h a t  f u s i c o c c i n  and  lAA c a n n o t  b e  a c t i n g  by a  common m echanism  

i n  t h e  r o o t ,  as t h e  optimum c o n c e n t r a t i o n  o f  f u s i c o c c i n  f o r  g ro w th

p r o m o t io n  was 10  ^mol m w i t h  s t i m u l a t i o n  a l s o  found  a t  10 1 0 **̂  and

-1 -3 ■ '10 mol m . lAA a t  any o f  t h e s e  c o n c e n t r a t i o n s  p ro d u c e d  g ro w th  i n h i b i t i o n .

B a t r a ,  Edwards and S c o t t  (197 5) u se d  a  d i f f e r e n t  a p p ro a c h  t o

i n v e s t i g a t e  t h e  r e l a t i o n s h i p  be tw een  a c i d  g ro w th  and t h e  e f f e c t  o f  lAA

on r o o t  e l o n g a t i o n .  They s t u d i e d  t h e  e f f e c t  on g ro w th ,  o f  lAA i n  b u f f e r e d

—4 —3a g a r  o f  v a r y i n g  pH. An lAA c o n c e n t r a t i o n  o f  10 mol m" c a u s e d  g ro w th  

i n h i b i t i o n  a t  pH 4 w h i le  p r o m o t in g  e x t e n s i o n  a t  pH 7 .  I n  a  l a t e r  p a p e r ,  

Edwards and S c o t t  (1977) fo u n d  t h a t  10 ^mol m ^ lAA would  p rom o te  g ro w th  

o n ly  i n  a  b u f f e r e d  s o l u t i o n  a t  pH 7 and n o t  i n  an u n b u f f e r e d  s o l u t i o n  a t  

t h e  same pH. The a u th o r s  s u g g e s t e d  t h a t  t h e i r  o b s e r v a t i o n s  m ig h t  be 

e x p la in e d  i n  te rm s  o f  pH e f f e c t s  o n  lAA t r a n s p o r t  as  t h e y  a r e  n o t  e a s i l y  

c o m p a t ib l e  w i t h  t h e  a c id - g r o w th  t h e o r y .  The r e s u l t s  a r e  a l s o  c o m p l ic a t e d  

by  t h e  i n f l u e n c e  o f  t h e  b u f f e r i n g  s u b s t a n c e  i t s e l f  on g ro w th  (Edwards 

and S c o t t ,  197 6; Gabel l a  and P i l e t ,  197 8 ) .  Thus u n d e r  most e x p e r im e n ta l  

c o n d i t i o n s ,  lAA a p p e a rs  t o  i n h i b i t  r o o t  g ro w th .  E v id e n c e  f o r  g row th  

p ro m o t io n  i s  i n c o n c l u s i v e ,  b u t  t h e  a c id - g r o w th  t h e o r y  i s  n o t  t h o u g h t  t o  

a p p ly .  Evans and c o -w o rk e r s  (Evans and Mu 1 key, 1980; Evans aJ^ , 1980) 

h a v e  r e c e n t l y  p r e s e n t e d  e v id e n c e  t h a t  lAA may i n h i b i t  r o o t  g ro w th  by
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c a u s in g  p r o t o n s  t o  be pumped i n t o  t h e  c e l l s ,  i n  t h e  r e v e r s e  d i r e c t i o n  to  

s h o o t s ,  th e r e b y  r a i s i n g  t h e  w a l l  pH. Such a change i n  pH was m easured  

i n  t h e  b a th in g  s o l u t i o n  s u r r o u n d i n g  m aize  r o o t  segm ents  i n c u b a t e d  i n  

2 X 10 ^mol m ^ lA A . The s t a r t  o f  t h e  pH change  a lm o s t  c o in c id e d  w i th  

t h e  t im e  a t  w hich t h e  g row th  r a t e  began  t o  f a l l  r a p i d l y .

On t h e  o t h e r  hand , t h e  e f f e c t  o f  exogenous lAA may n o t  be  a r e l i a b l e  

i n d i c a t i o n  o f  t h e  r ô le '  o f  t h e  endogenous ^compound. The u s e  o f  segm ents

n e c e s s a r i l y  i n v o l v e s  t h e  p r e s e n c e  o f  c u t  s u r f a c e s .  Both  w ounding , and

t h e  a p p l i c a t i o n  o f  a u x in  can in d u c e  e t h y l e n e  p r o d u c t io n  ( e .g .  Burg, 1962; 

A b e le s ,  1 9 6 6 ) .  Chadwick and Burg (1967) and more r e c e n t l y  Mulkey e t  a l .

(1981) have s u g g e s t e d  t h a t  t h e  i n h i b i t i o n  c a u se d  b y  exogenous lAA i s  due 

t o  t h i s  s t i m u l a t i o n  o f  e th y l e n e  b i o s y n t h e s i s .

In  c o n c lu s i o n ,  t h e  e x i s t e n c e ,  o r i g i n  and t r a n s p o r t  o f  lAA i n  Zea mays 

s e e d l i n g s  a r e  w e l l  e s t a b l i s h e d ,  as i s  t h e  e f f e c t  o f  t h e  exogenous compound 

on t h e  grow th  o f  t h e  c o l e o p t i l e  and m e s o c o ty l .  However, much w o rk  i s  

n ee d ed  b e fo re  i t s  r ô l e  i n  t h e  c o n t r o l  o f  r o o t  e lo n g a t io n  i s  u n d e r s to o d .

M etab o lism  o f  lAA

The im p o r ta n c e  o f  lAA m e ta b o l i s m  was r e a l i s e d  as e a r l y  as t h e  1950s 

when Kamerbeek (1956) and G als  to n  (1957) h y p o th e s i s e d  t h a t  t h e r e  m ig h t  be  

a  c a u s a l  r e l a t i o n s h i p  be tw een  d w a r f ism ,  endogenous l e v e l s  o f  lAA, and t h e  

a c t i v i t y  o f  lA A -o x id is in g  enzymes. Since t h e n  d w a r f i s m  has  b e e n  fo u n d  

t o  be more r e a d i l y  e x p la i n e d  by o t h e r  m eans, su c h  as  g i b b e r  e l  l i n  c o n te n t  

o r  s e n s i t i v i t y  t o  p l a n t  g row th  s u b s t a n c e s  ( se e  J o n e s ,  197 3 ) .  I n t e r e s t  

i n  lAA m e ta b o l is m  as a  p o s s i b l e  means, o f  r e g u l a t i n g  t h e  l e v e l s  o f  t h i s  

phy toho rm one  has r e m a in e d ,  how ever ,  and much r e s e a r c h  has been c a r r i e d  o u t  

on t h i s  t o p i c .

T h re e  main ap p ro a c h e s  have  b e e n  u s e d  i n  t h e  s tu d y  o f  lAA m e ta b o lism :

1) The p a r t i a l  c h a r a c t e r i s a t i o n  o f  enzyme p r e p a r a t i o n s  c a p a b le  o f  o x i d i s i n g  

lAA, and i d e n t i f i c a t i o n  o f  t h e  r e a c t i o n  p r o d u c t s .
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2 )  T he  a p p l i c a t i o n  o f  lAA, u s u a l l y  l a b e l l e d  w i t h  o r  ^H t o  p l a n t  

t i s s u e s ,  f o l lo w e d  by t h e  e x t r a c t i o n  and a n a l y s i s  o f  i t s  m e t a b o l i t e s .

3 )  The e x t r a c t i o n ,  and i d e n t i f i c a t i o n  w i t h  v a r y in g  d e g r e e s  o f  c e r t a i n t y ,  

o f  endogenous i n d o l i c  compounds.

The s u b s ta n c e s  fou n d  as a  r e s u l t  o f  t h e s e  l i n e s  o f  i n v e s t i g a t i o n  a re  

l i s t e d  i n  T a b le  3 and t h e i r  c h e m ica l  s t r u c t u r e s  shown i n  F i g .  1 .  T a b le  4 

compares t h e  d e t e c t i o n  l i m i t s ,  s p e c i f i c i t y  and i n f o r m a t io n  c o n te n t  o f  t h e  

v a r i o u s  t e c h n i q u e s  u sed  t o  i d e n t i f y  lAA and i t s  m e t a b o l i t e s .  A cco rd in g  

t o  Reeve and C r o z i e r  (19^0) t h e  c o n c lu s i v e  i d e n t i f i c a t i o n  o f  an unknown 

component o f  a  coup 1 ex p l a n t  e x t r a c t  r e q u i r e s  e i t h e r  a  minimum o f  14 0 b i t s  

o f  i n f o r m a t i o n , o r  a  d e m o n s t r a t io n  t h a t  t h e  s p e c i f i c i t y  o f  t h e  d e t e c t o r  i s  

a d e q u a te ,  u s i n g  t h e  s u c c e s s i v e  a p p ro x im a t io n  m ethod. A com parison  o f  

T a b le s  3 and 4 i n d i c a t e s  t h a t  i n  many c a s e s  i d e n t i f i c a t i o n  o f  compounds 

has no t  been s u f f i c i e n t l y  r i g o r o u s .

P r o d u c ts  fo rm e d 'b y  lA A -o x id a s e  p r e p a r a t i o n s  f a l l  i n t o  two g ro u p s :

3-met h y le n e  o x i n d o l e  and r e l a t e d  compounds, and i n d o l e - 3 - a l d e h y d e .  I n  

b o th  c a s e s  t h e  r e a c t i o n  in v o lv e s  d e c a r b o x y l a t i o n  w i t h  l o s s  o f  c a r b o n -1  

o f  t h e  s i d e  c h a in  as CO2 . V a r io u s  pa thw ays  l e a d i n g  t o  t h e s e  compounds 

h a v e  been p ro p o se d  ( e .g .  Hinman and Lang, 1965; BdSÜll e r  and C o l i l l a ,

1972; R ic a rd  and J o b ,  1974; Suzuki and Kawarada, 1978) .  F ig .  2 shows 

a s i m p l i f i e d  scheme from Sembdner e t  a l .  (1980). The same enzyme can 

p r o d u c e  e i t h e r  3 - m ^ h y l e n e  o x i n d o l e  o r  i n d o l e - 3 - a l dehyde ;  R ic a r d  and Jo b  

(1974) d e m o n s t r a t e d  t h a t  t h e  p r o p o r t i o n s  o f  t h e s e  two s u b s ta n c e s  v a r i e d  

w i t h  t h e  r e l a t i v e  amounts o f  enzyme and s u b s t r a t e ,  and w i t h  t h e  pH o f  t h e  

medium.

In v iv o  s t u d i e s  o f  lAA m e ta b o l is m  g iv e  a c o m p le te ly  d i f f e r e n t  p i c t u r e ,  

how ever. The most common and a b u n d a n t  m e t a b o l i t e s  a p p e a r  to  b e  lAA 

c o n ju g a t e s  w i t h  amino a c i d s ,  s u g a r s  o r  myo- i n o s i t o l  ( e .g .  Reung eb a l . ,  

1976; Fbpcewicz et a l . , 1 9 7 4 ) .  R e p o r ts  o f  d e c a r b o x y l a t i o n  p r o d u c t s  

s u c h  as 3 - m e tb y le n e o x in d o le  o r  i n d o l  e -3 - a ld e h y d e  have  u s u a l l y  b een  based  

on somewhat i n a d e q u a te  c h ro m a to g ra p h ic  and c o l o r i m e t r i c  i d e n t i f i c a t i o n s .
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Table 3; lAA M etab olites

a . P r o d u c ts  o f  In  V i t r o  lAA M etab o lism

Compound Enzyme S e l e c t e d
R e fe re n c e

Method o f  
I d e n t i f i c a t i o n

3 -m e th y le n e -
o x in d o le

H o r s e r a d i s h
p e r o x i d a s e

Hinman and Lang (1965) l b ,  6

Zea mays lAA- 
o x id a s e

B e M i l l e r  and C o l i l l a  (1972) l a ,  6

Wheat
p e r o x i d a s e Zmrhal and Mackâîîkovâ (1978) l a ,  6

T u rn ip  p e r o x i d a s e s  
P^ and Py

R ic a r d  and Job  (1974) 6

3 -hydroxym ethy  I - 
o x in d o le

H o r s e r a d i s h
p e r o x i d a s e

Suzuk i and Kawarada (1978) 6 , 7 ,  8

Zea mays lAA- 
o x id a s e

B e M i l l e r  and C o l i l l a  (1972) l a ,  6

i n d o l e - 3 -a ld e h y d e H o r s e r a d i s h
p e r o x i d a s e

R ic a rd  and Job  (19 74) 6

T u rn ip  p e r o x i d a s e s  
P^ and Py

R i c a r d  and Job (1974) 6

Zea mays lAA- 
o x id a s e

B e M i l l e r  and C o l i l l a  (1972) l a

i n d o l e -3 -m e th a n o l Wheat p e r o x i d a s e

h

Zea mays lAA- 
o x id a s e

Zmrhal and  Mackâckovâ (1978) l a ,  6

3 , 3 '  d i i n d o l y l -  
m ethane

B e M i l l e r  and C o l i l l a  (1972) l a ,  5 ,  7

H o r s e r a d i s h
p e r o x i d a s e

S uzuki and Kawarada (1978) 6 , 7, 8

3 - a c e to x y in d o I e H o r s e r a d i s h
p e r o x i d a s e

S uzuk i and Kawarada (19 78) 6 , 7, 8

3—( in d o I  — 3—y 1 — 
m e t h y l ) o x in d o le

3 [ (2 ^ - in d o l -3 -y lm e th y l )  
i n d o l - 3 - y l m e t h y l ] o x in d o le

3 -h y d ro x y m eth y 1- 3 ( i n d o 1- 
3 - y lm e th y l )  o x in d o le

3 - h y d ro x y m e th y l -3 -  [ ( 2 - i n d o l -  
3 - y l m e t h y l ) i n d o l - 3 - y l m e t h y l ] o x i n d o l e

2 - ( i n d o l - 3 - y l m e t h y l ) i n d o I y l - 3 - a c e t i c a c i d
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b .  P r o d u c ts  o f  t h e  In  Vivo M e ta b o l ism  o f  Exogenous lAA

Compound T is s u e S p e c ie s S e l e c t e d
R e fe re n c e

Method o f  
I d e n t i f i c a t i o n

In d o 1 - 3 " a c e t y l  
a s p a r t a t e

crown g a l l  t i s s u e P a r t h e n o c i s s u s  
t r i c u s p i d a t a

Feung e t  a l .  
(1976)

I c ,  3 ,  7

s h o o t  b a rk P in  us p i n e  a R iov  and 
G o t t l i e b  
(1980)

8 , 9

s tem  s e c t i o n s Pisum  s a t iv u m Andreae and 
Good (1955)

2 a ,  3, 6

c a l l u s C i t r u s  s i n e n s i s E p s t e i n  e t  a l .  
(19 77)

I c

s tem  segm ents P h a s e o lu s
v u l g a r i s

D avies  (1972) I c ,  4

le a v e s S c r o p h u l a r i a
a r g u t a

M ig in ia c  e t  a l .  
(1978)

Ic

l e a v e s O lea  e u ro p a E p s t e i n  and 
Lavee (1977b)

2 c

I n d o l e - 3 - a c e t y l  
g ly c in e

crown g a l l  c a l l u s  
t i s s u e

P a r t h e n o c i s s u s  
t r i c u s p i d a t a

Feung e t  a l .  
(1976)

I c ,  3 ,  7

I n d o l e - 3 - a c e t y l  
a l a n i n e

I n d o l e - 3 - a c e t y l
v a l i n e

I n d o l e - 3 - a c e t y l  
g lu ta m a te I c ,  3

I n d o l e - 3 - a c e t y l  
g lu c o s e

n e e d le s P in u s  p i n e a Riov and 
G o t t l i e b  
(1980)

I c ,  8

e p i c o t y l s Pisum  s a t iv u m Zenk (1961) 2a , 2 c , 3 , 5 , 6

c a ry o p s e s Zea mays Kopcewicz 
e ^  ad .  (19 74)

l a , l c , 3 , 5

whole  p l a n t s Orobanche
ram osa

Magnus e t  a l .  
(1982)

l a ,  3

In d o l e - 3 - a c e t y l  
m y o - i n o s i t o l

c a ry o p s e s Zea mays Kopcewicz 
e t  a l . (19 74) l a , l c , 3 , 5

I n d o l e - 3 - a ld e h y d e stem  s e c t i o n s Pisum  s a t iv u m Magnus e t  a l .  
( I9 7 I )

l a

l e a v e s O lea  e u ro p a E p s t e i n  and 
Lavee (19 77b) 2 c ,  4

l e a v e s S c r o p h u l a r i a
a r g u t a

M ig in ia c  e t  
a a .  (1978)

Ic

i n f l o r e s c e n c e Orobanche l u t e  a Magnus e t  a l . 
(1982)

l a ,  6 , 8

whole p l a n t s OrobanchP ram osa  Magnus e t  a l .
(1982)

l a ,  6 , 8
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Compound T is s u e S p e c ie s S e l e c t e d
R e fe re n c e

Method o f  
I d e n t i f i c a t i o n

I n d o l e - 3 - c a r b o -  
x y l i c  a c i d

s te m  s e c t i o n s P isum  s a t iv u m Magnus e t  a l . 
(1971)

l a ,  5

l e a v e s O le a  e u ro p a E p s t e i n  and 
Lavee (1977b)

2 c ,  4

whole  p l a n t s Orobanche
ram osa

Magnus e t  a l .  
(1982)

l a ,  6 , 8

I n d o l e - 3 -  
m ethano l

s te m  s e c t i o n s Pisum  s a t iv u m Magnus e t  a l .  
(1971)

l a ,  5

i n f l o r e s c e n c e O robanche l u t e a  Magnus e t  a l .
(1982)

l a ,  5

3 -M ethy lene -  
o x in d o le

c a l l u s a p p le E p s t e i n  e t  a l ,  
(1975) 2a , 2b , 2c , 5

c o l e o p t i l e s Avena s a t i v a M enschick and 
Hi Id  (1976)

Ic

c a l l u s O lea  e u ro p a Lavee and 
E p s t e i n  (1976)

2 c ,  4

3 -  Hy droxym ethy1“ 
o x in d o le

e t i o l a t e d
s e e d l i n g s

Pisum  s a t iv u m T u l i  and
Moyed (1967)

I b ,  I d ,  6 , 5

s tem  segm ents Pisum  s a t iv u m D av ies  (1972) I c ,  4

s tem  segm en ts P h a s e o lu s
v u l g a r i s

D av ie s  (1972) I c ,  4

c a l l u s a p p le E p s t e i n  e t  a l .  
(19 75)

2 a , 2b , 2c , 4

c a l l u s O lea  e u ro p a Lavee and  
E p s t e i n  (1976)

2 c ,  4

3 -M e th y l - i n c u b a t i n g  s o l u t i o n P a r t h e n o c i s s u s H am ilton  e t  a l . I c
o x in d o le s u r r o u n d in g  c a l l u s t r i c u s p i d a t a (1976)

O x in d o le - 3 -  
a c e t i c  a c id

endosperm Zea mays R e inecke  and 
B a n d u rs k i  
(1981)

I c , 7 , 9 , 1 0
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c . Endogenous Compounds which may be lAA M etab o lites

Compound T is s u e S p e c ie s R e fe re n c e Method o f  
I d e n t i f i c a t i o n

I n d o l e - 3 - a c e t y l
a s p a r t a t e

s e e d l i n g s P h a s e o lu s
v u l g a r i s

T i l l b e r g  (1974) l a ,  3

I n d o l e “3 - a c e t y l  
a s p a r t a t e

s e e d G ly c in e  max Cohen (1981) 7

2 - 0 -  ( i n d o l e - 3 -  
a c e t y I ) - D -  ) 
g lu c o s e

4 -0  — ( i n d o l e —3 — 
a c e t y l ) - D -  ) 
g lu c o s e c a ry o p s e s Zea mays Ehmann (19 74) 7

6 - 0 -  ( i n d o l e - 3 -  
a c e t y l ) - D -  ) 
g lu c o s e

I n d o l e - 3 - a c e t y l  
m y o - i n o s i t o l

c a ry o p s e s  

she  o t s

Zea mays 

Zea mays

Ehmann and 
B an d u rsk i  
(19 74)

7 , l a , 5 ,9

s e e d s O ryza  s a t i v a H a l l  (1980) l a , 5 , 7 , 9

lA A -m y o - in o s i to 1- 
a r a b i n o s i d e s

c a ry o p s e s Zea mays Ueda e t  a l .  
(19 70)

l a ,  7, 9

lA A - m y o - in o s i to l - 
g a l a c t o s i d e s

c a ry o p s e s Zea mays Ueda e t  a l .  
(1970)

l a ,  7, 9

M e th y l ( o x in d o le - 
3 - a c e t a t e )

r i c e  b r a n O ryza  s a t i v a K in a s h i  e t  a l .  
(19 76)

6 , 7, 8

M e th y l ( 3 -H y d rb x y o x in d o le -  
3 - a c e t a t e )

M ethy1 ( 5 -hydroxy-  
o x i n d o l e - 3 - a c e t a t e )

3 , 5 -D ih y d ro x y o x in d o le -  
3- a c e t i c  a c i d

Methy1 ( 3 , 5 - D ih y d ro x y o x in d o 1e -  
3 - a c e t a t e

O x in d o le - 3- 
a c e t a t e

endosperm Zea mays R e in e ck e  and 
B a n d u rs k i  

(1981)

7, 9 ,  10
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d .  Key t o  T e c h n iq u e s  Used i n  t h e  I d e n t i f i c a t i o n  o f  M e t a b o l i t e s

1. C o -c h ro m a to g ra p h y  w i th  s t a n d a r d s  i n  t h i n - l a y e r  s y s t e m ( s ) ; d e t e c t i o n  o f

s p o t s  by , (a)  c o l o u r  r e a c t i o n s

(b) UV a b s o rb a n c e

(c)  r a d i o a c t i v i t y

(d) b i o a s s a y

2. C o -c h ro m a to g ra p h y  w i th  s t a n d a r d s  i n  p a p e r  s y s t e m ( s ) * d e t e c t i o n  o f

s p o t s  by  (a)  c o lo u r  r e a c t i o n s

(b) UV a b s o rb a n c e

(c)  r a d i o a c t i v i t y

(d) b i o a s s a y

3 .  S u s c e p t i b i l i t y  t o ,  and p r o d u c t s  o f  h y d r o l y s i s .

4 .  C om parison  o f  m e ta b o l is m  o f  lAA l a b e l l e d  in  d i f f e r e n t  p o s i t i o n s .

5 .  O th e r  c h e m ic a l  t e s t s .

6 . UV A b s o r p t io n  s p e c t r o s c o p y

7. Mass s p e c t r o m e t r y  ( f u l l  s c a n ) .

8 . NMR s p e c t r o s c o p y .

9 .  C o -c h ro m a to g ra p h y  w i t h  s t a n d a r d s  on gas c h ro m a to g ra p h .

10. C o -c h ro m a to g ra p h y  w i th  s t a n d a r d s  on h ig h -p e r fo r m a n c e  l i q u i d  ch ro m a to g ra p h
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F i g , l ,  C hem ica l  S t r u c t u r e s  o f  P u t a t i v e  lAA M e t a b o l i t e s

( a )  O x i d a t i o n  P r o d u c t s

3 - M e th y le n e o x in d o le

H

CH

N

3 -M e th y lo x in d o le

H
3 -H y d ro x y m e th y lo x in d o le

CHO

I n d o l e - 3 - a l d e h y d e

CH,OH

I n d o le ~ 3 - m e th a n o l

COOH

I n d o l e - 3 - c a r b o x y l l c  a c i d

NJ

H
3 , 3 ’ - d i - i n d o l y l m e t h a n e

N 
H

3 - A c e to x y in d o le

O COCH

1
H

3 - ( I n d o l - 3 - y l m e t h y l ) o x i n d o l e

CHoOH

3 -H y d ro x y m e th y l-3 - (  i n d o l - 3 - y l m e t h y l )  '
o x in d o le
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F i g . l .  ( c o n t* d )  C hem ical S t r u c t u r e s  o f  P u t a t i v e  lAA M e t a b o l i t e s

( a )  O x id a t io n  P r o d u c t s

CH,OH

3“ [ ( 2 " - I n d o l - 3 ” - y l m e t h y l ) l n d o l - 3 - y l -
m ethy lJ  o x in d o le

3 -H y d ro x y m e th y l -3 - [ (2 ” - i n d o l - 3 " -y l-  
m e t h y l ) i n d o l - 3 - y l m e t h y l J o x i n d o l e

CH,COOH

DÛ
H

2 - ( I n d o l - 3 - y l m e t h y l ) i n d o l e - 3 - a c e t i c  a c id

COO Me

M ethyl O x i n d o l e - 3 - a c e t a t e

HO OH
V x ^ C O O M e

COO Me

M ethyl 3 , 5 -D ih y d ro x y o x i n d o l e - 3 - a c e t a t e

OH
COOH

M ethyl 3 - H y d r o x y o x in d o le - 3 - a c e t a t e  3 , 5 - D i h y d r o x y o x i n d o le - 3 - a c e ta t e

COOMe

M ethyl 5 - H y d r o x y o x in d o le - 3 - a c e t a t e



27

F l g . l t  (cont*d) Chemical S tu ctu res  o f P u ta tiv e  lAA M etab o lites

(b )  lAA C o n ju g a te s

N \  / C O O H

I n d o l e - 3 - a c e t y l  A s p a r t a t e

COOH

CH,OH

l - 0 - ( I n d o l e - 3 - a c e t y l ) ~ /  -D -G lucose

2 - 0 - ( I n d o l e - 3 “ a c e t y l ) - m y o - i n o s i t o l
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T a b le  4 : A ssessm en t  o f  Methods Used t o  I d e n t i f y  lAA and i t s  M e ta b o l i t e s

i n  Complex P l a n t  E x t r a c t s  (M o d if ie d  from  Reeve ^ C r o z i e r ,  1 9 80)

T ech n iq u e D e t e c t i o n
L im i t R e fe re n c e S e l e c t i v i t y I n f o r m a t io n  

C o n te n t  ( b i t s )

B io a s s a y
e . g .  Avena s t r a i g h t  20ng 
grow th a s s a y

C o lo u r  R e a c t io n s

E h r l i c h ' s  50ng

S a l k o w s k i ' s  2/*g

S p e c t r o f l u o r i m e t r y

f i x e d  lOpg

s c a n  In  g

E l e c t r o c h e m i c a l  50pg

GLC D e t e c t o r s

Flame i o n i s a t i o n  lOng
d e t e c t i o n

A l k a l i  f lam e  Sng
i o n i s a t i o n  
d e t e c t i o n

E l e c t r o n  c a p tu r e .  lOpg
d e t e c t i o n

Mass S p e c t r o m e t ry

s c a n  lOOng

s i n g l e  io n  lOOpg
m o n i t o r i n g

I n f r a - R e d  lO/tg
S p e c t r o s c o p y

S p e c t r o f l u o r o m e t r y  o f  In  g 
indo  l e  « tpy rone  
d e r i v a t i v e

Radio im m unoassay  lOOpg

UV S p e c t r o m e t ry  lOOng
(sc a n )

L iq u id  S c i n t i l l a t i o n  depends 
S p e c t r o m e t ry  on

s p e c i f i c  
a c t i v i t y

%  NMR s p e c t r o s c o p y  1 0 yg

E l i a s s o n  (1969)

S ta h l  (1965)

Tang and  B onner (1947)

Reeve and C r o z i e r  

(19 80)

S w ee tz e r  and
S w a r t f a g e r  (1978)

Reeve an d  C r o z i e r  
(1980)

Sw artz  and P o w el l  
(19 79)

S e e le y  and P o w e l l  
(1974)

Reeve and  C r o z i e r  
(1980)

P o w e l l  (1967)

S t o e s s l  and V en is  
(1970)

W e i l e r  ^  al_, (1981)

Reeve and  C r o z i e r  
(1980)

medium

medium

medium

h ig h

medium

medium

low

medium

h i g h

low

h ig h

low

h ig h

h ig h

medium

h ig h

4

4

4

32

2 , 000

4

320

4

24

Reeve and C r o z i e r  
(19801

low 124



Note : Where t h e s e  t e c h n i q u e s  a r e  u s e d  t o  d e t e c t  compounds f o l lo w in g
c h ro m a to g ra p h ic  a n a l y s i s , t h e  i n f o r m a t io n  c o n te n t  q u o te d  does n o t  
i n c l u d e  t h a t  p r o v id e d  by  t h e  chrom atogram . A lthough  n o t  e a s i l y  
q u a n t i f i e d ,  t h i s  w i l l  be  h ig h  i n  t h e  c a s e s  o f  HPLC and c a p i l l a r y  
column GC.
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F i g , 2 .  P ro p o s e d  Pa thw ay  o f  lAA O x id a t io n  C a ta ly s e d  by lAA O x id a ses  

(Sembdner e t  a l , ,  1980)

I n d o l e ~ 3 - a c e t i c  A c id

i
OH

I
O

C H ,- C O O H

i
\

CH

\
3 -H y d ro x y m e th y lo x in d o le I n d o le - 3 - a ld e h y d e

I i
3 -M e th y le n e o x in d o le I n d o l e - 3 - c a r b o x y l i c  I n d o le - 3 - m e th a n o l

a c i d

I
3 -M e th y lo x in d o le
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M oreover ,  E p s t e i n  e t  a l . (1980) h a v e  f a i l e d  t o  f i n d  any e v id e n c e  f o r  t h e  

e v o l u t i o n  o f  from  c a r b o x y l - l a b e l l e d  lAA. I n s t e a d  R e in e ck e  and

B a n d u rsk i  (1981) have  i d e n t i f i e d  o x i n d o l e - 3 - a c e t i c  a c i d  as  t h e  m a jo r  

p r o d u c t  o f  lAA c a t a b o l i s m  i n  Zea mays c a r y o p s e s .  T h is  compound m ust b e  

fo rm ed  b y  a  q u i t e  d i f f e r e n t  o x i d a t i o n  r e a c t i o n  and i s  u n l i k e l y  t o  b e  

c a t a l y s e d  b y  any o f  t h e  lA A -o x id ase s  s t u d i e d .  An a l t e r n a t i v e  s e q u en c e  

o f  r e a c t i o n s  t o  t h e  d e c a r b o x y l a t i o n  pa thw ay  ( se e  F ig .  3) was p ro p o s e d  by  

K in a s h i  e t  a l . (1976) who e x t r a c t e d  t h e  m eth y l  e s t e r s  o f  o x i n d o l e - 3 - a c e t i c  

a c i d  and s e v e r a l  r e l a t e d  compounds from  r i c e  b r a n .

A n a ly se s  o f  endogenous i n d o l i c  compounds have  i n d i c a t e d  t h a t  lAA 

c o n ju g a t e s  may b e  im p o r ta n t  m e t a b o l i t e s ,  on a  q u a n t i t a t i v e  b a s i s .  A l a r g e  

p r o p o r t i o n  o f  t h e  lAA p r e s e n t ^ p a r t i c u l a r l y  i n  t i s s u e s  s u c h  as  s e e d s ,  w i th  

a  s t o r a g e  f u n c t i o n ^ i s  c o n ju g a t e d  ( e . g .  B a n d u rsk i  and  S c h u lz e ,  197 7 ) ,  Dry 

Zea c a ry o p s e s  c o n ta i n e d  70-90 mg lAA/g t i s s u e  as  " a l k a l i - l a b i l e "  e s t e r s  

(Ueda and B a n d u r s k i ,  1969) w h i l e  t h e  amounts o f  " f r e e "  lAA v a r i e d  b e tw e en  

1 and  10% o f  t h i s  f i g u r e .  The s e e d l i n g s  a l s o  c o n ta i n e d  t h e  m a j o r i t y  o f  

t h e i r  lAA i n  t h e  form  o f  e s t e r s  (B a n d u rs k i  and S c h u lz e ,  197 4 ) .  In  t h e  

c a ry o p s e s  abou t  h a l f  o f  t h e  e s t e r i f i e d  lAA was c o n ju g a t e d  t o  h ig h  m o le c u la r  

w e ig h t  g l u c a n s ,  m ost o f  t h e  o t h e r  h a l f  b e i n g  e s t e r s  o f  lAA w i t h  myo-i n o s i t o l .  

The s t r u c t u r e s  o f  t h e  lAA-myo-i n o s i t o l  i so m e rs  have  b e e n  v e r i f i e d  u s in g  mass 

s p e c t r o m e t r y  (Ueda e t  a l . , 1 9 7 0 ) .  S e v e r a l  e s t e r s  o f  lAA w i th  g lu c o s e  were 

a l s o  i d e n t i f i e d  from  t h e  same t i s s u e  (Eh mann 1974 ) .  Kopcewicz e t  a l .

(1974) f e d  Zea mays c a ry o p s e s  w i th  l a b e l l e d  lAA and showed t h a t  i t  became 

e s t e r i f i e d  t o  t h e  same compounds found  i n  t h e  t i s s u e .  An enzyme p r e p a r a t i o n ,  

w hich was l a t e r  p u r i f i e d  (M ich a lczu k  and B a n d u r s k i ,  1 9 8 0 ) ,  was found  t o  

c a t a l y s e  t h e  e s t é r i f i c a t i o n  o f  lAA b y  t h e  f o l l o w in g  r o u t e .

lAA + UDP-Glucose ...........................—>  lA A-Glucose + UDP

lAA-Glucose + myo- i n o s i t o l   ------------------>  lAA-myo- I n o s i t o l  + G lucose

lAA-myo- I n o s i t o l  + U D P-G alac tose   ......... >  lAA-m yo-I n o s i t o l - G a l a c t o s i d e  + UDP

S e v e r a l  f u n c t i o n s  f o r  t h e  e s t e r s  o f  lAA have  b e e n  p r o p o s e d .  The l a r g e
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d e c r e a s e  i n  h ig h  m o le c u la r  w e ig h t  e s t e r s  o f  lAA d u r in g  g e rm in a t io n ^  

accom panied  by  a s m a l l  i n c r e a s e  i n  f r e e  lAA, o b s e rv e d  by Ueda and B an d u rsk i  

(19 6 s u g g e s t e d  t h a t  t h e s e  compounds have  a s t o r a g e  f u n c t i o n .

Q u a n t i t a t i v e  s t u d i e s  o f  t h e  t u r n o v e r  o f  i n d o l i c  compounds i n  Zea c a ry o p s e s  

(E p s te in  e t  a l . ,  1980) s t r o n g l y  i n d i c a t e d  t h a t  h i g h  m o le c u la r -  w e ig h t  e s t e r s  

a re  t h e  p r i n c i p a l  s o u rc e  o f  lAA i n  t h e  young s e e d l i n g .  Nowacki and 

B a n d u rsk i  (1980) f u r t h e r  d e m o n s t r a te d  t h a t  lAA-myo-i n o s i t o l  was t r a n s p o r t e d  

i n t o  t h e  s h o o t ,  where i t  c o u ld  be  h y d r o ly s e d  a t  à  f a t e  s u f f i c i e n t  t o  f u l f i l  

t h e  r e q u i r e m e n ts  f o r  lAA. An enzyme p r e p a r a t i o n  c a p a b le  o f  c a t a l y s i n g  t h i s  

r e a c t i o n  has  r e c e n t l y  been  e x t r a c t e d  from Zea mays s h o o ts  (H a ll  and 

B a n d u r s k i ,  1 9 8 1 ) .

In  o t h e r  s p e c i e s ,  l a b e l l e d  lAA has  b e e n  shown t o  form  c o n ju g a t e s  w i t h ,  

t h e  amino a c id s  g l y c i n e ,  v a l i n e ,  a l a n i n e ,  a s p a r t i c  a c i d  and g lu ta m ic  a c i d  

(Feung e t  a l . ,  1 9 76 ) .  Endogenous I A A - a s p a r t a t e  has  a l s o  been  e x t r a c t e d  

r e c e n t l y  from  s e e d s  o f  G ly c in e  max (Cohen, 1 9 8 1 ) .  The f u n c t i o n  o f  t h e s e  

c o n ju g a t e s  i s  th o u g h t  t o  be  s i m i l a r  t o  t h a t  o f  e s t e r s  o f  l A A , i . e .  s t o r a g e .  

Feung ^  a l . (1977) and H a n g a r te r  and co -w o rk e rs  ( H a n g a r te r  e ^  ^ . , 1980; 

H a n g a r te r  and Good, 1981) s t u d i e d  th e  p h y s i o l o g i c a l  a c t i v i t y  o f  v a r i o u s  

amino a c id  c o n ju g a t e s .  The m a j o r i t y  o f  compounds were a p p a r e n t l y  grow th 

a c t i v e  a l t h o u g h  s l i g h t l y  l e s s  so  th a n  lAA. A c t i v i t y  o f  t h e  c o n ju g a t e s  

o u t l a s t e d  t h a t  o f  lAA and was a l s o  r e l a t e d  t o  t h e  r a t e  o f  d e c a r b o x y l a t i o n ,  

s u g g e s t i n g  t h a t  t h e s e  compounds were a c t i n g  as s low  r e l e a s e  s o u r c e s  o f  lAA. 

C o n ju g a te s  w i t h  amino a c id s  o r  s u g a r s  have  a l s o  been  i d e n t i f i e d  as p r o d u c t s  

o f  t h e  m e ta b o l is m  o f  t h e  s y n t h e t i c  a u x i n '2 , 4 - d ic h l o r o p h e n o x y a c e t i c  a c i d  

(S c h ee l  and Sanderman, 1 9 8 1 ) .

The l a c k  o f  e v id e n c e  f o r  d e c a r b o x y la t i o n  o f  lAA i n  v iv o  c a s t s  some 

d oub t  on w h e th e r  t r a d i t i o n a l  lA A -o x id ases  a r e  i n v o lv e d  i n  t h e  c a t a b o l i s m  

o f  endogenous lAA. I t -  i s  now known t h a t  p l a n t s  o f t e n  c o n ta i n  s e v e r a l  

p e r o x i d a s e  isoenzym es w hich  f r e q u e n t l y  p o s s e s s  v a r y in g  d e g re e s  o f  lAA- 

o x id a s e  a c t i v i t y  and have d i f f e r e n t  c o f a c t o r  r e q u i r e m e n ts  ( e .g .  McCune,
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1961; S e q u e i r a  and Mine o ,  1966; O ckerse  a t  a l . ,  1975 ) .  S c h n e id e r  and 

Wightinan (1976) h av e  d e s c r i b e d  f o u r  c l a s s e s  o f  lA A - o x id a s e /p e r o x id a s e  

enzymes :

1. T y p ic a l  p e r o x i d a s e s  t h a t  c a t a l y s e  p e r o x i d a t i o n  r e a c t i o n s  a t  a  v e ry  h ig h  

r a t e  w h i le  a l s o  o x i d i s i n g  lAA more s lo w ly  ( e . g .  H o r s e r a d i s h  p e r o x i d a s e ) ,

2 . Enzymes t h a t  have  b o th  h i g h  p e r o x i d a s e  and h ig h  I A A -oxidase  a c t i v i t y  

( e . g .  T u rn ip  p e r o x i d a s e  P ^ ,  R ic a r d  e t  a l . ,  1972).

3. P e r o x id a s e s  t h a t  show no lA A -o x id ase  a c t i v i t y  ( e . g .  from  p e a  r o o t s ,

C o l l e t ,  1968) .

4. lA A -o x id ases  t h a t  d i s p l a y  no p e r o x i d a s e  a c t i v i t y  ( e . g .  S e q u e i r a  and 

M ineo , 1966; B ry a n t  and Lane* 1975) .  The n o n - p e r o x i d a t i v e  enzyme 

i s o l a t e d  by  B ry a n t  and Lane d i d  n o t  p o s s e s s  a  heme g ro u p .

C o n f l i c t i n g  o p in io n s  e x i s t  a s  t o  w h e th e r  lA A -ox idase  a c t i v i t y  and 

p e r o x i d a s e  a c t i v i t y  can  be  s e p a r a t e d  ( c , f *  Lee , 1976; Laurema , 1974 ) .

S t o n i e r  e t  a l .  (1979) p r o p o s e d  t h a t  h i g h  m o le c u la r  w e ig h t  lA A -ox idase  i n h i b i t o r s ,  

known as  a u x in  p r o t e c t o r s ,  w hich do n o t  i n h i b i t  p e r o x i d a s e  a c t i v i t y ,  may 

c o n ta m in a te  enzyme p r e p a r a t i o n s  t o  v a r y i n g  d e g re e s  g i v in g  t h e  a p p e a ra n c e  

t h a t  lA A -o x id ase  and p e r o x i d a s e  a c t i v i t y  i s  due t o  d i f f e r e n t  enzym es, 

s l e g e l  and  G a ls to n  (1967) s u g g e s t e d  t h a t  t h e r e  m ig h t  be d i f f e r e n t  a c t i v e  

s i t e s  f o r  lA A -ox idase  and p e r o x i d a s e  a c t i v i t y  on t h e  same enzyme, a  v iew  

a l s o  s h a r e d  b y  S ;.u tz  (1 9 5 7 ) .  Removal o f  t h e  heme p r o s t h e t i c  group w i th  

a  m ix tu re  o f  c o ld  a c e to n e  and  HCl d e s t r o y e d  t h e  p e r o x i d a s e  a c t i v i t y ,  a l th o u g h  

t h e  apoenzyme r e t a i n e d  i t s  lA A -o x id ase  a c t i v i t y .  T h is  r e s u l t  was n o t ,  

h o w e v e r ,  o b t a i n e a  b y  Ku e t  a l .  (1970) who found  t h a t  b o t h  lA A -o x id ase  and 

p e r o x i d a s e  a c t i v i t y  s to p p e d  when t h e  heme groiq) was rem oved b y  a d i f f e r e n t  

m ethod.

Auxin p r o t e c t o r s  a r e  r e p o r t e d  ( S t o n i e r ,  1976) t o  b e  d e r i v a t i v e s ,  com plexes 

o r  po ly m ers  o f  o -d ih y d ro x y p h e n y  1 p r o p a n o i d s .  0 -  and p - d i h y d r i c  p h e n o ls  

and p o ly p h e n o l s  a r e  a l s o  g e n e r a l l y  found  t o  b e  i n h i b i t o r y  t o  ^  v iÇ ro  lAA 

o x i d a t i o n  (Ray, 1958; S i r o i s  and  M i l l e r ,  1972), The l a t t e r  compounds
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a f f e c t  t h e  o x i d a t i o n  r a t e ,  r a t h e r  t h a n  in d u c e  a  l a g  p e r i o d  ( S t o n i e r ,

1 9 7 0 ) .  I n  c o n t r a s t ,  c e r t a i n  m onophenols  and  m -dahydfic  p h e n o l s  e . g .  2 , 4 -

2+d i c h l o r o p h e n o l ,  a r e  o f t e n  r e q u i r e d  as c o f a c t o r s  (Ray, 1 9 5 8 ) .  Mn io n s

a re  a l s o  f r e q u e n t l y  n e e d e d ,  M a c la c h la n  and Waygood (1956 a ,b )  have

s u g g e s t e d  t h a t  lAA may n o t  be  d i r e c t l y  o x i d i s e d  by t h e  enzym e^but i n d i r e c t l y  

3+b y  Mn form ed i n  t h e  m i x t u r e .  E a r l i e r ,  K en ten  (1955) h a d  d e m o n s t r a te d

t h a t  p e r o x i d a s e  c o u ld  o x i d i s e  Mn^^ t o  Mn^^ i n  t h e  p r e s e n c e  o f  c e r t a i n

p h e n o l s ,  M a c la c h la n  and  Waygood w ere  a b l e  t o  de c a rb o x y l  a t e  lAA u s i n g  a  

3+
Mn -  EDTA s o l u t i o n .  T h is  was s u b s e q u e n t l y  c o n f i rm e d  by  B e M i l l e r  and 

C o l i l l a  (1972) who c la im e d  t h a t  t h e  p r o d u c t s  o f  t h i s  r e a c t i o n  w ere  i d e n t i c a l  

t o  t h o s e  o f  t h e  enzym ic  p r o c e s s .  Some h i g h l y  p u r i f i e d  enzymes may, h o w e v e r ,  

o x i d i s e  lAA i n  t h e  a b s e n c e  o f  c o f a c t o r s  and  s e v e r a l  p u b l i c a t i o n s  now f a v o u r  

a  more i n t i m a t e  a s s o c i a t i o n  o f  t h e  enzyme w i t h  lAA, a t  l e a s t  i n  t h e  c a s e  

o f  h o r s e r a d i s h  p e r o x i d a s e  ( e . g .  G e l i n a s ,  1973; Yamazaki and  Y am azak i ,  1973; 

N ak a jim a  and Y am azaki,  1 9 7 9 ) ,  The e x a c t  m echanism  o f  t h e  r e a c t i o n  i s  n o t  

f u l l y  u n d e r s t o o d ,  w i t h  s e v e r a l  c o n f l i c t i n g  h y p o th e s e s  b e i n g  p u t  fo rw a rd  on 

t h e  b a s i s  o f  k i n e t i c  s t u d i e s .  H ow ever, i t  seems c l e a r  t h a t  t h e  r e a c t i o n  

in v o lv e s  t h e  f o r m a t io n  o f  f r e e  r a d i c a l s  ( e . g .  P a r u p s ,  1969; M eudt, 1971; 

H om g  and Yang, 1 9 7 5 ) ,  Hydrogen p e r o x i d e  i s  u s u a l l y  a  r e q u i r e m e n t  f o r  

p e r o x i d a s e - c a t a l y s e d  lAA o x i d a t i o n  ( e . g .  K o k k in d ^ is  and  B ro o k s ,  1979) and , 

w here  HgOg i s  n o t  n e e d e d ,  i t  i s  th o u g h t  t h a t  a  bound form  o f  p e r o x i d e  i s  

p r o d u c e d  and u s e d  d u r in g  t h e  r e a c t i o n  (M ackackova e t  a l . , 1 9 7 5 ) .

To sum m arize ,  much work h a s  b e e n  c o n f i n e d  t o  t h e  d e t a i l s  o f  t h e  

m echanism o f  lAA o x i d a t i o n  b y  a  few enzym es, su c h  as h o r s e r a d i s h  p e r o x i d a s e ,  

a l th o u g h  t h e  i n  v iv o  s i g n i f i c a n c e  o f  t h i s  r e a c t i o n  i s  q u e s t i o n a b l e .  In  

a d d i t i o n  t o  t h e  l a c k  o f  e v id e n c e  f o r  lAA d e c a r b o x y l a t i o n  p r o d u c t s  i n  v iv o ,  

t h e  r e s u l t s  o f  t h e s e  s t u d i e s  show s e v e r a l  p o i n t s  w hich  b r i n g  f u r t h e r  d o u b t  

on t h e  r o l e  o f  lA A - o x id a s e s :

1, T h e re  i s  a  g e n e r a l  l a c k  o f  s p e c i f i c i t y  shown by  I A A - o x id is in g  p e r o x i d a s e  

enzymes ( B u t t ,  1 9 80 ) .
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2 .  The i n t i m a c y  o f  t h e  r e l a t i o n  be tw een  s u b s t r a t e  and enzyme has b een  

q u e s t i o n e d .

3. C e r t a i n  I r i o r g a n i 'c ■ s p e c i e s  and  UV r a d i a t i o n  w i l l  c a t a l y s e  . . 

lAA o x i d a t i o n  by t h e  same pa thw ay  a s  l A A - o x i d a s e s ..

( s e e  Sembdner ^  a l , 1980 )

4 .  P e r o x id a s e  enzymes a r e  known t o  be i n c r e a s e d  by i n j u r y  and  a p p l i c a t i o n  

o f  abnorm al l e v e l s  o f  g ro w th  s u b s t a n c e s  (e.g., B i r e c k a  and  M i l l e r ,  1 9 7 4 ) .  

B r ig g s  (1955) fou n d  t h a t  a p p l i c a t i o n  o f  a  d rop  o f  0 .005  M KCN t o

t h e  c u t  ends o f  Osmunda cinnamomea f ro n d s  c o n s id e r a b l y  i n c r e a s e d  t h e  

y i e l d  o f  d i f f u s  a b le  a u x i n .  I t  i s  p o s s i b l e  t h a t  t h e  I AA-oxi d a s e /  

p e r o x i d a s e  s y s te m  i s  p ro d u c e d  in  r e s p o n s e  t o  i n j u r y  and i t s  a c t i v i t y  i s  

p r e d o m in a n t ly  a r t i - f a c t u a l .

5 . F i n a l l y ,  t h e  a c t i v i t y  o f  t i s s u e  hom ogenates  m igh t som etim es  r e s u l t  from  

t h e  m e a n in g le s s  m i x i n g 'o f  enzyme, p h e n o l i c  conpounds and i n a c t i v e  p r o t e i n  

from  d i f f e r e n t  c e l l s  o r  o r g a n e l l e s ,  and w hich  a r e  n o t  n o r m a l ly  i n  c o n t a c t  

w i t h  one  a n o th e r .

On t h e  o t h e r  hand , t h e r e  i s  some e v id e n c e  t o  i n d i c a t e  t h a t  lA A -o x id a se s  

may have  a r ô l e  ip_ v i v o . A few r e p o r t s  have, b een  p u b l i s h e d  w h ich  s u g g e s t  

t h a t  lAA l e v e l s  may b e  r e g u l a t e d  by IA A -ox idase  a c t i v i t y .  An i n v e r s e  

r e l a t i o n s h i p  b e tw e en  enzyme a c t i v i t y  and  endogenous lAA c o n t e n t  h as  b e e n  

r e p o r t e d  d u r in g  a b s c i s s i o n  i n  b e a n  s e e d l i n g s  ( J a in  e t  ' a l . , 1969) and l i g h t -  

i n d u c e d  hook o p e n in g  o f  p e a  s e e d l i n g s ,  by  p r e c i s e  k i n e t i c  s t u d i e s  (De G r e e f  

p t  a ^ . , 1 9 7 7 ) .  More r e c e n t l y ,  S a l e h  (1981) found  t h a t  k i n e t i n  t r e a t m e n t  

i n c r e a s e d  t h e  l e v e l s  o f  e x t r a c t a b l e  lAA i n  t h e  r o o t s  o f  young  P h a s e o lu s  

v u l g a r i s , Zea  mays and Avena s a t i v a  p l a n t s .  T h i s  t r e a t m e n t  a l s o  d e c r e a s e d  

t h e  amount o f  IA A -o x id a se  a c t i v i t y  d e t e c t a b l e .  N e v e r t h e l e s s ,  t h e  

q u a n t i t a t i v e  c o r r e l a t i o n  was n o t  good . The f a l l  i n  lA A -o x id ase  a c t i v i t y  

was g r e a t e s t  i n  o a t  r o o t s ,  w here  k i n e t i n  had  v e r y  l i t t l e  e f f e c t  on lAA 

l e v e l s ,  b u t  was r a t h e r  s m a l l  i n  b e a n  r o o t s ,  w here  k i n e t i n  t r e a t m e n t
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s i g n i f i c a n t l y  r a i s e d  t h e  amount o f  lA A . Lee (1980) has p u b l i s h e d  

e v id e n c e  t h a t  c e r t a i n  p h e n o l i c  compounds w h ic h  a c t  as c o f a c t o r s  o r  

i n h i b i t o r s  o f  lA A -ox idase  p r e p a r a t i o n s  may have s i m i l a r  e f f e c t s  on t h e  

i n  v iv o  c a t a b o l i s m  o f  lA A . A l th o u g h  E p s t e in  e t  a l . (198 0) were n o t  a b l e  

t o  d e t e c t  any s e v e r a l  o t h e r  w o r k e r s ,  u s in g  a v a r i e t y  o f  p l a n t

m a t e r i a l ,  have  d e t e c t e d  s u b s t a n t i a l  q u a n t i t i e s  o f  l a b e l l e d  CO2 f o l l o w i n g  

a p p l i c a t i o n  o f  lA A -l-^^C  ( e g .W i lk i n s  e t  a l  . . ,1 9 7 2 b ,Zea mays r o o t s ; :  E p s t e i n  [e^ _al

19 7 7 ,  o r a n g e  c a l l u s ;  E p s t e i n  and  L a v e e ,  1975 , a p p le  c a l l u s ;  E p s t e i n  and Lavee  

1977a , o l i v e  l e a v e s ;  H am ilton  e t  a l . ,  197 6 , P a r t h e n o c i s s u s  t r i c u s p i d a t a

c a l l u s  t i s s u e ) .  I t  m ust be  b o rn e  i n  mind t h a t  w h ere  e x p e r im e n t s  w e re

p e r f o r m e d  i n  t h e  l i g h t ,  o r  i n v o lv e d  c o n t a c t  o f  lAA w i t h  c u t  s u r f a c e s ,

t h e s e  r e s u l t s  c o u ld  be a r t i f a c t u a l .

In  c o n c lu s i o n ,  i n  o r d e r  t o  u n d e r s t a n d  w h e th e r  lA A -o x id ase  has a  r ô l e

in  t h e  c a t a b o l i s m  o f  endogenous  lAA, t h e r e  m ust be f u r t h e r  d e f i n i t i v e

s t u d i e s  o f  lAA m e ta b o l i s m  ^  v i v o . In  t h e  p a s t  s u c h  w ork  has been

s e r i o u s l y  ham pered  by t h e  u s e  o f  i n a d e q u a t e  i d e n t i f i c a t i o n  p r o c e d u r e s

and l a c k  o f  c o n t r o l s ,  t o g e t h e r  w i t h  a  d i s r e g a r d  f o r  t h e  q u a n t i t a t i v e

iIm portance  o f  t h e  p r o d u c t s  s t u d i e d .  I t  i s  t h e r e f o r e  p ro p o s e d  t h a t  i d e a l l y  i n

f u t u r e ,  t h e  f o l l o w i n g  p r e c a u t i o n s  s h o u ld  be  c o n s i d e r e d .

1. Where exogenous compounds a r e  u s e d ,  t h e i r  i n i t i a l  p u r i t y  m ust b e  p r o v e d .

2. Care s h o u ld  be t a k e n  t o  i n c l u d e  c o n t r o l s  w i t h  d ead  t i s s u e  and  t o  check  

f o r  breakdow n o f  compounds d u r in g  p u r i f i c a t i o n  and a n a l y s i s  o f  e x t r a c t s .

3 .  I d e n t i f i c a t i o n  o f  p r o d u c t s  m ust be  r i g o r o u s  and as f a r  as p o s s i b l e  

q u a n t i t a t i v e  ( se e  Reeve and C r o z i e r ,  1 £ 6 0 ) .

4. Exogenous I A A 'shou ld  n o t  be added t o  i n  v iv o  -system s i n  amounts w h ic h  

f a r  e x c e e d  n a t u r a l  l e v e l s .

5 . The s i t e  o f  a p p l i c a t i o n  m ust be s u c h  t h a t  e n t r y  t o  t h e  t i s s u e  mimics 

as c l o s e l y  as p o s s i b l e  t h e  endogenous  s y s te m .

6 . C o n ta c t  o f  t h e  lAA w i t h  wounded t i s s u e  i s  to  be a v o id e d  as f a r  as 

p o s s i b l e  and m ust be c o n s i d e r e d  when i n t e r p r e t i n g  r e s u l t s .
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7. I t  must be d e te rm in e d  w h e th e r  o r  n o t  i s o t o p i c  d i s c r i m i n a t i o n  o c c u rs  

i n  l a b e l l i n g  e x p e r im e n t s .

8 . The p o s s i b i l i t y  t h a t  s u r f a c e  m ic ro o rg a n ism s  may be m e t a b o l i s in g  

s i g n i f i c a n t  q u a n t i t i e s  o f  t h e  a p p l i e d  s u b s ta n c e  s h o u ld  be b o rn e  i n  

mind ( se e  L i b b e r t  and R is c h e ,  1969) .

9 . E x p e r im en ts  a r e  b a s e d  on t h e  a s su m p t io n  t h a t  lAA i t s e l f  i s  a  

b i o l o g i c a l l y  im p o r ta n t  compound. The growth a c t i v i t y  and g e n e r a l  

p h y s io lo g y  o f  m e t a b o l i t e s  n e e d s  t o  be c o n s id e r e d .

With t h e s e  g u i d e l i n e s  i n  m ind, t h i s  t h e s i s  p r e s e n t s  a  s tu d y  o f  t h e  

m e ta b o l ism  o f  r a d i o a c t i v e l y . - l a b e l l e d  lAA i n  t h e  r o o t  and c o l e o p t i l e  t i s s u e s  

o f  d a rk -g ro w n  Zea mays s e e d l i n g s .  I n i t i a l  e x p e r im e n ts  were p e r fo rm e d  u s in g  

segm ents  f l o a t e d  i n  s o l u t i o n s  o f  ^^C-IAA. M e th a n o l ic  e x t r a c t s  o f  p l a n t  

m a t e r i a l  were a n a ly s e d  by t h e  t r a d i t i o n a l  method o f  t h i n - l a y e r  ch ro m a to g rap h y  

i n  t h r e e  s o l v e n t  sy s tem s  and  by th e  more e f f i c i e n t  s e p a r a t o r y  t e c h n iq u e  o f  

g r a d i e n t - e l u t i o n  r e v e r s e - p h a s e  h ig h -p e r fo r m a n c e  l i q u i d  ch ro m a to g ra p h y .

V i r t u a l l y  no sam ple  p u r i f i c a t i o n  was c a r r i e d  o u t ,  t o  a l lo w  a n a l y s i s  o f  t h e  

whole s p e c t ru m  o f  lAA m e t a b o l i t e s .  C o n t r o l s  u s in g  b o i l e d  t i s s u e  were 

i n c l u d e d ,  and s m a l l - s c a l e  e x p e r im e n t s  were c a r r i e d  o u t  u s in g  s t e r i l e  r o o t s  

t o  e n s u r e  t h a t  t h e  m e ta b o lism  o b s e rv e d  was n o t  due t o  c o n ta m in a t io n .  The 

e f f e c t  o f  e x t e r n a l  lAA c o n c e n t r a t i o n  on t h e  m e ta b o lism  p a t t e r n  was monitored*, 

u p ta k e  o f  exogenous lAA was com pared w i th  endogenous l e v e l s .  The changes  i n

t h e  p a t t e r n  o f  m e t a b o l i t e s  w ere  f o l lo w e d  d u r in g  t im e - c o u r s e  e x p e r im e n ts  and 

q u a n t i t i e s  o f  l a b e l  r e m a in in g  a s s o c i a t e d  w i th  t h e  lAA a t  each  t im e  were 

e s t i m a t e d .  Root segm ents  c o u ld  be d i v id e d  i n t o  e p id e r m is  p l u s  c o r t e x  and 

s t e l e , a n d  t h e  m e ta b o l ism  o f  t h e  two d i f f e r e n t  t i s s u e s  com pared. In  l a t e r  

e x p e r im e n ts  lAA was s u p p l i e d  t o  r o o t  segm en ts  v i a  t h e  s t e l e , f r o m  a g a r  b l o c k s .  

T h is  method was a l s o  u se d  t o  s u p p ly  lAA t o  t h e  a p i c a l  ends o f  c o l e o p t i l e  

s e g m e n ts .  In  t h i s  way, m e ta b o l is m  o f  lAA from  a s o u rc e  more c l o s e l y  r e s e m b l in g  

t h e  endogenous s u p p ly  c o u ld  be m o n i to re d .  The m e ta b o lism  o f  t h e  lAA 

t r a n s p o r t e d  th ro u g h  t h e  segm ents  was a l s o  s t u d i e d .  F i n a l l y ,  some in f o r m a t io n
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on t h e  c h e m ica l  s t r u c t u r e s  o f  m e t a b o l i t e s  was g a in e d  from  com par ison  o f  

^^C-IAA l a b e l l e d  i n  d i f f e r e n t  p o s i t i o n s ,  t e s t s  f o r  m é t h y la t i o n  and h y d r o l y i s ,

CO -chrom atography w i th  s t a n d a r d s  o f  p u t a t i v e  lAA m e t a b o l i t e s , a n d  UV s p e c t r o m e t r y .

A few p r e l i m i n a r y  e x p e r im e n ts  w ere  c a r r i e d  o u t  t o  s tu d y  t h e  e f f e c t  o f  lAA 

on r o o t  and c o l e o p t i l e  e l o n g a t i o n .
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MATERIALS AND METHODS

1. PLANT MATERIAL

Dark-grown s e e d l i n g s  o f  Zea mays L. c v .  F r o n ic a  were u s e d  f o r  t h e  

m a j o r i t y  o f  e x p e r im e n ts  a l t h o u g h  p r e l i m i n a r y  s t u d i e s  were c a r r i e d  o u t  u s in g  

th e  v a r i e t y  Kelvedon 33. C aryopses  w ere  o b t a i n e d  from S i n c l a i r  M cGill 

(S c o t l a n d )  L td .  and s t o r e d  a t  4°C p r i o r  t o  sow ing . P l a n t s  were grown on 

damp t i s s u e  p a p e r  i n  p l a s t i c  s e e d  t r a y s  c o v e re d  w i th  a g l a s s  s h e e t , i n  

d a rk n e s s  a t  22°C. A f t e r  3-4  d a y s ,  s e e d l i n g s  w i th  r o o t s  be tw een  35 and 

55mm i n  l e n g t h  were u se d  as  a  s o u r c e  o f  r o o t  t i s s u e (  ( F r o n t i s p i e c e )  , w he reas  

c o l e o p t i l e s  be tw een  15 and 25mm i n  l e n g t h  were s e l e c t e d  from  5 - d a y - o l d  p l a n t s  

Fo r  m e ta b o lism  e x p e r im e n t s  r o o t  se g m e n ts ,  20mm i n  l e n g t h ,  were t a k e n  

from  1mm b e h in d  t h e  t i p  u n l e s s  s t a t e d  o t h e r w i s e .  S e c t i o n s  5mm lo n g  were

u s e d  f o r  e x p e r im e n ts  on t h e  e f f e c t  o f  lAA on g row th . T h is  r e g i o n  c o n ta i n s

t h e  e l o n g a t i o n  zone , b u t  e x c lu d e s  t h e  r o o t  cap and th e  m a j o r i t y  o f  t h e  

m e r is te m  (E r ic k s o n  and Sax, 1956; and P i l e t  and Senn, 198 0 ) .  C o l e o p t i l e  

s e g m e n ts ,  10mm i n  l e n g t h ,  w ere  t a k e n  from  2mm b e h in d  t h e  apex  and  t h e  l e a f  

t i s s u e  was removed from t h e  c e n t r e .  S e c t i o n s  were c u t  e i t h e r  i n  dim g re e n  

l i g h t  o r  i n  t h e  l a b o r a t o r y ,  as s t a t e d  i n  each  e x p e r im e n t .

The p h y s i o l o g i c a l  s a f e  l i g h t  was o b t a i n e d  by  c o v e r in g  a 40W T u n g s ten

b u lb  w i th  r e d  and g re e n  Cinnam oid f i l t e r .  T h is  a l lo w e d  l i g h t  o f  be tw een  

520 and 590 nm t o  be t r a n s m i t t e d .  T e s t s  f o r  p h y s i o l o g i c a l  a c t i v i t y  o f  t h i s  

l i g h t ,  u s in g  Avena s a t i v a  and Zea mays c o l e o p t i l e s  p ro v e d  n e g a t i v e .
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S t e r i l e  P l a n t s

Seeds were s u r f a c e - s t e r i l i s e d  by s o a k in g  i n  a  10% C h lo r e s  s o l u t i o n  

( I n d u s t r i a l  G rade; I C I ,  Durham C h em ica ls  D i s t r i b u t o r s  L t d . )  f o r  30min. 

A f t e r  w a sh in g  th o r o u g h l y  w i th  a u to c l a v e d  w a t e r ,  t h e y  were t r a n s f e r r e d  t o  

s t e r i l e  g l a s s  p e t r i d i s h e s  l i n e d  w i th  m o is t  s t e r i l e  f i l t e r  p a p e r  and  a l lo w e d  

t o  grow f o r  4 d a y s .  M a n ip u la t i o n  o f  s e e d s  and c u t t i n g  o f  r o o t  segm en ts  

w ere  c a r r i e d  o u t  i n  a s t e r i l e  a i r - f l o w  c a b i n e t .  To t e s t  f o r  f u n g a l  and 

b a c t e r i a l  c o n ta m in a t io n ,  p o r t i o n s  o f  t h e  r o o t s  were i n c u b a t e d  a t  20°C f o r  

2 weeks on e i t h e r  n u t r i e n t  a g a r  (pH 7 .4 )  o r  p o t a t o  d e x t r o s e  a g a r  (pH 6 ) .  

N u t r i e n t  a g a r  was p r e p a r e d  by  d i s s o l v i n g  ' O xo id ' n u t r i e n t  a g a r  (14g)
3

i n  d i s t i l l e d  w a t e r  (500 cm ) .  The r e c i p e  f o r  p o t a t o  d e x t r o s e  a g a r  was as
3

f o l l o w s :  p o t a t o  (lOOg) was b o i l e d  i n  w a t e r  (300 cm ) and s t r a i n e d  th ro u g h

3m u s l in .  D e x tro s e  (lOg) was added , and t h e  volume b r o u g h t  up t o  500 cm 

b e f o r e  d i s s o l v i n g  a g a r  ( l O g ) . Both m edia  were a u to c l a v e d  f o r  15min a t  

120°C and 103 KPa. A f t e r  c o o l i n g ,  50mg o f  S t r e p to m y c in  was added  t o  t h e  

m o l te n  p o t a t o  d e x t r o s e  a g a r .
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2. CHEMICALS

C hem ica ls  were o b t a i n e d  from  t h e  f o l l o w i n g  s o u r c e s :

a .  S o l v e n t s

m eth an o l*

d i e t h y l  e t h e r * ,  c h lo r o f o rm  

p r o p a n - 2 - o l * ,  t o l u e n e  

m e th y l  a c e t a t e ,  m e th o x y e th a n e 1, 

e t h y l  a c e t a t e *  

a c e t i c  a c i d ,  f o rm ic  a c i d ,  x y le n e

L o th ia n  C h e m ic a ls ,  E d in b u rg h  

May and Baker L td .

A § J  B e v e r id g e  L td .

B r i t i s h  Drug Houses L td .  

Hopkin and W il l ia m s  L td .

S o l v e n t s  d e n o te d  * w ere  r o u t i n e l y  g l a s s  d i s t i l l e d  b e f o r e  u s e .

b .  Gases

Oxygen f r e e  n i t r o g e n ,  

2% propane /98%  Argon B r i t i s h  Oxygen Company L td ,

c .  Bulk C hem ica ls

2 , 5 - d i p h e n y l o x a z o l e ,

2 - p h e n y l e th y l a m i n e ,  ammonia 

T r i t o n - X  100

a g a r  ( t e c h n i c a l ) ,  n u t r i e n t  a g a r

NaOH, KOH, HCl

d e x t r o s e

Koch L ig h t  L a b o r a t o r i e s  Ltd, 

A ^ J  B e v e r id g e  L td .

Oxoid L td .

May and Baker L td .

Hopkin and W il l ia m s  L td .
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d . F in e  C hem icals

i n d o l e - 3 - a c e t i c  a c i d ,  i n d o l e - 3 - a ld e h y d e ,  

i n d o l e - 3 - c a r b o x y l i c  a c i d  

î ^ - m e t h y l - N - n i t r o - p - t o l u e n e  su lphonam ide  

^ , 0 - b i s - ( t r i m e t h y l s i l y l )  

t r i f l u o r o a c e t a m i d e

Sigma Chemical Company Ltd,

P i e r c e  § W a r r in e r  L td .

e .  R a d io c h em ic a ls

A l l  r a d i o a c t i v e l y  l a b e l l e d  c h e m ic a ls  were o b t a i n e d  from  Amersham 

I n t e r n a t i o n a l  L td .

compound

l A A - l - l ^ C

14IAA-2- C 

Na

14 C -hexadecane

s p e c i f i c  a c t i v i t y

2 .1 8  GBq mmol 

2 .11  GBq mmol 

2 .21  GBq mmol 

1 8 .6  KBq g"^

-1

-1

S o l u t i o n s  o f  lAA

U n la b e l l e d  lAA was d i s s o l v e d  i n  a  s m a l l  volume o f  m ethano l  and d i l u t e d

t o  t h e  r e q u i r e d  c o n c e n t r a t i o n  w i th  d i s t i l l e d  w a t e r .  F o r  g row th  e x p e r im e n ts

3 3th e  same amount o f  m e thano l  ( i . e .  2 mm p e r  100 cm o f  s o l u t i o n )  was added  t o  

each  lAA c o n c e n t r a t i o n  and t o  t h e  c o n t r o l .  Aqueous s o l u t i o n s  o f  lAA were 

s t o r e d  i n  d a rk n e s s  a t  4°C f o r  no more th a n  48h.

^^C-IAA was s t o r e d  i n  m e th a n o l i c  s o l u t i o n  a t  -15°C . Aqueous s o l u t i o n s  

were made up when r e q u i r e d .

EXPERIMENTAL PROCEDURES

(à) M e tab o lism  e x p e r im e n ts  

I n c u b a t io n

F or  m e ta b o lism  e x p e r im e n t s ,  r o o t  segm en ts  were i n c u b a t e d  i n  g roups  o f  50 i n
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350mm d ia m e te r  g l a s s  p e t r i d i s h e s  c o n t a i n i n g  2 cm aqueous  lAA s o l u t i o n .  

C o l e o p t i l e  segm ents  w ere  i n c u b a t e d  i n  g ro u p s  o f  20 o r  40 . A l l  e x p e r im e n ts  

were c a r r i e d  o u t  i n  d a rk n e s s  a t  22°C. A f t e r  i n c u b a t i o n  t h e  t i s s u e  from  each
3

d i s h  was washed 5 o r  6 t im e s  w i th  25 cm d i s t i l l e d  w a te r  f o r  Imin e a c h ,  by 

w hich t im e  t h e  e f f l u x  o f  r a d i o a c t i v i t y  had  r e a c h e d  a s t e a d y  v a lu e  ( se e  F ig .  5) 

B locks  o f  a g a r  c o n t a i n i n g  lAA f o r  e x p e r im e n ts  E and G were p r e p a r e d  as
3

f o l l o w s .  A p p ro x im a te ly  2 cm o f  a  h o t  1.5% a g a r  s o l u t i o n  w i th  100 \il o f  

m e thano l  c o n t a i n i n g  IAA-2-^^C was p o u re d  i n t o  moulds (25 x 21 x 3 mm) and 

a l lo w e d  to  s e t .  The a g a r  was d i v i d e d  i n t o  8 b lo c k s  o f  a p p ro x im a te  d im e n s io n s  

12 X 5 X 3 mm, each  o f  w hich  was u s e d  t o  s u p p ly  lAA t o  5 r o o t  o r  c o l e o p t i l e  

s e g m e n ts .

P r e p a r a t i o n  o f  E x t r a c t s

Segments were e x t r a c t e d  o v e r n i g h t  w i th  r e d i s t i l l e d  m ethano l  a t  4°C
3

(25 cm m ethano l  p e r  50 s e g m e n t s ) . E x t r a c t s  were t h e n  f i l t e r e d .  Two 

a l t e r n a t i v e  m ethods o f  sam ple  p r e p a r a t i o n  were u se d :

1. Sm all r o o t  e x t r a c t s  w ere  r e d u c e d  t o  d r y n e s s  u s in g  a  B u c h i i  r o t a r y
3

e v a p o r a t o r .  A f t e r  b e in g  r e d i s s o l v e d  i n  1 cm o f  m ethano l  and c e n t r i f u g e d  

a t  10 ,000  X g, sam ples  w ere  s t o r e d  a t  -15°C i n  d a rk n e s s  u n t i l  r e q u i r e d  f o r  

a n a l y s i s .

2. The m a j o r i t y  o f  c o l e o p t i l e  e x t r a c t s , a n d  r o o t  e x t r a c t s  from  more t h a n  100 

segm en ts  were r e d u c e d  i n  vacuo  t o  t h e  aqueous p h a s e .  They were th e n  d i l u t e d  

w i th  ammonium a c e t a t e  b u f f e r  3 .5 ,  20 mol m ^) and lo a d e d  o n to  C^g S ep -p ak
3

c a r t r i d g e s  (W aters A s s o c i a t e s  I n c . )  u s in g  a 5 cm g l a s s  s y r i n g e .  C a r t r i d g e s

3 3were  w e t t e d  p r i o r  t o  u s e  by pumping th ro u g h  5 cm m ethano l  fo l lo w e d  by 2 cm

b u f f e r .  R a d io a c t iv e  compounds i n  t h e  e x t r a c t s  w ere  e l u t e d  from t h e  c a r t r i d g e s
3

w i th  60% m ethano l  i n  ammonium a c e t a t e  b u f f e r  (2 cm ) .  T h e /m e th an o l  was b lown

o f f  u n d e r  a  s t r e a m  o f  and t h e  sam p les  f r e e z e  d r i e d .  E x t r a c t s  were

3r e d i s s o l v e d  i n  1 cm m ethano l  f o r  s t o r a g e  u n t i l  r e q u i r e d  f o r  a n a l y s i s .

Im m e d ia te ly  p r i o r  t o  HPLC a n a l y s i s  a l l  sam ples  were blown d ry  u n d e r
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3
and d i s s o l v e d  i n  100 mm 10% m eth a n o l  i n  ammonium a c e t a t e  b u f f e r  (pH 3 .5 ,

20 mol m .

(b) Growth E x p e r im en ts  

I n c u b a t io n

Root seg m en ts ,  5mm i n  le n g th ^ w e re  i n c u b a t e d  i n  g ro u p s  o f  1 0 , i n 50mm
3

d ia m e te r  g l a s s  p e t r i d i s h e s  c o n t a i n i n g  2 o r  5 cm aqueous lAA o r  c o n t r o l  

s o l u t i o n .  I n c u b a t io n  u s u a l l y  to o k  p l a c e  i n  d a rk n e s s  a t  22°C. Roots i n  

some e x p e r im e n t s  w ere  i n c u b a t e d  i n  t h e  l a b o r a t o r y  a t  18-20°C .

M easurement o f  Growth

T i s s u e  segm ents  w ere  m easu red  u s in g  t h e  shadowgraph m ethod. S e c t i o n s  

were p l a c e d  on a g l a s s  p l a t e  and a  p h o t o g r a p h i c  e n l a r g e r  u s e d  t o  p ro d u c e  

im ages o f  x5 m a g n i f i c a t i o n  w hich w ere  t h e n  m easu red  u s in g  a r u l e r  w i th

0.5mm d i v i s i o n s .  Growth o f  i n t a c t  p l a n t s  was d e te rm in e d  by p l a c i n g  s p o t s  

o f  i n d i a n  in k  1mm and 6mm from  t h e  r o o t  t i p .  The d i s t a n c e  be tw een  th e  

s p o t s  a f t e r  i n c u b a t i o n  was m easu red  u s in g  a r u l e r .

4 .  LIQUID SCINTILLATION SPECTROMETRY

The amount o f  r a d i o a c t i v i t y  p r e s e n t  i n  sam ples  was a s s a y e d  u s in g  P a c k a rd

model 3380 l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r s .  Samples were p l a c e d  i n

3 320 cm p l a s t i c  v i a l s  w i th  10 cm s c i n t i l l a t i o n  c o c k t a i l .  They were r o u t i n e l y

c o u n te d  f o r  5min.

S c i n t i l l a t i o n  c o c k t a i l s

A. For n o n -aq u eo u s  sa m p le s :
_3

4 g cm PPO ( 2 ,5 - d i p h e n y lo x a z o le )  i n  t o lu e n e

B. For aqueous sa m p le s :

2 p a r t s  A p l u s  1 p a r t  T r i t o n - X  100
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C. For b o th  aqueous and  n o n -aq u e o u s  sam p les  i n  l a t e r  e x p e r im e n ts

P a c k a rd  E m u l s i f i e r - S c i n t i l l a t o r  299

D. For t r a p p i n g  ^^C02 i n  sam ple  o x i d i s e r

7g PPO 

50 cm^ H^O
3

220 cm m ethano l
3

330 cm 2- p h e n y l e th y lam in e
3

400 cm t o lu e n e

C o u n tin g  E f f i c i e n c y

The i n s t r u m e n t s  u sed  c o m p r ise d  an e x t e r n a l  s t a n d a r d  r a d i a t i o n  s o u r c e ,

t h e  c o u n t in g  e f f i c i e n c y  f o r  w hich  was a u t o m a t i c a l l y  r e c o r d e d  f o r  e a ch  sam ple ,

A c tu a l  c o u n t in g  e f f i c i e n c y  f o r  was o b t a i n e d  from  a c a l i b r a t i o n  g raph  i n

w hich  t h e  c o u n t in g  e f f i c i e n c y  f o r  a  known q u a n t i t y  o f  h ex ad ecan e  was

p l o t t e d  a g a i n s t  t h e  A .E .S .  (A u tom a tic  E x t e r n a l  S ta n d a rd )  r a t i o .  A q u a n t i t y

o f  a ro u n d  20 mm o f  l a b e l l e d  h e x a d e c a n e  was w eighed  a c c u r a t e l y  i n  a

3s c i n t i l l a t i o n  v i a l  and 10 cm o f  s c i n t i l l a t i o n  c o c k t a i l  ad d ed .  The number 

o f  c o u n ts  and t h e  A .E .S .  r a t i o  w ere  r e c o r d e d  as  an a p p r o p r i a t e  "q u en c h in g  

a g e n t"  was added  d ro p w ise  t o  t h e  v i a l .  S e p a r a t e  c a l i b r a t i o n  c u rv e s  were 

p r e p a r e d  f o r  d i f f e r e n t  s c i n t i l l a n t s .  T h ree  q u e n c h in g  a g e n t s  were u s e d :  

w a t e r ,  a  m e th a n o l i c  r o o t  e x t r a c t  and a m e th a n o l i c  c o l e o p t i l e  e x t r a c t .

O x id a t io n  o f  T i s s u e  f o r  R a d io a s s a y

A f t e r  m e th a n o l i c  e x t r a c t i o n ,  t h e  q u a n t i t y  o f  r a d i o a c t i v i t y  r e m a in in g  i n  

t h e  t i s s u e  was m easu red . The p l a n t  m a t e r i a l  was com busted  u s in g  an 

I n t e r t e c h n i q u e  IN 4101 Sample O x i d i s e r .  The ^^CO^ p ro d u ce d  was t r a p p e d  by 

p h e n y le th y la m in e  i n  t h e  s c i n t i l l a t i o n  c o c k t a i l  and t h e  r a d i o a c t i v i t y  a s s a y e d  

by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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5. THIN-LAYER CHROMATOGRAPHY

G la ss  TLC p l a t e s ,  p r e c o a t e d  by Camlab (M acharey-N agel and Co.) w i th  a

0 . 25.m l a y e r  o f  s i l i c a  g e l  w ere  u s e d .  Chromatograms w ere  d e v e lo p e d  f o r  a 

d i s t a n c e  o f  15cm i n  one o f  t h r e e  s o l v e n t  s y s te m s :

1. M ethyl a c e t a t e  : p r o p a n - 2 - o l  : 25% ammonia (45 : 35 : 20 v /v )

2. C h lo ro fo rm  : m ethano l  : g l a c i a l  a c e t i c  a c i d  (75 : 20 : 5 v /v )

3. C h lo ro fo rm  : e t h y l  a c e t a t e  : 90% fo rm ic  a c id  (35 : 55 : 10 v /v )

S o lv e n ts  u se d  f o r  TLC w ere  e i t h e r  r e d i s t i l l e d  i n  g l a s s i e r  A n a la r  g r a d e .

The p o s i t i o n  o f  r a d i o a c t i v e  compounds was found  by s c a n n in g  t h e  p l a t e s  u s in g  

a Panax t h i n - l a y e r  r a d io c h ro m a to g ra m  s c a n n e r .  A l t e r n a t i v e l y  t h e  s i l i c a  g e l  

from  e a c h  o f  t e n  zones was s c r a p e d  o f f ,  and t h e  q u a n t i t y  o f  r a d i o a c t i v i t y  

d e te r m in e d  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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6 . HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

The HPLC sy s te m  u se d  i s  shown i n  d ia g ra m m a tic  form  i n  F ig .  5a . S o lv e n ts

3 . -1were d e l i v e r e d  a t  f low  r a t e s  o f  e i t h e r  1 o r  0 .7 5  cm rain by  an A l t e x  Model 332 

g r a d i e n t  l i q u i d  c h ro m a to g rap h  ( A l te x  S c i e n t i f i c  I n c . ) . A Shandon r e v e r s e -  

p h a s e  column ( I .D .  250 x 5mm) p ac k ed  w i th  5 ym ODS H y p e r s i l  (Shandon S o u th e rn  

P r o d u c ts  L t d . )  was u s e d .  Samples were i n t r o d u c e d  o f f  column v i a  a  P e r k in -  

Elmer Model 7105 sam ple  v a l v e .  The m o b ile  p h a s e  c o n s i s t e d  o f  a  m ix tu re  o f  

HPLC g ra d e  m ethano l  (R a th b u rn  C hem ica ls  L t d . )  and ammonium a c e t a t e  b u f f e r
- 3

(pH 3 . 5 ,  20 mol m ) The b u f f e r  was c l e a n e d  p r i o r  t o  u se  by  p a s s i n g  th ro u g h  

a 250 X 10mm I .D .  column p a c k ed  w i th  10 ym ODS s i l i c a  g e l .  T hree  s o l v e n t  

g r a d i e n t s  were u se d :

A. 10 t o  60% m eth an o l  o v e r  20 min

B. 10 t o  60% m ethano l  o v e r  30 min

C. 50 t o  100% m ethano l  o v e r  20 min.

The p e r c e n ta g e  o f  m ethano l  was t h e n  i n c r e a s e d  t o  100% o v e r  5min and t h e  column 

c le a n e d  f o r  a  f u r t h e r  lOmin. The s o l v e n t  c o m p o s i t io n  was r e t u r n e d  t o  t h e  

i n i t i a l  v a lu e  and t h e  column e q u i l i b r a t e d  f o r  lOmin p r i o r  to  i n j e c t i n g  th e  

n e x t  sam ple .

Two d e t e c t o r s  w ere  u se d  i n  s e r i e s .  The column was c o n n e c te d  t o  a

3P e rk in -E lm e r  650-10S F lu o r e s c e n c e  S p e c t r o p h o to m e te r  f i t t e d  w i th  a  16 mm f low  

c e l l .  The e x c i t a t i o n  and e m is s io n  w a v e le n g th s  were s e t  a t  280 and  350 nm 

r e s p e c t i v e l y  ( th e  f l u o r e s c e n c e  f o r  lAA; C r o z ie r  e t  a l . ,  1980) E lu a n t

l e a v i n g  t h e  f l u o r i m e t e r  was m ixed w i th  s c i n t i l l a n t  and p a s s e d  th ro u g h  a  400 

s p i r a l  g l a s s  f low  c e l l  i n  an  a d a p te d  ICN T r a c e r l a b  manual s c i n t i l l a t i o n  

s p e c t r o m e te r  ( s e e  Reeve and C r o z i e r ,  1977 ) .  The s c i n t i l l a n t  com prised  lOg
3 3

2 ,5 - d ip h e n y l o x a z o l e ,  330 cm T r i t o n  X-lOO, 670 cm d i s t i l l e d  x y le n e  and 

3150 cm m e th a n o l .  A 3 :1  s c i n t i l l a n t / e l u a n t  r a t i o  was c o m p a t ib le  w i th  a l l  

HPLC m o b ile  p h a se  c o n d i t i o n s  and gave  a c i r c a  65% c o u n t in g  e f f i c i e n c y  f o r  '̂^C 

s o l u t e s .

D uring  a n a l y s i s  o f  u n l a b e l l e d  i n d o le  s t a n d a r d s  t h e  f l u o r e s c e n c e  d e t e c t o r
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F i g ,  5 a 0 HPLC A p p a ra tu s
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Pump A m ix ing  T and 
,pre column
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Column
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Pump B

F lu o r e s c e n c e
S p e c t r o p h o to m e te r

3 Way V alve

M ix ing  T

S c i n t i l l a n t
R e s e r v o i r

S c i n t i l l a n t
Pump

L iq u id
S c i n t i l l a t i o n
S p e c t r o m e te r
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was s u b s t i t u t e d  w i th  a  Pye Unicam LC 871 UV a b s o rb a n c e  d e t e c t o r .

The HPLC column gave 15 ,000  t h e o r e t i c a l  p l a t e s  w i th  an  ODS t e s t  m ix tu re  

c o m p r is in g  b e nzam ide , a c e to p h e n o n e , benzophenone  and b i p h e n y l .  W ith lAA 

t h i s  v a lu e  was c o n s id e r a b l y  lo w e r  ( c i r c a  4 ,0 0 0  p l a t e s ) .  T h is  i s  t h e  r e s u l t  

o f  i o n i s a t i o n  o f  a  p r o p o r t i o n  o f  t h e  m o le c u le s  a t  t h e  s u r f a c e  o f  t h e  

s t a t i o n a r y  p h a s e .

The r e s o l u t i o n  o f  r a d i o a c t i v e  p e a k s  was r e d u c e d  due t o  m ix in g  i n  t h e

c o n n e c t in g  tu b in g  (which was k e p t  t o  a  minimum) and t h e  f l u o r i m e t e r  f lo w  c e l l ,

and a l s o  due t o  t h e  s i z e  o f  t h e  r a d i o a c t i v i t y  m o n i to r  f low  c e l l .  The w id th

o f  t h e  f l u o r e s c e n c e  peak  a t t r i b u t a b l e  t o  lAA, e l u t i n g  i s o c r a t i c a l l y  i n  50%

3 -1m ethano l  a t  a  f low  r a t e  o f  1 cm min was a p p ro x im a te ly  28s compared w i th  

57s f o r  t h e  r a d i o a c t i v e  p e a k .

7. PREPARATION OF DERIVATIVES

(a) T r i m e t h y l s i l y l a t i o n

Samples were d r i e d  t h o r o u g h l y ,  d i s s o l v e d  i n  50 o r  100 p i  JN,0;-bis- 

( t r i m e t h y l s i l y l )  t r i f l u o r o a c e t a m i d e  and h e a t e d  a t  60°C f o r  2h. T h is  

p r o c e d u r e  was shown by  McDougall (1978) t o  g iv e  99% y i e l d  o f  t h e  b i s -  

t r i m e t h y l s i l y l  d e r i v a t i v e  o f  lAA.

(b) M é th y la t io n

Compounds w ere  m e th y la t e d  u s in g  an e t h e r i a l  s o l u t i o n  o f  d iazo m eth an e  

p r e p a r e d . u s i n g  a m o d i f i c a t i o n  o f  t h e  method o f  S ch len k  and G e l le rm an  (1 9 6 0 ) .

A p p ro x im a te ly  0 .5 g  N ^ m e th y l -N ^ n i t ro -p  t o l u e n e  su lphonam ide  was p l a c e d  i n  a

3 3100 cm c o n i c a l  f l a s k  w i th  s i d e  arm a t t a c h m e n t .  To t h i s  was added  10 cm

3 3d i e t h y l  e t h e r ,  1 cm m e th o x y e th a n o l , and 3 cm c o n c e n t r a t e d  p o ta s s iu m

h y d r o x id e .  The f l a s k  was s to p p e r e d  and h e a te d  i n  a  h o t  w a te r  b a t h .  The open

3end o f  t h e  s i d e  arm was p l a c e d  u n d e r  c a . 10 cm d i e t h y l  e t h e r  i n  a  f l a s k  

c o o le d  i n  i c e .  On h e a t i n g  t h e  r e a c t i o n  m ix t u r e ,  d iaz o m eth a n e  gas  and
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d i e t h y l  e t h e r  d i s t i l l e d  o v e r  and  d i s s o l v e d  i n  t h e  c o ld  e t h e r .  When an 

i n t e n s e  y e l lo w  c o lo u r  was o b s e rv e d ,  t h e  s o l u t i o n  was r e a d y  f o r  u s e .
7 3

Samples were d i s s o l v e d  i n  lOO^m m e th a n o l .  A f t e r  a d d i t i o n  o f  0 .5  cm 

o f  d iaz o m eth a n e  s o l u t i o n  t h e y  were s t o r e d  a t  4°C f o r  a t  l e a s t  2h b e f o r e  

b lo w in g  d r y  u n d e r  a s t r e a m . o f  n i t r o g e n .  T h is  m ethod c o n v e r t e d  ^^C-IAA t o  

a  s i n g l e  peak  w hich c o -c h ro m a to g ra p h e d  w i th  lAA-methyl e s t e r  on t h e  HPLC 

column.

8 . COMBINED GAS CHROMATOGRAPHY-MASS SPECTROMETRY

The GC-MS i n s t r u m e n t a t i o n  c o m p r ise d  a s i n g l e  beam, d o u b le  f o c u s in g  

AEI-MS 30 mass s p e c t r o m e te r  c o u p le d  v i a  a s i n g l e  s t a g e  g l a s s  j e t  s e p a r a t o r  

t o  a  Pye 104 gas c h ro m a to g ra p h .  F o r  s e l e c t e d  io n  m o n i to r in g  an AEI M u lt ip e a k  

S e l e c t r o  WF-055 m u l t ip e a k  m o n i to r  a c t e d  a s  an a c c e l e r a t i n g  v o l t a g e  a l t e r n a t o r .  

Up t o  6 i o n s  c o u ld  be  m o n i to re d  a t  one t im e .  The t u n in g  o f  t h e  i n s t r u m e n t  

was checked  u s in g  a p e r f l u o r o k e r o s e n e  s t a n d a r d  which gave a r e f e r e n c e  p eak  

a t  m/ie 181. Gas c h ro m a to g ra p h  and mass s p e c t r o m e te r  o p e r a t i n g  c o n d i t i o n s  a r e  

s t a t e d  s e p a r a t e l y  f o r  each  e x p e r im e n t .

F o r  s e l e c t e d  i o n - m o n i t o r i n g  d e t e c t i o n  o f  lAA t h e  i n s t r u m e n t  was tu n e d  t o  

d e t e c t  io n s  o f  m/e^ 202 , t h e  m ost p ro m in e n t  peak  i n  t h e  mass s p e c t ru m  o f  b i s -  

t r i m e t h y l s i l y l  lAA ( se e  F ig .  6 ) .

9. UV SPECTROPHOTOMETRY

UV a b s o rb a n c e  s p e c t r a  w ere  o b t a i n e d  u s in g  a Unicam SP 8000 UV r e c o r d i n g  

s p e c t r o p h o to m e te r .  Samples were d i s s o l v e d  i n  m e th a n o l ,  p l a c e d  i n  1cm q u a r t z  

c u v e t t e s  and sc an n e d  from  200-450 nm.
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F i g .  6a .  F r a g m e n ta t io n  P a t t e r n  o f  lAA-TMSi

r
m/e 319 Tm’*' J

C H , C O , S i  ( C H , ) ,  - ,

m /e  304 = IVI " C H  3  )

m/e 202 =

S i  ^

(C H 3 I

£ / £  73 = S i  ( C H 3 ) ,

m/e 75 = ( C H j J j  S i =  O H
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10 , SYNTHESIS OF lAA DERIVATIVES

C o n ju g a te s  o f  lAA w i th  g l y c i n e ,  v a l i n e  and a l a n i n e

C o n ju g a te s  o f  lAA w i th  t h e  amino a c i d s  g l y c i n e ,  v a l i n e  and a l a n i n e  w ere

p r e p a r e d  as  f o l l o w s  u s in g  a  m o d i f i c a t i o n  o f  t h e  methods o f  M ollan  et_ al_. (1972)

and H a n g a r te r  ei^ a l . (1 9 8 0 ) ,  The té tram é th y lam m o n iu m  s a l t s  were p r e p a r e d  by 

a d d in g  50 o r  100 mmol o f  e a c h  amino a c i d  t o  25% aqueous  s o l u t i o n s  o f

té t ram é th y la m m o n iu m  h y d r o x id e .  A f t e r  d i s s o l v i n g ,  u s in g  a d d i t i o n a l  w a te r

when n e c e s s a r y ,  t h e  s a l t s  w ere  f r e e z e  d r i e d .  Each compound was t h e n  su s p e n d e d

3
in  d im e th y l  form am ide (5 cm ) and t h e  m ixed  a n h y d r id e s  p r e p a r e d .  lAA (0 .8 8 g )

3was d i s s o l v e d  i n  a  m ix tu r e  o f  t e t r a h y d r o f u r a  n (20  cm ) and t r i e t h y l a m i n e  
3( 0 .7  cm ) and s t i r r e d  i n  a  f l a s k  c o o le d  i n  an i c e  b a t h .  Over a  p e r i o d  o f  30 s ,  

e t h y l  c h lo r o f o r m a t e  ( 0 .4 8  cm ) was added  d ro p w ise  w i th  r a p i d  s t i r r i n g .

S t i r r i n g  was c o n t in u e d  f o r  10 min. The w h i te  p r e c i p i t a t e  was th e n  f i l t e r e d  

o f f  and th e  f i l t r a t e  added  d ro p w ise  t o  t h e  s u s p e n s io n  o f  t h e  amino a c i d  s a l t .

S t i r r i n g  was c o n t in u e d  f o r  2h a t  room t e m p e r a t u r e .

3 3W ate r  (30 cm ) and d i e t h y l  e t h e r  (30 cm ) w ere  added  t o  t h e  r e a c t i o n

m ix t u r e  and t h e  w hole  was s h a k e n .  The e t h e r  l a y e r  was s e p a r a t e d  o f f  and

t h e  aqueous  p h a s e  a c i d i f i e d  t o  pH 5 w i t h  HCl. T h is  was t h e n  e x t r a c t e d  tw ic e

w i th  e t h e r  b e f o r e  f u r t h e r  a c i d i f i c a t i o n  t o  pH 2.

The g l y c i n e  and L - v a l i n e  c o n ju g a t e s  w ere  p r e c i p i t a t e d  on a c i d i f i c a t i o n

t o  pH 2. The L - a l a n i n e  c o n ju g a t e  was o b t a i n e d  by  f r e e z e  d r y in g  t h e  a c i d i f i e d

(pH 2) aqueous  p h a s e .  The r e s i d u e  was d i s s o l v e d  i n  m eth a n o l  o r  e t h y l  a c e t a t e ,

f i l t e r e d  and e v a p o r a t e d  t o  d r y n e s s .  A l l  p r o d u c t s  were a n a ly s e d  by  GC-MS and

found  t o  c o n t a i n  t h e  amino a c i d  c o n ju g a t e  p l u s  some u n r e a c t e d  lAA ( s e e  E x p e r im en t

H .8 ).
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O x i n d o l e ~ 5 - a c e t i c  A cid

T h is  was p r e p a r e d  a c c o r d in g  to  t h e  m ethods o f  Hinman and Bauman (1964) 

and R e in eck e  and B a n d u rsk i  (1 9 8 1 ) .  N -B rom osucc in im ide  (0 .7 1 2  g) was added
3

t o  a s o l u t i o n  o f  lAA ( 0 .7  g) i n  t e r t i a r y  b u t y l  a l c o h o l  (25 cm ) a t  room 

t e m p e r a t u r e  and s t i r r e d .  A f t e r  2h t h e  s o l u t i o n  was c o n c e n t r a t e d  u n d e r  r e d u c e d
3

p r e s s u r e  a t  room t e m p e r a t u r e ,  t o  g iv e  a t h i c k  s y ru p .  W ater (30 cm ) was
3

th e n  added  and t h e  m ix tu r e  e x t r a c t e d  t h r e e  t im e s  w i th  e t h y l  a c e t a t e  (8 cm ) .

The com bined e x t r a c t s  w ere  washed  w i th  s a t u r a t e d  s a l t  s o l u t i o n ,  d r i e d  o v e r  

Na^SO^ and e v a p o r a te d  a t  room t e m p e r a t u r e .  R e s id u a l  e t h y l  a c e t a t e  was

e n t r a i n e d  by  r e p e a t e d  e v a p o r a t i o n  w i th  a c e to n e  v a c u o . The r e s i d u e  was

3 3t a k e n  up i n  a m ix tu r e  o f  a c e to n e  ( 0 .5  cm ) and b e n zen e  (8 cm ) .  T h is  was

l e f t  f o r  2 days a t  -20°C . The r e s u l t i n g  y e l lo w  s o l i d  was f i l t e r e d  and

r e c r y s t a l l i s e d  t w ic e  from  a c e t o n e /b e n z e n e  b e f o r e  d r y in g  i n  a vacuum d e s i c c a t o r .

The i d e n t i t y  o f  t h e  p r o d u c t  was c o n f i rm e d  by  mass s p e c t r o m e t r y  ( s e e

E x p e r im e n t  H .8) .
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RESULTS

T h is  p a r t  o f  t h e  t h e s i s  i s  d i v id e d  i n t o  two s e c t i o n s :

1. An i n v e s t i g a t i o n  o f  t h e  m e ta b o l is m  o f  lAA i n  c o l e o p t i l e  and r o o t

t i s s u e s  o f  da rk -g row n  Zea mays s e e d l i n g s ,

2. A s tu d y  o f  t h e  e f f e c t  o f  exogenous lAA on th e  grow th  o f  t h e s e

t i s s u e s .

The aim o f  th e  f i r s t  s e c t i o n  was t o  a s s e s s  q u a n t i t a t i v e l y  t h e  m e ta b o l i c  

f a t e  o f  exogenous lAA, s u p p l i e d  t o  r o o t  and  c o l e o p t i l e  se g m e n ts .  R e v e rse -  

p h a se  h ig h -p e r fo r m a n c e  l i q u i d  ch rom a tog raphy  combined w i th  a c o n t in u o u s  

r a d i o a c t i v i t y  m o n i to r  was u s e d  f o r  most a n a l y s e s ,  and was compared w i th  t h e  

o l d e r  t e c h n iq u e  o f  t h i n - l a y e r  c h ro m a to g ra p h y .  A num ber o f  m e th o d s ,  

i n c l u d i n g  combined c a p i l l a r y - c o l u m n  gas ch rom atography-m ass  s p e c t r o m e t r y  

were u s e d  t o  o b t a i n  i n f o r m a t io n  on t h e  c h e m ic a l  s t r u c t u r e s  o f  t h e  p r o d u c t s .  

M easurem ents o f  t h e  u p ta k e  o f  lAA and i t s  e f f e c t  on grow th c o n f i rm e d  t h a t  

th e  amount o f  phytohorm one e n t e r i n g  th e  t i s s u e  was com parab le  t o  t h e  

endogenous c o n te n t  and was p h y s i o l o g i c a l l y  a c t i v e .
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SECTION 1 - METABOLISM OF lAA

A. Com parison  o f  S e p a r a t o r y  T e c h n iq u e s  Used i n  t h e  A n a ly s i s  o f  lAA 

M e ta b o l i t e s  i n  P l a n t  E x t r a c t s

T r a d i t i o n a l l y ,  t h e  t e c h n i q u e s  o f  t h i n - l a y e r  and p a p e r  c h ro m a to g ra p h y  

have  b een  u s e d  e x t e n s i v e l y  i n  t h e  s e p a r a t i o n  and c h a r a c t e r i s a t i o n  o f  lAA 

m e t a b o l i t e s  ( e . g .  T u l i  and Moyed, 1967; D a v ie s ,  1972; E p s t e i n  and Lavee, 

1977b; Magnus e ^  a i . ,  1982) .  R e c e n t ly  v a r i o u s  forms o f  h ig h - p e r f o r m a n c e  

l i q u i d  ch ro m a to g ra p h y  (HPLC) h av e  b e e n  u s e d  to  a n a ly s e  phy toho rm ones  i n  

p l a n t  e x t r a c t s  ( e . g .  D urley  and K a n n a n g a ra ,  1976; C r o z i e r  and  R eeve , 1977; 

S w ee tse r  and  S w a r t z f a g e r ,  19 78) and a l s o  t o  p u r i f y  t h e i r  m e t a b o l i t e s  ( e . g .  

Summons e t  , 1980; and R e in eck e  and B a n d u r s k i ,  198 1 ) .  HPLC h a s  t h e  

a d v a n ta g e  o f  p o t e n t i a l l y  much g r e a t e r  r e s o l u t i o n  t h a n  t h i n - l a y e r  o r  p a p e r  

c h ro m a to g ra p h y .  The f o l l o w i n g  t h r e e  e x p e r im e n t s  i l l u s t r a t e  t h e  u s e f u l n e s s  

o f  a  r e v e r s e - p h a s e  HPLC sy s te m  i n  t h e  s e p a r a t i o n  o f  lAA m e ta b o l i te s ^  when 

compared w i th  t h i n - l a y e r  ch ro m a to g ra p h y  (TLC).

A. 1 TLC A n a ly s i s  o f  lAA M e ta b o l i t e s

M e th a n o l ic  e x t r a c t s  c o n t a i n i n g  t h e  p r o d u c t s  o f  ^'^C-IAA m e ta b o l is m  were 

p r e p a r e d  from  g ro u p s  o f  50 r o o t  segm en ts  w hich  h a d  been  i n c u b a t e d  i n  aqueous 

s o l u t i o n s  o f  IAA-2-^^C (10 ^mol m ^) f o r  2h i n  d a r k n e s s .  A f t e r  d r y in g  in  

vacuo  and r e d i s s o l v i n g  i n  a  s m a l l  volume o f  m e th a n o l ,  e x t r a c t s  w ere  s p o t t e d  

o n to  s i l i c a  g e l  TLC p l a t e s  and d e v e lo p e d  i n  t h r e e  d i f f e r e n t  s o l v e n t  s y s te m s :

1. M ethy l a c e t a t e  : p r o p a n - 2 - o l  : 25% ammonia (45 : 35 : 20 v /v )

2 . C h lo ro fo rm  : m e th a n o l  : a c e t i c  a c i d  (75 : 20 : 5 v /v )

3. C h lo ro fo rm  : e t h y l  a c e t a t e  : 90% f o rm ic  a c i d  (35 : 55 : 10 v /v )

The p o s i t i o n s  o f  r a d i o a c t i v e  compounds were d e t e c t e d  u s in g  a t h i n -

l a y e r  r a d io c h ro m a to g ra m  s c a n n e r  ( F ig .  7 ) .  The num ber o f  d i s t i n c t  p e a k s  

v a r i e d  from  two t o  f i v e  a c c o r d in g  to  t h e  s o l v e n t  sy s te m . The m ost
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p r o m in e n t  peak  a lw ays h a d  th e  same R£ v a lu e  as lAA,

A. 2 HPLC A n a ly s i s  o f  lAA M e ta b o l i t e s

E x t r a c t s  were p r e p a r e d  i n  t h e  same m anner ,  from  r o o t  segm en ts  which

had  b e e n  in c u b a t e d  w i th  ÏAA-2-^^C [ lO '^ m o l  m f o r  2h, S am p les ,

3d i s s o l v e d  i n  100 mm o f  10% m e th a n o l  i n  ammonium a c e t a t e  b u f f e r  (pH 3 . 5 ,

20 mol m , w ere  i n j e c t e d  o n to  t h e  r e v e r s e - p h a s e  HPLC column, A s o l v e n t

g r a d i e n t  o f  10 t o  60% m e th a n o l  was ru n  o v e r  30 min. F ig .  8 shows th e

p r o f i l e  o f  r a d i o a c t i v e  p e a k s  e l u t i n g  from  t h e  column ( t y p i c a l  r e s u l t  from

6 r e p l i c a t e  e x p e r i m e n t s ) . A l a r g e  p eak  w i t h  a  r e t e n t i o n  t im e  i d e n t i c a l

t o  t h a t  o f  lAA was a p p a r e n t ,  t o g e t h e r  w i th  a t  l e a s t  11 m e t a b o l i t e  p e a k s

a l l  e l u t i n g  b e f o r e  lAA. When s i x  i d e n t i c a l  e x t r a c t s  were a n a ly s e d  d u r in g

a  s i n g l e  day t h e s e  12 p e a k s  were c o n s i s t e n t l y  p r e s e n t  and t h e  v a r i a t i o n  i n

r e t e n t i o n  t im e  o f  each  p e a k  was s m a l l  (T a b le  5) g i v in g  a s t r o n g  i n d i c a t i o n

t h a t  t h e  same compounds were c o n s i s t e n t l y  p r e s e n t .  The m e t a b o l i t e  p e a k s

shown i n  F ig .  8 were t h u s  l a b e l l e d  1 t o  11 f o r  i d e n t i f i c a t i o n .  In  o r d e r

t o  a c h ie v e  an o b j e c t i v e  c o m p a r iso n  o f  e x t r a c t s  from  d i f f e r e n t  e x p e r i m e n t s ,

i n  th e  a b sen c e  o f  d e f i n i t i v e  i d e n t i f i c a t i o n  o f  compounds, sam p les  from  r o o t s  

-3  - 3in c u b a t e d  i n  10 mol m lAA f o r  2h w ere  u s e d  as s t a n d a r d s  f o r  num bering  

o f  p eak s  t h ro u g h o u t  t h e  t h e s i s .  Peaks  7 and 8 , and 1 and 2 e l u t e d  c lo s e  

t o g e t h e r  and were n o t  a lw ays  r e s o l v e d .  When t h i s  was t h e  c a se  t h e  p e a k s  

were l a b e l l e d  7 /8  and 1 /2 .

A .3 Use o f  HPLC and TLC i n  a P r e p a r a t i v e  Mode

A lth o u g h  th e  column u s e d  f o r  HPLC was o f  a  na rrow  b o r e  i t  c o u ld  be  

u se d  i n  a  p r e p a r a t i v e  mode t o  p u r i f y  m e t a b o l i t e  p e a k s .  Sam ples o f  p e a k s  

4-11 and lAA were c o l l e c t e d  a f t e r  s e p a r a t i o n  on t h e  colum n, d r i e d  and 

re c h ro m a to g ra p h e d .  Peaks  7, 8 , 9 ,  10 and lAA re m a in e d  unchanged  (T a b le  6 ) .

Peaks 4 and 5 a p p e a re d  to. b e  i n t e r c o n v e r t e d ,  w h i l e  a  p r o p o r t i o n ’ o f  r a d i o a c t i v i t y  

f rom  peak  .6 a p p e a re d  w i th  t h e  r e t e n t i o n  t im e  o f  p e a k  7. Som e-of p e a k  11 was 

c o n v e r t e d  t o  a  new p r o d u c t .
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Retention Time (min)

F ig .  8 . HPLC A n a ly s i s  o f  a  Zea mays r o o t  e x t r a c t  c o n t a i n i n g  m e t a b o l i t e s
-----------       ;--------T3--------- 13-------

o f  IAA-2- C. Root segm en ts  w ere  i n c u b a t e d  i n  10 mol m
^^C-IAA f o r  2h and e x t r a c t e d  i n  m e th a n o l .  Tne t r a c e  r e p r e s e n t s
a  t y p i c a l  r e s u l t  from  6 r e p l i c a t e  e x p e r im e n t s .  S g lv e n J  g r a d i e n t
10-60% m eth a n o l  o v e r  30 m in. Flow r a t e  : 0 .7 5  cm min
D e t e c t o r  : homogeneous r a d i o a c t i v i t y  m o n i to r ;  30 cps f u l l  s c a l e
d e f l e c t i o n ;  10s t im e  c o n s t a n t .



6 3

pf•H

W
<D
■P
•H
iH
O

rQ
nJ
p
d)
a

CJ
r—1

U)
m

■H
PPJ
0>
(/)
d)
U
p . X
d> td
A 13
(/) 0
cd
d> w
PL

0
0 rP
> P

•H
P Pi
Ü o
(d
o Id

0
rCi
A

H Cd
p

tH bJO
O o

p
1—\ (d
P a

o
p

- s
w
d)
a 0

•H P
P O

o
Pi p
O

•H (/)
P %
P cd
0 a
P
0 cd
P 0

N
P

•H tp
O

a
o 0

•H P
p Ü
cd 0

•H P
H P
0 k

> 0

• •

LO

0
rH

- i

13
P
0

"0 00 O <N 00 CM LO CM VO I t LO to
S  , o rH rH rH rH rH rH rH rH r—1 rH rH
0  P
P  o o O O O O O O o O O o O
W P

P +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
+1 d)

o rH O 00 CM LO rH 00 LO Ch ' t VO
0
0 \o tH CM LO O to LO rH

M rH rH rH rH rH rH CM CM CM to

o 00 VO to 00 CM vO VO CM N rH LO
\ o

LO VO O (N to LO VO O to LO pH
rH rH tH rH rH rH CM CM CM to

(N CN O VO O to o td- 00 CM i t
LO

VO 1—1 CM I t LO o to LO rH
iH rH rH rH rH tH CM CM CM to

0
00 00 00 rH to O vO I t 00 CM LO

P  I t
LO VO O CM I t LO O to LO rH

0 rH rH rH rH rH 1—[ CM CM CM to
Ü

•H

. iH

P 4 ^ CM o O O to 00 VO rH ' t O CM

0 VO rH CM ' t LO VO O to LO rH

Pi
l-t rH rH rH rH tH CM CM CM to

o CM I t CM 00 00 "t CM o to 00 rH
CM

\D hv rH to ' t LO 00 pH I t LO CM
rH rH rH rH tH rH CM CM CM to

r>. ■0* CM I t O l VO CM O to 00 rH
rH

LO s . 1—4 to I t LO l> . 00 rH - t LO CM
rH rH rH rH rH rH CM CM CM to

O
%

iH CM to ' t LO VO 00 CTi pH
tH

0 IH
04



64

Table 6 : D egradation o f  lAA and i t s  m eta b o lite s  during p rep arative

p u r i f i c a t i o n  b y  HPLC. Peaks 7 and 8 were n o t  c o m p le te ly  

r e s o l v e d  and h a d  t o  be  c o l l e c t e d  t o g e t h e r .

Peak No I n i t i a l  
on HPLC (min)

T|^ d u r in g  r e  c h rom a tog raphy  a f t e r  
p u r i f i c a t i o n  b y  HPLC (min)

4 9 .9 9 . 4  (44%) + 11 .1  (56%)

5 11 .2 9 , 8  (28%) + 11 ,2  (72%)

6 12 .6 1 2 ,4  (56%) + 14 ,0  (44%)

7 /8 14 .2  + 15 14 .4  + 15 ,1

9 17 ,8 18.1

10 18 ,5* 18 .7*

11 24 2 4 .6  (69%) + 2 5 .6  (31%)

lAA 30 2 9 .6

* Peak 10 was a n a ly s e d  on a  s e p a r a t e  day
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On t h e  o t h e r  h a n d ,  TLC was fou n d  t o  c a u se  s u b s t a n t i a l  sam ple  

d e g r a d a t i o n .  I n d i v i d u a l  pealcs , c o l l e c t e d  from  t h e  l i q u i d  c h ro m a to g rap h  

were lo a d e d  o n to  s i l i c a  g e l  TLC p l a t e s , w h i c h  were t h e n  d e v e lo p e d  i n  

c h lo r o f o rm  : e t h y l  a c e t a t e  ; 90% f o rm ic  a c i d  (35 : 55 : 10 v / v ) . Zones

o f  r a d i o a c t i v i t y  were c o l l e c t e d  and e l u t e d , a n d  th e  compounds r e c h r o m a to g ra p h e d  

on th e  HPLC, In  each  c a se  a t  l e a s t  some d e g r a d a t i o n  h a d  o c c u r r e d .  Peaks 

4 , 10 and lAA h a d  u n d e rg o n e  a s m a l l  amount o f  b reakdow n , w h i l e  p e a k s  5 ,  6 ,

7 , 8 and 9 a p p e a re d  t o  have  changed  c o m p le te ly .  Peak 11 was n o t  a n a ly s e d .

A. C o n c lu s io n s

The r e s o l v i n g  pow er o f  HPLC i s  o f  c o n s i d e r a b l e  v a lu e  i n  s e p a r a t i n g  th e

l a r g e  num ber o f  lAA m e t a b o l i t e s  p r e s e n t  i n  m eth a n o l  e x t r a c t s  o f  Zea mays

r o o t  segm en ts  w hich h a d  been  i n c u b a t e d  i n  IAA-2-^^C. A lthough  i t  i s  p o s s i b l e

t h a t  a  s i n g l e  pealc on th e  HPLC t r a c e  m ig h t  r e p r e s e n t  more t h a n  one compound,

TLC was c l e a r l y  u n a b le  t o  s e p a r a t e  i n d i v i d u a l  m e t a b o l i t e s .  F u r th e r m o r e ,

w h i le  d e g r a d a t i o n  o f  compounds o c c u r r e d  d u r in g  TLC s e p a r a t i o n ,  m ost

m e t a b o l i t e s  c o u ld  be  r e c o v e r e d  unch an g ed  from  th e  HPLC column ( d e g r a d a t i o n  

o f  m e t a b o l i t e s  d u r in g  T L C ,a n a l y s i s  m ig h t  be r e d u c e d  i n  o t h e r  s o l v e n t

sy s te m s  ) ,  The r e v e r s e - p h a s e  HPLC column was i d e a l - a s  a l l  t h e  m e t a b o l i t e s

a p p e a r e d  t o  be more p o l a r  t h a n  lAA.
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B. Q u a n t i t a t i v e  F a te  o f  IAA-2-^^C S u p p l i e d  t o  Zea mays Root Segments

In  t h e  p a s t ,  m e t a b o l i t e s  o f  lAA w hich  w ere  a n a ly s e d  som etim es 

r e p r e s e n t e d  o n ly  a s m a l l  f r a c t i o n  o f  t h e  lAA s u p p l i e d  t o  t h e  t i s s u e  ( e . g .  

T u l i  and Moyed, 1967; Magnus e t  a l . ,  1 9 7 1 ) .  The aim o f  t h i s  s tu d y  was 

t o  q u a n t i f y  th e  amount o f  lAA m e t a b o l i s e d  and t o  r e c o r d  t h e  r e l a t i v e  

p r o d u c t i o n  o f  t h e  whole  s p e c t r u m  o f  IAA-2-^^C m e t a b o l i t e s  p ro d u c e d  by  

Zea mays r o o t  se g m e n ts .  C o n t r o l  e x p e r im e n t s  were d e s ig n e d  t o  c o n f i rm  t h a t  

t h e  r e a c t i o n s  were c a r r i e d  o u t  by  t h e  l i v i n g  p l a n t  c e l l s  and t o  a s s e s s  t h e  

e f f e c t  o f  e x p e r i m e n t a l  c o n d i t i o n s  on t h e  m e ta b o l i s m  p a t t e r n .  To answ er  

t h e  p o s s i b i l i t y  t h a t  t h e  compounds m ig h t  r e p r e s e n t  p r o d u c t s  o f  a 

d e t o x i f i c a t i o n  p r o c e s s  u n r e l a t e d  t o  t h e  n o rm a l  pa thw ays  o f  endogenous lAA 

m e ta b o l i s m ,  t h e  amount o f  lAA t a k e n  up by  th e  r o o t s  was com pared w i th  

p u b l i s h e d  m easu rem en ts  o f  endogenous  q u a n t i t i e s  (B r id g e s  , 1973).

The e f f e c t  o f  v a r y i n g  t h e  amount o f  lAA s u p p l i e d ,  on t h e  p a t t e r n  o f  

m e ta b o l is m  was a l s o  s t u d i e d .

B . l  M e ta b o l ism  o f  IAA-2-^^C by Root Segm ents d u r in g  a  2h I n c u b a t io n  P e r io d

Groups o f  50 r o o t  segm en ts  from  3 t o  4 - d a y - o l d ,  d a rk -g ro w n  Zea mays 

s e e d l i n g s ,w e r e  i n c u b a t e d  i n  aqueous s o l u t i o n s  o f  IAA-2-^^C (10 ^ mol m ^ ;

2h ; d a r k n e s s ) .  A l l  m a n i p u la t i o n s  o f  p l a n t  m a t e r i a l  were c a r r i e d  o u t  u n d e r  

dim g re e n  l i g h t .  A f t e r  f o l l o w i n g  t h e  w a sh in g  p r o c e d u r e ,  t h e  t i s s u e  was 

e x t r a c t e d  o v e r n i g h t  W ith .m e th a n o l  and  sam p les  p r e p a r e d  f o r  HPLC a n a l y s i s .  

When th e  column was r o u t i n e l y  c l e a n e d  w i th  t e t r a h y d r o f u r a n ,  i t  was p o s s i b l e  

t o  a n a ly s e  r e l a t i v e l y  c ru d e  e x t r a c t s ,  t h e r e b y  e l i m i n a t i n g  t h e  n e e d  f o r  

l e n g t h y  p u r i f i c a t i o n  p r o c e d u r e s ,  d u r in g  w hich  p r o d u c t s  m ig h t  be l o s t .
3

Root e x t r a c t s  were s im p ly  f i l t e r e d ,  d r i e d  i n  v a c u o , r e d i s s o l v e d  i n  1 cm 

m e th a n o l  and c e n t r i f u g e d  a t  10 ,000  x g (m ethod 1 ) .  Samples w ere  s t o r e d  

a t-1 5 * C  i n  t h i s  form  u n t i l  r e q u i r e d .  P r i o r  t o  a n a l y s i s ,  e a ch  sam ple  was
3

d r i e d  u n d e r  a s t r e a m  o f  and r e d i s s o l v e d  i n  100 mm o f  10% m e th a n o l  i n
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"3ammonium a c e t a t e  b u f f e r  (pH 3 . 5 ,  20 mol m ) .  The a v e ra g e  d ry  w e ig h t  o f  

an e x t r a c t  p r e p a r e d  i n  t h i s  m anner was 2 5 .4  mg. A l i q u o t s  f o r  m e a s u r in g  

r a d i o a c t i v i t y  were t a k e n  from  e x t r a c t s  a t  two s t a g e s :  a f t e r  f i l t r a t i o n

and a f t e r  d r y in g  i n  v a c u o . S u b s t a n t i a l  and v a r i a b l e  l o s s e s  (up t o  36% 

o f  t h e  s a m p le ;  T a b le  7) o c c u r r e d  d u r in g  d r y in g  i n  v a c u o . L arge  l o s s e s  a t  

t h i s  s t a g e  were a l s o  n o t e d  b y  Mann and J a w o r s k i  (1 9 7 0 ) .  The am ounts o f  

r a d i o a c t i v i t y  l o s t  d u r in g  d r y in g  u n d e r  and  r e d i s s o l v i n g  i n  100 m m ^ 10% 

m e th a n o l  i n  b u f f e r ,  and a l s o  due t o  c e n t r i f u g a t i o n ,  were s m a l l .  R a d i o a c t i v i t y  

p r e s e n t  i n  t h e  i n c u b a t i n g  s o l u t i o n s  a t  t h e  end  o f  t h e  e x p e r i m e n t ,  and  i n  t h e  

w a sh in g s  was a l s o  m ea su red  b y  c o u n t in g  a l i q u o t s .  The amount o f  l a b e l  

r e m a in in g  i n  t h e  r o o t s  a f t e r  m e th a n o l  e x t r a c t i o n  was a s s e s s e d  b y  c o m b u s t in g  

t h e  t i s s u e  i n  a  sam ple  o x i d i s e r  and  c o u n t in g  th e  ^^^^2 t r a p p e d  by p h e n y l -  

e th y l a m i n e .

The f a t e  o f  IAA-2-^^C s u p p l i e d  t o  t h e  r o o t  segm en ts  i s  p r e s e n t e d  i n  

T a b le  7 (colum n 1 ) .  An a v e ra g e  o f  31% o f  t h e  r a d i o a c t i v i t y  s u p p l i e d  

(44 -45  Bq se g m e n t"^ )  was t a k e n  i n t o  t h e  t i s s u e .  M ethano l e x t r a c t i o n  rem oved 

93% o f  t h e  from  t h e  r o o t s  ( s i m i l a r  e x t r a c t i o n  e f f i c i e n c i e s  w ere  fo u n d  i n  

a l l  s u b s e q u e n t  e x p e r i m e n t s ) , .L osses  o f  r a d i o a c t i v i t y  d u r in g  i n c u b a t i o n  

w ere s m a l l  (4.2% on a v e r a g e ) .

F ig .  9 shows t h e  p r o f i l e  o f  r a d i o a c t i v e  compounds e l u t i n g  from  t h e  

HPLC column d u r in g  t h e  a n a l y s i s  o f  a  t y p i c a l  m e t h a n e l i e  r o o t  e x t r a c t .

Twelve p e a k s  were c o n s i s t e n t l y  p r e s e n t  (T a b le  8) ,  The l a r g e s t  i n  each  c a s e  

C O -c h ro m a to g ra p h e d  w i t h  lAA and a lso ,  p r o d u c e d  a  f l u o r e s c e n c e  p e a k  when t h e  

e x c i t a t i o n  and e m is s io n  w a v e le n g th s  o f  t h e  f l u o r e s c e n c e  s p e c t r o p h o to m e t e r  

were s e t  a t  280 and 350 nm r e s p e c t i v e l y .  F u r t h e r  e v id e n c e  f o r  t h e  i d e n t i t y  

o f  t h i s  peak  i s  p r e s e n t e d  i n  e x p e r im e n t  H. A f t e r  2h i n c u b a t i o n ,  an  a v e ra g e  

o f  46%.o f  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  t h e  m e th a n o l  e x t r a c t s  r e m a in e d  

a s s o c i a t e d  w i t h  t h e  lAA p e a k  ( c a l c u l a t e d  from  t h e  p eak  i n t e g r a t o r  on  t h e  

c h a r t  r e c o r d e r ) . E le v en  m e t a b o l i t e  p e a k s  were p r e s e n t  i n  e a ch  r e p l i c a t e  

and were numbered for identification  as d e s c r i b e d  in  e x p e r im e n t  A .2, The 

l a r g e s t  was a lw ays p e a k  10 , which a c c o u n te d  f o r  a  mean o f  25% o f  t h e  r a d i o -
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a c t i v i t y  i n  each  sam p le .  The r e l a t i v e  p rom inence  o f  t h e  o t h e r  peaks  

v a r i e d .

Samples o f  t h e  i n c u b a t i n g  s o l u t i o n  were a l s o  a n a ly s e d  t o  d e te rm in e  

t h e  amount o f  lAA breakdow n o c c u r r i n g  d u r in g  t h e  e x p e r im e n t .  S o l u t i o n s
3

were d r i e d  i n  vacuo and t a k e n  up i n  1 cm o f  m e th a n o l .  B e fo re  a n a l y s i s
3

th e y  were d r i e d  a g a in  u n d e r  a  s t r e a m  o f  and r e d i s s o l v e d  i n  100 mm o f  10% 

m eth a n o l  i n  ammonium a c e t a t e  b u f f e r  (pH 3 .5 ,  20 mol m . An a v e ra g e  o f  

96% o f  r a d i o a c t i v i t y  rem a in e d  a s s o c i a t e d  w i th  t h e  lAA peak  (T a b le  8 , F ig .  10) 

i n d i c a t i n g  t h a t  v e ry  l i t t l e  d e g r a d a t i o n  h a d  t a k e n  p l a c e .

lAA Breakdown d u r in g  Sample P r e p a r a t i o n

T hree  c o n t r o l  e x p e r im e n ts  were c a r r i e d  o u t  t o  c o n f i rm  t h a t  t h e  compounds 

o b t a i n e d  were i n  f a c t  p r o d u c t s  o f  lAA m e ta b o l is m  by t h e  p l a n t  t i s s u e .  To 

t e s t  w h e th e r  any breakdow n o f  lAA was o c c u r r i n g  d u r in g  t h e  p r e p a r a t i o n  o f  

e x t r a c t s ,  s i x  g roups  o f  50 r o o t  segm en ts  were e x t r a c t e d  i n  m e th a n o l ,  a l i q u o t s  

o f  IAA-2-^^C were added and sam ples  p r o c e s s e d  f o r  HPLC a n a l y s i s .  Samples 

1-3  were p r e p a r e d  a c c o r d in g  t o  method 1^w h i le  Sep-pak  C^g c a r t r i d g e s  (method 2) 

w ere u s e d  t o  p u r i f y  sam ples  4 - 6 .  T y p ic a l  HPLC t r a c e s  from  each  group  a re  

p r e s e n t e d  i n  F ig .  11. The amount o f  b reakdow n i n  sam ples  1-3 was n e g l i g i b l e  

a l th o u g h  a s m a l l  amount o f  peak  10 was o b s e rv e d  i n  sam p les  4 -6 .  L osses  o f  

r a d i o a c t i v i t y  d u r in g  sam ple  p r e p a r a t i o n  v a r i e d  be tw een  17 and 33% (T ab le  9) 

and were s i m i l a r  t o  t h o s e  f o r  e x t r a c t s  c o n t a i n i n g  m e t a b o l i t e s  o f  IAA-2-^^C.

M etabo lism  o f  lAA by K i l l e d  Root Segments

Groups o f  50 r o o t  segm en ts  w hich h a d  been  b o i l e d  f o r  2min were i n c u b a t e d  

f o r  2h i n  aqueous s o l u t i o n s  o f  IAA-2-^^C (10"^  mol m "^). A f t e r  f o l l o w in g  

th e  w ash ing  p r o c e d u r e , t h e  t i s s u e  was e x t r a c t e d  w i th  m e th a n o l  a n d -sa m p le s  

p r e p a r e d  f o r  HPLC a n a l y s i s  u s in g  m ethod 1. No m e ta b o lism  o f  lAA was a p p a re n t  

( F ig .  12; T a b le  8) .  A s i n g l e  r a d i o a c t i v e  peak  w i th  t h e  same r e t e n t i o n  t im e  

as lAA was p r e s e n t  and c o in c i d e d  w i th  a  peak  f o r  f l u o r e s c e n c e .
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f . s . d . = 1 0 0 c p s

( I I A A

LJ

"ID

R e t e n t i o n  T i m e  ( m i n )

F ig .  1 0 . HPLC a n a l y s i s  o f  r a d i o a c t i v e  compounds r e m a in in g  i n  t h e  
■ b a t h i n g  s o l u t i o n  a f t e r  a  2h i n c u b a t i o n  o f  r o o t  segm ents

i n  an aqueous s o l u t i o n  o f  
t r a c e  r e p r e s e n t s  a  t y p i c a l  r e s u l t  from  3 r e p l i c a t e  
e x p e r im e n t s .  S o lv e n t  g r a d i e n t  : W-60%  m e th a n o l  o v e r  
30 m in. Flow r a t e  : 0 .7 5  cm min" . D e t e c t o r  : homogeneous 
r a d i o a c t i v i t y  m o n i t o r ;  30 cps f u l l  s c a l e  d e f l e c t i o n ;
10s t im e  c o n s t a n t .

The



lAA

W

TD

cr

Retention Time (min)

p i g .  11. C o n t r o l  e x p e r im e n t  t o  t e s t  ' f o r  lAA d e g r a d a t i o n  d u r in g  sa m p le  
p r e p a r a t i o n .  IAA-2-^ C was added  t o  m e t h a n o i i c  r o o t  e x t r a c t s  
and  sam p les  p r e p a r e d  f o r  HPLC a n a l y s i s .  (a )  E x t r a c t s  p r e p a r e d  
by  f i l t r a t i o n  and d r y in g  i n  vacuo  (method 1 ) .  (b) Samples
p u r i f i e d  u s i n g  S ep -pak  Cj^g c a r t r i d g e s  (m ethod 2 ) .  Each, t r a c e  
r e p r e s e n t s  a  t y p i c a l  r e s u l t  f rom  3 e x t r a c t s .  S o lv e n t  g r a d i e n t  
10-60% m eth a n o l  o v e r  20 m in . Flow r a t e  : 1 cm m in” .
D e t e c t o r  ; homogeneous r a d i o a c t i v i t y  m o n i to r ;  30 cps f u l l  s c a l e  
d e f l e c t i o n ;  10s txme c o n s t a n t .
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Table 9 : Loss o f  IAA-2-^^C during p rep aration  o f  co n tro l roo t e x tr a c ts

f o r  HPLC a n a l y s i s . Samples 1 -3  were f i l t e r e d ,  d r i e d  i n  v a c u o ,

3r e  d i s s o l v e d  i n  1 cm m e th a n o l  and  c e n t r i f u g e d  (m ethod 1) w h i le  

sam p les  4-6  were p u r i f i e d  u s in g  Sep -pak  C^g c a r t r i d g e s  (m ethod 2)

REPLICATE 1 2 3 4 5. 6

1 , I n i t i a l  r a d i o a c t i v i t y  

i n  e x t r a c t  (Bq)
1180 1150 1100 759 859 821

2 , R a d i o a c t i v i t y  i n  e x t r a c t  

a f t e r  p r e p a r a t i o n  f o r  

HPLC a n a l y s i s  (Bq)

784 885 849 500 614 679

3, 2 e x p r e s s e d  as a  

p e r c e n ta g e  o f  1
67% 77% 76% 66% 71% 83%
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u

q :

R e t e n t i o n  T i m e  ( m i n )

P ig .  12. M e tabo lism  o f  IAA-2- C by  b o i l e d  r o o t  segm en ts  (2h i n c u b a t i o n ) .
The t r a c e  r e p r e s e n t s  a  t y p i c a l  r e s u l t  from  4 r e p l i c a t e  e x p e r im e n ts  
S o l v e n t , g r a d i e n t  : 10-60% m eth a n o l  o v e r  30 m in . Flow r a t e  :
0 .7 5  cm min" . D e t e c t o r  : homogeneous r a d i o a c t i v i t y  m o n i to r ;
30 cps f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .
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E f f i c i e n c i e s  o f  e x t r a c t i o n  and p r e p a r a t i o n  p r o c e d u r e s  w ere  com parab le  

t o  t h o s e  f o r  l i v i n g  t i s s u e  a l th o u g h  u p ta k e  o f  r a d i o a c t i v i t y  was r e d u c e d  t o  

c i r c a  10% (T ab le  7 ) .

B.2 M etabo lism  o f  lAA by S t e r i l e  Roots

L ibbert , .  e t  a l  (  19661 d e m o n s t r a te d  t h a t  s u r f a c e  b a c t e r i a  a r e  o f t e n  c a p a b le  o f  

l a r g e - s c a l e  p r o d u c t i o n  o f  lAA. Much o f  t h e  e a r l i e r  r e s e a r c h  on th e  

b i o s y n t h e s i s  o f  lAA i n  h i g h e r  p l a n t s  i s  o f  q u e s t i o n a b l e  s i g n i f i c a n c e  b e c a u s e  

a c c o u n t  was n o t  t a k e n  o f  t h e  c o n t r i b u t i o n  o f  e p i p h y t i c  m ic ro o rg a n is m s .

On t h e  o t h e r  h a n d ,  L i b b e r t  and R isc h e  (1969) have  p u b l i s h e d  r e s u l t s  

i n d i c a t i n g  t h a t  d e g r a d a t i o n  o f  lAA by b a c t e r i a  on p e a  p l a n t s  i s  n e g l i g i b l e .

To c o n f i rm  t h a t  t h e  m e ta b o l ism  o f  lAA by  Zea mays s e e d l i n g s  o b s e rv e d  in  

p r e v i o u s  e x p e r im e n ts  was i n  f a c t  due t o  p l a n t  c e l l s ,  t h e  f a t e  o f  IAA-2 -^^C 

s u p p l i e d  t o  s t e r i l e  r o o t s  was s t u d i e d .

S t e r i l e  p l a n t s  were grown i n  g ro u p s  o f  10 i n  g l a s s  p e t r i d i s h e s .  Roots

from each  d i s h  were i n c u b a t e d  i n  IAA-2-^^C (3;m^ o f  10 ^ mol m ^) f o r  2h ,

washed and e x t r a c t e d  s e p a r a t e l y .  The s t e r i l i t y  o f  p l a n t s  i n  each  d i s h  was 

t e s t e d  by  i n c u b a t i n g  p o r t i o n s  o f  r o o t  f o r  2 weeks on p o t a t o  d e x t r o s e  a g a r  

and n u t r i e n t  a g a r .  E x t r a c t s  from  p l a n t s  f o r  w hich t e s t s  f o r  f u n g a l  and 

b a c t e r i a l  c o n ta m in a t io n  p ro v e d  n e g a t i v e  were t h e n  com bined , and sam ples  

p r e p a r e d  f o r  HPLC a n a l y s i s  a c c o r d in g  t o  m e th o d s .1 o r  2 .

The m e ta b o lism  p a t t e r a  o b s e rv e d  i n  t h r e e  r e p l i c a t e  e x p e r im e n ts  ( F ig .  13;

T a b le  8 ) was c l o s e l y  s i m i l a r  t o  t h a t  f o r  n o n - s t e r i l e  r o o t s .  The m a j o r i t y  

o f  p eak s  1 t o  11 were p r e s e n t  i n  each  c a s e ,  s t r o n g l y  i n d i c a t i n g  t h a t  

m e ta b o l ism  o f  lAA was t a k i n g  p l a c e  in .  t h e  p l a n t  t i s s u e .  The amount o f  

lAA re m a in in g  i n  t h e  e x t r a c t s  was r e d u c e d  (an  a v e ra g e  o f  12% compared w i th  

31% f o r  n o n - s t e r i l e  r o o t  segm en ts  c u t  i n  t h e  l i g h t ) .  U p ta k e ,  e x t r a c t i o n  

e f f i c i e n c e s  and l o s s e s  o f  r a d i o a c t i v i t y  were a l l  s i m i l a r  t o  t h o s e  i n  

e x p e r im e n ts  w i th  n o n - s t e r i l e  t i s s u e  (T a b le  7 ) .
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lAA

W

Retention Time (mi

F ig .  13. M e ta b o l ism  o f  IAA-2- C by  s t e r i l e  r o o t  se g m e n ts  (2h
i n c u b a t i o n ) . The t r a c e  r e p r e s e n t s  a  t y p i c a l  r e s u l t  
f rom  3 r e p l i c a t e  e x p e r i m e n t s .  S u i v e n t  g r a d i e n t  
10-60% m e th a n o l  o v e r  30 m in . Flow r a t e  : 0 .7 5  cm min 
D e t e c t o r  ; homogeneous r a d i o a c t i v i t y  m o n i to r ;  30 cps 
f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .

-1
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B .3  E f f e c t  o f  Ex p o su re  t o  L ig h t  on t h e  M etabo lism  o f  lAA by  Zea mays

Root Segments

Root segm ents  f o r  s t e r i l e  e x p e r i m e n t s ,  and f o r  p r e p a r a t i o n  o f  l a r g e -  

s c a l e  e x t r a c t s ,  were c u t  i n  t h e  l a b o r a t o r y .  The e f f e c t  o f  e x p o s u re  t o  l i g h t  

on th e  m e ta b o l is m  o f  lAA was t h e r e f o r e  s t u d i e d .

-3  —3Groups o f  50 r o o t  segm en ts  w ere  i n c u b a t e d  i n  aqueous lAA (10 mol m ) 

f o r  2h. P l a n t  m a t e r i a l  was b o th  grown and in c u b a t e d  i n  d a r k n e s s ,  b u t  

s e c t i o n  c u t t i n g  was p e r fo rm e d  i n  t h e  l a b o r a t o r y .

A n a ly s i s  o f  m e th a n o i i c  e x t r a c t s ,  p r e p a r e d  u s in g  m ethod 1, r e v e a l e d  a 

p a t t e r n  o f  m e ta b o lism  c l o s e l y  s i m i l a r  t o  t h a t  o b t a i n e d  i n  e x p e r im e n t  B . l  

w i th  r o o t  segm ents  c u t  u n d e r  dim g re e n  l i g h t  (T ab le  8 ; compare F ig s .  8 and 9 ) .  

The same peaks  were p r e s e n t  i n  e a ch  o f  t h r e e  r e p l i c a t e s  a l th o u g h  t h e  p r o p o r t i o n  

o f  r a d i o a c t i v i t y  a s s o c i a t e d  w i th  th e  lAA peak  was somewhat r e d u c e d  (31% 

compared w i th  46%). The e x p o s u re  t o  l i g h t  had  no  s i g n i f i c a n t  e f f e c t  on 

u p t a k e ,  e x t r a c t i o n  e f f i c i e n c y  o r  t h e  amount o f  r a d i o a c t i v i t y  l o s t  d u r in g  

i n c u b a t i o n  (T ab le  7 ) .

B.4 E f f e c t  o f  V ary in g  th e  lAA C o n c e n t r a t i o n  in  t h e  I n c u b a t in g  S o l u t i o n  on

i t s  M e tabo lism  by Root Segments

The r a t i o n a l e  f o r  t h i s  e x p e r im e n t  was tw o - f o ld .  F i r s t l y ,  when a p p ly in g

p l a n t  grow th s u b s ta n c e s  t o  p l a n t  t i s s u e  t h e  q u e s t i o n  alw ays a r i s e s  as t o  how 

much a p p a re n t  m e ta b o lism  a c t u a l l y  r e p r e s e n t s  d e t o x i f i c a t i o n  o f  a b n o rm a lly  

l a r g e  amounts o f  th e  exogenous compound. A p a r t i a l  an sw er  t o  t h i s  q u e s t i o n  

m igh t be  g a in e d  by  e x a m in in g  t h e  m e ta b o l is m  o f  d i f f e r e n t  e x t e r n a l  concen ­

t r a t i o n s  o f  lAA. S e c o n d ly ,  t h e  m e ta b o l ism  o f  h i g h e r  c o n c e n t r a t i o n s  o f  lAA

th a n  t h o s e  p r e v i o u s l y  u s e d  was i n v e s t i g a t e d  w i th  a view t o  p r e p a r i n g  l a r g e  

e x t r a c t s  f o r  s t u d i e s  on t h e  c h e m ic a l  s t r u c t u r e s  o f  m e t a b o l i t e s .

Root segm ents  ( c u t  i n  t h e  l a b o r a t o r y )  were i n c u b a t e d  i n  g roups  o f  50

i n  f o u r  d i f f e r e n t  c o n c e n t r a t i o n s  o f  IAA-2-^^C (lO 1 0 10~^,  10  ̂ mol m ^)

f o r  2h. A f t e r  f o l l o w in g  th e  w a sh in g  p r o c e d u r e ,  t i s s u e  was e x t r a c t e d  o v e r n i g h t
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i n  m e th a n o l .  Samples were p r e p a r e d  a c c o r d in g  t o  m ethod 1 and  a n a ly s e d  by

HPLC. The p a t t e r n  o f  m e ta b o l i s m  i n  segm en ts  i n c u b a t e d  a t  t h e  t h r e e  l o w e s t

c o n c e n t r a t i o n s  was s i m i l a r ,  w i th  t h e  m a j o r i t y  o f  p e a k s  1-11  p r e s e n t  in  e ach

c a s e  (F ig .  14; T a b le  1 0 ) .  The p r o p o r t i o n  o f  r a d i o a c t i v i t y  i n  e x t r a c t s ,

r e m a in in g  a s s o c i a t e d  w i th  t h e  lAA peak  was a l s o  s i m i l a r  (25%, 25% and 29%

f o r  i n c u b a t i n g  s o l u t i o n s  o f  10 10"^ and 10” ^ mol m ^ lAA r e s p e c t i v e l y ) .

- 1 - 3The p e r c e n t a g e  o f  lAA m e t a b o l i s e d  i n  t i s s u e  i n c u b a t e d  i n  10 mol m lAA 

was re d u c e d  and o n ly  m e t a b o l i t e  p e a k s  4 ,  5 and 10 were c o n s i s t e n t l y  p r e s e n t .  

The a v e ra g e  uptaJce o f  r a d i o a c t i v i t y  from  a ^^C-IAA c o n c e n t r a t i o n  o f  

10 ^ mol m ^ was e q u i v a l e n t  t o  2 .3  pmol segm en t Given t h a t  t h e  mean

f r e s h  w e ig h t  o f  a  r o o t  segm en t was '^^6 and t h a t  an a v e ra g e  o f  25% o f  t h e  

r a d i o a c t i v i t y  i n  t h e  t i s s u e  re m a in e d  a s s o c i a t e d  w i th  t h e  lAA p e a k ,  t h e  

a p p ro x im a te  amount o f  exogenous  lAA p r e s e n t  i n  t h e  r o o t s  a f t e r  2h i n c u b a t i o n  

c o u ld  be c a l c u l a t e d  as  5 ,  ŷWg kg  T h is  s u b s t a n t i a l l y  l e s s  t h a n  t h e

endogenous  lAA c o n te n t  o f  Zea mays (cv .  G ia n t  W hite H o r s e to o th )  r o o t  t i p s  

m easu red  as 29yxg kg  ̂ by  B r id g e s  e t  a l . (1 9 7 3 ) .

B.5 Use o f  S ep -pak  C a r t r i d g e s  i n  P r e p a r a t i o n  o f  Sam ples f o r  HPLC

When l a r g e  e x t r a c t s  w ere  p r e p a r e d  f o r  HPLC a n a l y s i s ,  i t  was n e c e s s a r y  

t o  employ a p u r i f i c a t i o n  s t e p  w hich  w ould  re d u c e  t h e  d ry  w e ig h t  o f  s a m p le s ,  

w i th  m in im al l o s s  o f  lAA m e t a b o l i t e s .  S ep -pak  C^g c a r t r i d g e s  were fo u n d  

t o  be  s u i t a b l e  f o r  t h i s  p u r p o s e .  An e x p e r im e n t  was c a r r i e d  o u t  t o  r e c o r d  

t h e  e f f e c t  o f  t h i s  p r o c e d u r e  on t h e  p r o f i l e  o f  r a d i o a c t i v e  p e a k s  o b s e rv e d  

d u r in g  HPLC a n a l y s i s  o f  r o o t  e x t r a c t s  c o n t a i n i n g  ^"^C-IAA m e t a b o l i t e s .

Root t i s s u e  (2 g roups  o f  50 se g m e n ts )  w hich h a d  b e e n  i n c u b a t e d  i n  

IAA-2-^^C (10  ̂ mol m ^) f o r  2h was w ashed  and e x t r a c t e d  i n  m e th a n o l .

E x t r a c t s  were f i l t e r e d  and r e d u c e d  t o  t h e  aqueous p h a s e  i u  v a c u o . A f t e r

3 ‘•3d i l u t i n g  w i th  10 cm ammonium a c e t a t e  b u f f e r  (pH 3 . 5 ,  20 mol m" ) sam p les

were lo a d e d  o n to  w e t t e d  Sep-pale c a r t r i d g e s .  R a d i o a c t i v i t y  was e l u t e d  w i th
5

2 cm 60% m ethano l  i n  ammonium a c e t a t e  b u f f e r .  ' Both t h e  b u f f e r  p a s s i n g



1 4F i g .  14 .  M e tab o l ism  o f  IAA-2" C s u p p l i e d  a t  4 d i f f e r e n t  c o n c e n t r a t i o n s  

t o  Zea mays r o o t  segm en ts  (2h  i n c u b a t i o n ) ,  ( a )  10 'mol m ^ .

(b )  10 mol m ( c )  10 mol m (d )  10 \ i o l  m .

Each  t r a c e  r e p r e s e n t s  a  t y p i c a l  r e s u l t  f rom  3 r e p l i c a t e  e x p e r im e n t s

HPLC C o n d i t i o n s :  S o lv e n t  g r a d i e n t ;  10-60% m eth a n o l  o v e r  30 m in .
3 ”1Flow r a t e ;  0 .7 5  cm min , D e t e c t o r :  homogeneous r a d i o a c t i v i t y  

m o n i to r ;  30cps f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .
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3
th r o u g h  t h e  c a r t r i d g e  and t h e  2 cm o f  60% m eth an o l  were d r i e d  and a n a ly s e d  

by  HPLC.

A s u b s t a n t i a l  p r o p o r t i o n  o f  peak  1 h a d  b een  l o s t  from  t h e  p u r i f i e d  

e x t r a c t  (F ig .  1 5 a ) .  Most o f  t h i s  was fo u n d  i n  t h e  b u f f e r  p a s s i n g  th ro u g h  

t h e  c a r t r i d g e  ( F ig .  1 5 b ) .

C o n c lu s io n s

M e ta b o l ism  o f  IAA-2-^^C b y  r o o t  segm en ts  t a k e n  from  d a rk -g ro w n  Zea mays 

s e e d l i n g s  i s  r a p i d  and e x t e n s i v e .  N o n - s t e r i l e  r o o t s ,  c u t  u n d e r  dim g re e n  

l i g h t  and in c u b a t e d  f o r  2h i n  d a rk n e s s  i n  10 ^ mol m ^ ^"^C-IAA^had m e t a b o l i s e d  

an a v e ra g e  o f  54% o f  t h e  r a d i o a c t i v i t y  e x t r a c t e d  w i th  m e th a n o l .  - At l e a s t  11 

p r o d u c t s  were fo rm ed , one o f  w h ic h ,  p eak  1 0 , was a lw ays more p ro m in e n t  t h a n  

th e  o t h e r s .  The e f f i c i e n c y  o f  t h e  e x t r a c t i o n  p r o c e d u r e  was h i g h ,  a t  l e a s t  

93%, th u s  o n ly  a s m a l l  f r a c t i o n  o f  t h e  r a d i o a c t i v i t y  e s c a p e d  a n a l y s i s  i n  

t h i s  way. However, s u b s t a n t i a l  and v a r i a b l e  amounts o f  l a b e l ,  up t o  36% 

o f  s a m p le s ,  were l o s t  d u r in g  d r y in g  o f  e x t r a c t s  i n  v a c u o . C o n t r o l  e x p e r im e n t s  

c o n f i rm e d  t h a t  no s i g n i f i c a n t  b reakdow n o f  lAA o c c u r r e d  d u r in g  sam ple  

p r e p a r a t i o n .  S t e r i l e  r o o t s  y i e l d e d  an a p p a r e n t l y  s i m i l a r  r a n g e  o f  p r o d u c t s  

t o  n o n - s t e r i l e  i n d i c a t i n g  t h a t  m e ta b o l i s m  was t a k i n g  p l a c e  i n  t h e  p l a n t  t i s s u e .

E v id en ce  t h a t  t h e  compounds o b s e rv e d  p r o b a b l y  d id  n o t  r e p r e s e n t  p r o d u c t s  

o f  a  d e t o x i f i c a t i o n  m echanism  t o  e l i m i n a t e  a b n o rm a l ly  h ig h  hormone l e v e l s  

was o b t a i n e d  from e x p e r im e n t s  i n  w hich  t h e  e x t e r n a l  lAA c o n c e n t r a t i o n  was 

v a r i e d .  The p a t t e r n  and  r a t e  o f  lAA m e ta b o l i s m  d id  n o t  change s i g n i f i c a n t l y  

when u p ta k e  o f  lAA i n c r e a s e d  from  2 .3  t o  10 7 pmol segm ent F u r th e r m o r e ,

th e  amount o f  exogenous lAA p r e s e n t  i n  t h e  t i s s u e  a f t e r  a  2h i n c u b a t i o n  in  

lO"^ mol m” ^ IAA-2-^^C was s u b s t a n t i a l l y  l e s s  t h a n  p u b l i s h e d  

m easurem ents  o f  t h e  endogenous  lAA c o n t e n t .

E xposure  o f  r o o t  segm en ts  t o  l i g h t  f o r  a  s h o r t  p e r i o d  r e s u l t e d  i n  a  

d e c r e a s e  i n  t h e  amount o f  r a d i o a c t i v i t y  a s s o c i a t e d  w i th  t h e  lAA p e a k ,  b u t  

d id  n o t  a f f e c t  t h e  n a t u r e  o f  t h e  m e t a b o l i t e s  p r o d u c e d ,  i . e .  t h e r e  was an
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F ig ,  15. HPLC o f  r o o t  e x t r a c t  p u r i f i e d  u s i n g  S ep-pak  C-g c a r t r i d g e s .
( a j  A n a ly s is  o f  r a d i o a c t i v e  compounds e l u t e d  from  t h e  c a r t r i d g e  
i n  2 cm^ 60% m ethano l  i n  ammonium a c e t a t e  b u f f e r  (pH 3 . 5 ,
20mol m“ ) . (b) R a d i o a c t iv e  compounds p a s s i n g  th ro u g h  c a r t r i d g e
d u r in g  lo a d in g  o f  e x t r a c t  i n  10 cm^ ammonium a c e t a t e  b u f f e r  (pH 3 . 5 ,  
20raol m "3 ) , S o lv e n t  g r a d i e n t  : 10-60% m ethano l  o v e r  30 m in.
Flow r a t e  î 0 ,7 5  cm^min” ^. D e t e c t o r  : homogeneous r a d i o a c t i v i t y  
m o n i to r ;  30 cps f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .
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a p p a r e n t  s t i m u l a t i o n  o f  lAA m e ta b o l is m .  The i n c r e a s e d  p r o p o r t i o n  o f  lAA 

m e t a b o l i s e d  by s t e r i l e  r o o t s  c o u ld  be  due t o  t h e  i n c r e a s e d  e x p o su re  t o  

l i g h t  d u r in g  s e c t i o n  c u t t i n g  i n  t h e  s t e r i l e  a i r - f l o w  c a b i n e t .
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C. Time-Course o f  lAA Metabolism in  Root Segments

R e s e a rc h ,  u s in g  r o o t  t i s s u e s ,  on t h e  e f f e c t s ,  t r a n s p o r t  and  b i n d i n g  o f  

lAA t o  p u t a t i v e  r e c e p t o r  s i t e s  h a s  o f t e n  b e e n  p e r fo rm e d  w i th  l i t t l e  

c o n s i d e r a t i o n  o f  t h e  m e ta b o lism  o f  exogenous lAA d u r in g  t h e  c o u r s e  o f  t h e  

e x p e r im e n t  ( e . g .  B a t r a  e t  a l . ,  1975; Moloney and P i l e t ,  1981). The r e s u l t s  

i n  s e c t i o n  B o f  t h i s  t h e s i s  s u g g e s t  t h a t  Zea mays r o o t  segm en ts  a r e  c a p a b le  

o f  e x t e n s i v e  m e ta b o l ism  o f  lAA. A know ledge o f  t h e  amount o f  exogenous lAA 

re m a in in g  i n  th e  t i s s u e  a f t e r  v a r y i n g  i n c u b a t i o n  t im e s  i s  t h e r e f o r e  e s s e n t i a l  

I t  was a l s o  hoped  t h a t  t h i s  s tu d y  w ou ld  y i e l d  i n f o r m a t io n  on th e  s e q u en c e  i n  

which m e t a b o l i t e  peaks  were p ro d u c e d .

Seven g roups  o f  50 r o o t  segm en ts  ( c u t  i n  t h e  l a b o r a t o r y )  were p l a c e d  i n  

aqueous s o l u t i o n s  o f  IAA-2-^^C (10 ^ mol m ^) and i n c u b a t e d  f o r  v a r io u s  

t im e s  : T a b le  11.

T a b le  11 :: I n c u b a t io n  p r o t o c o l f o r  t im e - c o u r s e  e x p e r im e n t o f  lAA m e ta b o l is m

i n  r o o t  segm ents

D ish Time in c u b a t e d  
i n  IAA-2- l^ C

Time in c u b a t e d  
i n  d i s t i l l e d  w a te r

T o ta l  i n c u b a t i o n  
tim e

1 and 2 10 min - 10 min

3 1 h - 1 h

4 1 h 1 h 2 h

5 1 h 3 h 4 h

6 1 h 7 h 8 h

7 1 h 23 h 24 h

Root segm ents  i n c u b a t e d  f o r  p e r i o d s  l o n g e r  t h a n  Ih  were w ashed th o r o u g h ly  

( M a t e r i a l s  and M ethods) b e f o r e  t r a n s f e r r i n g  t o  d i s h e s  o f  d i s t i l l e d  w a te r .  

M ethanol e x t r a c t s  were p r e p a r e d  f o r  HPLC a n a l y s i s  a c c o r d in g  t o  m ethod 1.

M etabo lism  o f  lAA was r a p i d ;  a f t e r  i n c u b a t i n g  segm en ts  f o r  o n ly  lOmin,



an a v e ra g e  o f  43% o f  t h e  r a d i o a c t i v i t y  was no l o n g e r  a s s o c i a t e d  w i th  t h e  

lAA peak  (T ab le  12; F ig .  1 6 ) .  The amount o f  lAA i n  e x t r a c t s  c o n t in u e d  t o  

d e c l i n e  u n t i l  o n ly  a ro u n d  1% o f  t h e  r a d i o a c t i v i t y  c o -c h ro m a to g ra p h e d  w i th  

lAA a f t e r  24h. The e x t r a c t i o n  e f f i c i e n c y  d e c l i n e d  o n ly  s l i g h t l y  

d u r in g  th e  c o u rs e  o f  t h e  e x p e r im e n t  ( f rom  93% f o r  a  lOmin i n c u b a t i o n  Vo 88% 

a f t e r  24b)

At l e a s t  3 and som etim es up to  8 m e t a b o l i t e  p e a k s  were a p p a r e n t  a f t e r  

10 min ( th e  v a r i a t i o n  a p p e a re d  t o  r e s u l t  from  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  

s m a l l  m e t a b o l i t e  peaks  from  f l u c t u a t i o n s  i n  b ack g ro u n d  r a d i a t i o n ) .  The 

a p p e a ra n c e  o f  s e v e r a l  p r o d u c t s  a f t e r  such  a s h o r t  t im e  i n d i c a t e s  t h a t  t h e r e  

i s  p r o b a b ly  n o t  a  s i n g l e  l i n e a r  pa thw ay  o f  lAA m e ta b o l ism .  The a p p a r e n t l y  

complex n a t u r e  o f  t h e  r e a c t i o n  s e q u en c e  p r e s e n t e d  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  

r e l a t i o n s h i p s  be tw een  d i f f e r e n t  p e a k s .  Some c o n s i s t e n t  t r e n d s  were v i s i b l e ,  

how ever. The most p ro m in e n t  m e t a b o l i t e  a t  s h o r t  i n c u b a t i o n  t im e s  was peak  9 . 

T h is  d e c l i n e d  as t h e r e  was an i n c r e a s e  i n  t h e  h e i g h t  o f  peak  10 w hich became 

t h e  l a r g e s t  m e t a b o l i t e  a f t e r  2h and 4h b e f o r e  d e c r e a s in g  i n  s i z e .  A f t e r  24h 

th e  most p ro m in e n t  compounds were t h e  components o f  p e a k s  7 and 8  ̂ and p eak s  1 and 

2. P r e c i s e  i n f o r m a t io n  on th e  i n t e r c o n v e r s i o n s  o f  i n d i v i d u a l  m e t a b o l i t e s ,  

how ever ,  c o u ld  n o t  be deduced  from  t h e s e  o b s e r v a t i o n s .  T h is  m igh t be a c h ie v e d

by s u p p ly in g  l a b e l l e d  lAA m e t a b o l i t e s  t o  r o o t  t i s s u e  and e x t r a c t i n g  and 

a n a ly s i n g  t h e  r a d i o a c t i v e  p r o d u c t s .

In  a  s i n g l e  e x p e r im e n t^ r o o t  t i s s u e  rem a in e d  i n  IAA-2-^^C f o r  t h e  whole 

i n c u b a t i o n  t i m e , up t o  24h. A lthough  r a d i o a c t i v i t y  c o n t in u e d  t o  be  t a k e n  up 

d u r in g  t h i s  p e r i o d  and t h e r e  was no s i g n i f i c a n t  breakdow n o f  lAA i n  th e  

i n c u b a t i n g  s o l u t i o n ,  t h e  p r o p o r t i o n  o f  lAA i n  t h e  t i s s u e  d e c r e a s e d  a t  t h e  same 

r a t e  as i n  r o o t  segm ents  t r a n s f e r r e d  t o  w a t e r  a f t e r  Ih (T a b le  13 ) .  T h is  w ould  

i n d i c a t e  t h a t  r a d i o a c t i v i t y  t a k e n  up a f t e r  l o n g e r  p e r i o d s  was more r a p i d l y  

m e t a b o l i s e d .
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f.s.d.=100cps

lAA

u

q :
10 11

0 10 3020
Refenfion Time (min

f .s.d.=100cps

lA A

3010 200
Retention Time (min

F ig .  16. T im e -c o u rs e  o f  IAA-2- C m e ta b o l is m  by  Zea mays r o o t  s e g m e n ts .
T i s s u e  was i n c u b a t e d  i n  ^ - 1AA ü "moT r  up to '  I h , ’ th e n
w ashed and  t r a n s f e r r e d  t o  d i s t i l l e d  w a te r .  (a )  10 rain i n c u b a t i o n ,
(b) I h ,  (c)  2 h ,  [d) 4 h ,  (e )  8h ,  ( f )  24h. Each t r a c e  r e p r e s e n t s
a t y p i c a l  r e s u l t  from  3 r e p l i c a t e  e x p e r im e n t s .  ^ S o lv e n t  g r a d i e n t :  
10-60% m e th a n o l  o v e r  30 min. Flow r a t e :  1 cm min . D e t e c t o r :
homogeneous r a d i o a c t i v i t y  m o n i to r ;  30 cps f u l l  s c a l e  d e f l e c t i o n ;
10s t im e  c o n s t a n t .
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T a b le  15 : M e tabo lism  o f  I A A - 2 - s u p p l i e d  t o  r o o t  segm en ts  f o r  up t o  24h

I n c u b a t io n
tim e

R a d i o a c t i v i t y  t a k e n  up 
by t i s s u e  ^

(Bq segm en t )

% o f  r a d i o a c t i v i t y  i n  
m ethano l  e x t r a c t  a s s o c i a t e d  

w i th  lAA peak

10 min 7 .5 58

30 min 20 54

1 h 29 40

2 h 36 29

4 h 76 4

8 h 91 3

24 h 103 No d e t e c t a b l e  lAA

C o n c lu s io n s

lAA i s  m e ta b o l i s e d  r a p i d l y  by Zea mays r o o t  t i s s u e , a l o n g  an a p p a r e n t l y  

n o n - l i n e a r  and complex r e a c t i o n  p a thw ay . A f t e r  a  24h i n c u b a t i o n ,v e ry  l i t t l e  

IAA-2-^^C rem a in e d  i n  t h e  t i s s u e .  S i m i l a r  r e s u l t s  were o b t a i n e d  from  

e x p e r im e n ts  i n  w hich r o o t s  were rem oved from  IAA-2-^^C a f t e r  Ih  and t r a n s f e r r e d  

t o  d i s t i l l e d  water^ as f o r  t i s s u e  i n c u b a t e d  i n  ^"^C-IAA f o r  t h e  f u l l  i n c u b a t i o n  

t im e .  I t  a p p e a r s  t h a t  IAA-2-^'^C t a k e n  up a f t e r  lo n g e r  p e r i o d s  i s  more r a p i d l y  

m e t a b o l i s e d .
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P. A Comparison o f  the M etabolism o f  lAA by C o r tica l and S te la r

T is s u e s  o f  t h e  Root

M easurements o f  t h e  endogenous c o n te n t  o f  lAA i n  Zea mays r o o t s  have  

i n d i c a t e d  t h a t  t h e  amount p r e s e n t  i n  t h e  s t e l e ,  p e r  gram f r e s h  w e ig h t  o f  

t i s s u e ,  i s  a p p ro x im a te ly  10 t im e s  t h a t  i n  t h e  c o r t e x  (B r id g e s  e t  a l . , 1973) .

W ilk in s  and c o -w o rk e rs  (Bowen e t  a l . , 1972; Cane and W i l k in s ,  1970; Shaw 

and W i lk in s ,  1974) have  a l s o  d e m o n s t r a te d  t h a t  t h e  p o l a r  a c r o p e t a l  t r a n s p o r t  

o f  lAA i n  Zea mays r o o t s  t a k e s  p l a c e  p r e d o m in a n t ly  i n  t h e  s t e l e .  The 

p r o d u c t s  o f  lA A -l-^^C  m e ta b o l is m  i n  s e p a r a t e d  c o r t i c a l  and  s t e l a r  t i s s u e s  

have  b een  exam ined  u s in g  TLC (Greenwood e t  a l . , 19 7 3 ) .  These  s t u d i e s

r e v e a l e d  a  s lo w e r  r a t e  o f  lAA m e ta b o l is m  i n  t h e  s t e l e .  The m a jo r  p r o d u c t s

form ed b y  t h e  two t i s s u e s  a l s o  a p p e a re d  t o  d i f f e r .  I t  was d e c id e d  t o  f o l lo w  

up t h i s  work by i n v e s t i g a t i n g  t h e  m e ta b o l is m  o f  lAA a p p l i e d  t o  s e p a r a t e d  

c o r t i c a l  and s t e l a r  t i s s u e s ,  u s in g  HPLC a n a l y s i s .

As th e  a p i c a l  5mm o f  t h e  r o o t  c a n n o t  be  d i v id e d  i n t o  c o r t e x  and s t e l e ,  

segm ents. 20mm i n  l e n g t h  were t a k e n  from  5mm b e h in d  t h e  t i p .  S e p a r a t e d  t i s s u e s  were 

i n c u b a t e d  i n  g roups  o f  50 i n  aqueous s o l u t i o n s  o f  IAA-2-^^C (10 ^ mol m ^) 

f o r  2h , 4h , 8h o r  24h a f t e r  w hich th e y  were washed ( M a t e r i a l s  and Methods) 

and  e x t r a c t e d  i n  m e th a n o l .  Sam ples w ere  p r e p a r e d  f o r  HPLC a n a l y s i s  u s in g  

m ethod 1. The r e s u l t s  (F ig .  17 : T a b le  14) c o n f i rm e d  t h e  o b s e r v a t i o n s  o f  

Greenwood e t  a l . (1973) t h a t  m e ta b o l is m  to o k  p l a c e  more s lo w ly  i n  t h e  s t e l e .

A f t e r  2h i n c u b a t i o n  an a v e ra g e  o f  96% o f  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  s t e l a r  

e x t r a c t s  was a s s o c i a t e d  w i th  t h e  lAA p e a k .  E x t r a c t s  o f  c o r t i c a l  t i s s u e  

c o n ta i n e d  an a p p a r e n t l y  s i m i l a r  r a n g e  o f  m e t a b o l i t e s  t o  t h o s e  from  com ple te  

r o o t  se g m e n ts ;  o n ly  8% o f  t h e  "̂̂ C a p p e a re d  t o  r e p r e s e n t  lAA, S t e l e  

segm en ts  i n c u b a t e d  i n  lAA f o r  l o n g e r  t im e s  m e t a b o l i s e d  t h e  m a j o r i t y  o f  lAA 

e n t e r i n g  th e  t i s s u e .  As lAA was t a k e n  up from  s o l u t i o n  f o r  up t o  8h ,  and 

t h e r e  was no s i g n i f i c a n t  b reakdow n o f  lAA i n  t h e  i n c u b a t i n g  s o l u t i o n s ,  t h i s  

r e p r e s e n t s  an i n c r e a s e  i n  t h e  r a t e  o f  lAA m e ta b o l ism .  T h is  may b e  a r e s u l t  

o f  s e n e s c e n c e  o f  t h e  t i s s u e .  W ithou t  c o n c lu s i v e  i d e n t i f i c a t i o n  o f  t h e
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F ig .  17. Com parison o f  C-IAA m e ta b o l is m  i n  s e p a r a t e d  c o r t i c a l  and s t e l a r
t i s s u e s  o f  Zea mays r o o t s  -  HPLC A n a l y s i s .  T i s s u e s  were 
in c u F â të B  i n  14c-lAA [10-3m ol m-3; f o r  2h. The t r a c e s  r e p r e s e n t  
t y p i c a l  r e s u l t s  from  3 r e p l i c a t e  e x p e r im e n t s ,  ^ S o lv e n t  g r a d i e n t  : 
10-60% m eth a n o l  o v e r  20 min. Flow r a t e  : 1 cm min"-^. D e t e c t o r  
homogeneous r a d i o a c t i v i t y  m o n i to r ;  30 cps f u l l  s c a l e  d e f l e c t i o n ;  
10s t im e  c o n s t a n t .
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p r o d u c t s ,  i t  was n o t  p o s s i b l e  t o  know w h e th e r  t h e  same compounds were 

p ro d u c e d  i n  b o th  t i s s u e s .  However, a  s u b s ta n c e  w i th  t h e  same r e t e n t i o n  

t im e  as peak  10 was th e  most p ro m in e n t  m e t a b o l i t e  i n  b o th  c o r t i c a l  and 

s t e l a r  e x t r a c t s .

C o n c lu s io n

A lthough  r e s u l t s  i n  s e c t i o n s  B and C i n d i c a t e  t h a t  exogenous lAA 

t a k e n  up from s o l u t i o n  was r a p i d l y  m e t a b o l i s e d ,  d u r in g  t h e  f i r s t  2h a t  l e a s t  

m ost o f  t h i s  a p p e a rs  t o  t a k e  p l a c e  i n  t h e  c o r t i c a l  t i s s u e s ,  where o n ly  a sm a l l  

p r o p o r t i o n  o f  t h e  endogenous lAA i s  l o c a t e d .
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E. M etabo lism  o f  IA A -2 -^ tç  S u p p l i e d  from  Agar B locks t o  t h e  S t e l e  a t

th e  B a sa l  End o f  Root Segments

In  o r d e r  t o  o b t a i n  i n f o r m a t io n  c o n c e r n in g  th e  m e ta b o l is m  o f  endogenous 

lAA, i t  i s  n e c e s s a r y  t o  s u p p ly  l a b e l l e d  lAA in  a  manner which r e p r o d u c e s  as 

c l o s e l y  as p o s s i b l e  i t s  n a t u r a l  s o u rc e  i n  t h e  r o o t .  B r id g e s  ejt (1973) 

showed t h a t  t h e  m a j o r i t y  o f  endogenous lAA i s  l o c a t e d  i n  t h e  s t e l e .  W ilk in s  

and c o -w o rk e rs  ( e . g .  Bowen e t  a l . ,  1972) a l s o  d e m o n s t ra te d  t h a t  lAA i s  

t r a n s p o r t e d  a c r o p e t a l l y  p r e d o m in a n t ly  i n  t h e  s t e l e .  In  t h i s  e x p e r im e n t  th e  

m e ta b o l ism  o f  IAA-2-^^C s u p p l i e d  from a g a r  b lo c k s  t o  t h e  s t e l a r  t i s s u e  a t  

t h e  b a s a l  end  o f  r o o t  segm en ts  was s t u d i e d .  As th e  r e s u l t s  i n  e x p e r im e n t  D 

showed t h a t  m e ta b o l ism  o f  lAA by  th e  s t e l e  d u r in g  a  2h i n c u b a t i o n  was slow^ 

t h i s  means o f  d o n a t in g  t h e  lAA would e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  a  

s u b s t a n t i a l  p r o p o r t i o n  o f  m e ta b o l is m  was t a k i n g  p l a c e  d u r in g  e n t r y  a t  t h e  

c u t  s u r f a c e s .

S e c t i o n s  o f  t i s s u e ,  13mm i n  l e n g t h ,  were t a k e n  from  10mm b e h in d  th e  

r o o t  t i p s  o f  3 - d a y - o l d ,  da rk -g ro w n  Zea mays s e e d l i n g s .  The c o r t e x  was 

rem oved from  t h e  b a s a l  3mm o f  each  se g m e n t ,  and  t h e  p r o t r u d i n g  s t e l e  p l a c e d  

i n  c o n t a c t  w i th  a  b lo c k  o f  1.5% a g a r  c o n t a i n i n g  IAA-2-^^C ( s e e  F ig .  1 8 ) .  

B locks  o f  p l a i n  a g a r  a t  t h e  o p p o s i t e  end  o f  each  r o o t  w ere  p r e s e n t  t o  p r o t e c t  

t h e  t i s s u e  from d r y in g ,  and  t o  c o l l e c t  r a d i o a c t i v e  compounds d i f f u s i n g  from  

th e  segm en t .  E ig h t  g roups  o f  20 segm ents  were e n c lo s e d  i n  g l a s s  p e t r i d i s h e s  

and i n c u b a t e d  f o r  2h. The p r o t r u d i n g  s e c t i o n  o f  s t e l e  p l u s  1mm o f  t i s s u e  

from  each  end  o f  t h e  segm ents  was t h e n  removed and t h e  r o o t s  e x t r a c t e d  w i th  

m e th a n o l .  E x t r a c t s  were p r e p a r e d  f o r  HPLC a n a l y s i s  a c c o r d in g  t o  m ethod 1. 

R a d i o a c t i v i t y  p r e s e n t  i n  b o th  t h e  dono r  and r e c e i v e r  b lo c k s  o f  a g a r  was a l s o  

e x t r a c t e d  i n t o  m e th a n o l .  The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  a t  th e  end o f  

t h e  e x p e r im e n t ,  w hich was o n ly  p e r fo rm e d  o n c e ,  was as f o l l o w s :
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14.F i g .  1 8 . Root segm ents  s u p p l i e d  w i th  IAA-2- C from a g a r  b lo c k s



1 0 0

do n o r b lo c k  338 ,000  Bq

r o o t  t i s s u e  3 ,482  tjq

r e c e i v e r  b lo c k  1 ,480  Bq

The ap p ro x im a te  amount o f  r a d i o a c t i v i t y  p r e s e n t  i n  each  segm ent a f t e r  a  2h 

in c u b a t io n  was t h e r e f o r e  é q u iv a l e n t  t o  1 9 .8  pmol lAA.

The p r o p o r t io n  o f  lAA w hich  h a d  b een  m e ta b o lis e d  by th e  r o o t  t i s s u e  was 

s i g n i f i c a n t l y  l e s s  th a n  in  e x p e r im e n ts  i n  w hich segm en ts w ere f l o a t e d  i n  

aqueous s o lu t i o n s  o f  lAA; a p p ro x im a te ly  50% o f  th e  r a d i o a c t i v i t y  rem a in e d  

a s s o c i a te d  w ith  th e  lAA peak  (F ig .  19a) com pared w ith  31% in  e x p e r im e n t B .5 .

S ix  o f  th e  same m e ta b o l i te  p e a k s  w ere a p p a r e n t ly  p r e s e n t  (p eak s  5 ,  6 , 8 , 9 ,

10 and 1 1 ) . How ever, t h e r e  was a n o t i c e a b l e  d e c re a s e  i n  th e  p r o p o r t io n  o f

peak  10 w hich o n ly  a c c o u n te d  f o r  a p p ro x im a te ly  9% o f  th e  r a d i o a c t i v i t y  and

was no lo n g e r  th e  m ost p ro m in e n t m e ta b o l i te .  The p e rc e n ta g e  o f  lAA

m e ta b o lis e d  was c o n s id e r a b ly  g r e a t e r  th a n  t h a t  in  s t e l a r  t i s s u e s  a lo n e  

(e x p e r im e n t D)  ̂ i n d i c a t i n g  t h a t  some lAA h a d  p ro b a b ly  moved i n t o  th e  c o r t e x .

A lthough  a p p ro x im a te ly  50% o f  th e  r a d i o a c t i v i t y  i n  th e  r o o t  t i s s u e  

e x t r a c t s  r e p r e s e n te d  m e ta b o l i te s  o f  lAA, e x t r a c t s  o f  th e  r e c e i v e r  b lo c k  

y ie ld e d  o n ly  a  s i n g l e  r a d i o a c t i v e  peak  w ith  th e  same r e t e n t i o n  tim e  as lAA 

( F ig .  1 9 b ). T h is  was accom pan ied  by a  f lu o r e s c e n c e  p e a k . When m e th y la te d  

u s in g  d ia z o m e th a n e , and a n a ly s e d  a g a in  by  HPLC, a s in g l e  peak  was o b ta in e d  

w ith  th e  same r e t e n t i o n  tim e  as lAA - m eth y l e s t e r  ( F ig .  2 0 ) , Thus t h e r e

i s  s t r o n g  e v id e n c e  t h a t  r a d i o a c t i v i t y  in  t h e  r e c e i v e r  b lo c k  was e x c lu s iv e ly  

a s s o c i a te d  w ith  th e  lAA m o le c u le . HPLC a n a ly s i s  o f  do n o r b lo c k  e x t r a c t s  

i n d i c a t e d  t h a t  breakdow n o f  lAA d u r in g  th e  e x p e rim e n t was n e g l i g i b l e .

A s i m i l a r  e x p e rim e n t t o  t h a t  d e s c r ib e d  above was c a r r i e d  o u t in  w hich  

r o o t  segm en ts w ere in c u b a te d  f o r  24h. HPLC a n a ly s e s  o f  t i s s u e  e x t r a c t s  

showed t h a t  v e ry  l i t t l e  lAA rem a in e d  i n  th e  t i s s u e  a f t e r  t h i s  tim e  ; in  two 

o u t o f  t h r e e  e x p e r im e n ts  no  ^^C-IAA was d e t e c t a b l e  (F ig .  2 1 ) . Four 

m e ta b o l i te  p e a k s  w ere c o n s i s t e n t l y  p r e s e n t  : p eak s  3 and 10 and u n re s o lv e d  co m posit 

p eak s  1 /2  and 7 /8 .  H ow ever, s t e l a r  t i s s u e  a lo n e  a ls o  m e ta b o lis e d  v i r t u a l l y  

a l l  o f  th e  lAA ta k e n  up a f t e r  24h . T hese  r e s u l t s  may r e f l e c t  th e  s e n e s c e n c e
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r e p r e s e n t  r e s u l t s  from  . s i n g l e  e x t r a c t ?  a n a ly s e d  i n  d u p l i c a t e .  
S o lv e n tg g ra d ^ e n t  : 10-60% m eth an o l o v e r  30 m in. Flow r a t e  :
0 .7 5  cm min . D e te c to r :  a .  ( s o l i d  l in e )  hom ogeneous r a d i o a c t i v i t y
m o n ito r ;  30 cps f u l l  s c a l e  d e f l e c t i o n ;  10s tim e  s c a l e ,  
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F ig . 20 . HPLC a n a ly s i s  o f  r a d i o a c t i v i t y  e x t r a c t e d  from  "rece iv e r* *  b lo c k ,
a f t e r  m é th y la t io n  u s in g  d ia z o m e th a n e . T ra ce  r e p r e s e n t s  r e s u l t s
from  a s i n g l e  e x t r a c t ,  a n a ly s e d  xn d u p l i c a t e ,  S o l^ e n t_ g r a d ie n t
50-100% m eth an o l o v e r  20 m in . Flow r a t e  : 0 .7 5  cm min 
D e te c to r  : hom ogeneous r a d i o a c t i v i t y  m o n ito r ;  20 cps f u l l  s c a l e  
d e f l e c t i o n ;  10s t im e  c o n s ta n t .
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o f  th e  t i s s u e s  and t h e i r  s i g n i f i c a n c e  i n  r e l a t i o n  t o  e l u c i d a t i n g  th e  no rm al 

p a thw ays o f  endogenous lAA m e ta b o lism  i s  q u e s t io n a b le .

C o n c lu s io n s

I A A - 2 - s u p p l i e d  t o  th e  s t e l e  a t  th e  b a s a l  end o f  r o o t  segm en ts  f o r  

2h i s  m e ta b o lis e d  to  a t  l e a s t  6 p r o d u c ts  w hich  a p p e a r  t o  be s i m i l a r  t o  th o s e  

i n  e x t r a c t s  o f  t i s s u e  f l o a t e d  in  aqueous s o lu t i o n s  o f  lAA. The r a t e  o f  

m e ta b o lism  was r e d u c e d , h o w e v e r, and th e  r e l a t i v e  p r o p o r t io n s  o f  p e a k s  

d i f f e r e d .  R a d io a c t iv i t y  d i f f u s i n g  from  th e  a p ic a l  end  o f  th e  segm en ts 

a p p e a re d  t o  be  e x c lu s iv e ly  a s s o c i a te d  w ith  th e  lAA m o le c u le , th u s  p r o v id in g  

e v id e n c e  f o r  a  t r a n s p o r t  m echanism  s p e c i f i c  f o r  lAA.
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F. Metabolism o f  ^^C-IAA by C e le o p t ile  Segments

C o le o p t i le s  o f  d a rk -g ro w n  Zea mays s e e d l in g s  hav e  b een  u s e d  e x te n s iv e ly  

f o r  r e s e a r c h  on th e  r o l e  o f  lAA i n  g e o tro p is m  and p h o to tro p is m  ( e .g .  

G o ld sm ith  and W ilk in s ,  1964; de l a  P u e n te  and  L eo p o ld , 1968; W ilk in s  and  

W hyte, 1968; Cane and W ilk in s ,  1969; H e r te l  e t  a l^ ,, 1969; Shaw e t  a l . , 

1973; G ardner e t  a l . , 1 9 7 4 ), on th e  p o l a r  t r a n s p o r t  o f  lAA ( e .g .  Edwards 

and  G o ld sm ith , 1 9 8 0 ), and  on b in d in g  o f  lAA to  p u t a t i v e  r e c e p to r  s i t e s  ( e .g .  

H e r te l  e t  a l . ,  1972; B a t t  e t  a l . ,  1976; Ray e t  a l . ,  1977; C ross and 

B r ig g s ,  1979; M oloney and  F i l e t ,  1 9 8 1 ). As w ith  s i m i l a r  e x p e rim e n ts  on 

r o o t s ,  th e  r e s u l t s  o f  t h e s e  s t u d i e s  h av e  o f te n  b e e n  i n t e r p r e t e d  on th e  b a s i s  

t h a t  m e ta b o lism  o f  a p p l i e d  ^^C-IAA d u r in g  th e  c o u rs e  o f  t h e  e x p e r im e n t i s  

n e g l i g i b l e .  In  some c a s e s  t h i s  was ch eck ed  u s in g  TLC ( e .g .  Cane and 

W ilk in s ,  1969; Shaw e;^ a l . ,  1973; G ardner al_*, 1974; Edwards and  

G o ld sm ith , 1 9 8 0 ). Where s i g n i f i c a n t  m e ta b o lism  h a d  o c c u r r e d  t h i s  was ta k e n  

i n t o  a c c o u n t ,  a lth o u g h  in  ea ch  in s t a n c e  th e  m a jo r i ty  o f  r a d i o a c t i v i t y  co ­

ch ro m a to g rap h ed  w ith  th e  lAA s ta n d a r d .  The r e s u l t s  i n  s e c t i o n  A o f  t h i s  

t h e s i s ,  h o w ev er, d e m o n s tra te d  t h a t  TLC was n o t  a b le  t o  r e s o lv e  t h e  la r g e

num ber o f  m e ta b o l i te s  p r e s e n t  i n  m e th a n e l ie  e x t r a c t s  o f  Zea mays r o o t  t i s s u e  

w hich h a d  b een  in c u b a te d  i n  IAA-2-r^^C. The m e ta b o lism  o f  IAA-2-^^C in  

c e l e o p t i l e  t i s s u e s  was t h e r e f o r e  i n v e s t i g a t e d  u s in g  HPLC a n a l y s i s .

F . l .  HPLC A n a ly s is  o f  IAA-2-^'^C M e ta b o l i te s  from  C o le o p t i le  Segm ents 

a f t e r  2h In c u b a t io n

C o le o p t i le  s e c t i o n s  from  5 - d a y - o ld ,  d a rk -g ro w n  Zea mays s e e d l in g s  w ere 

c u t  u n d e r  dim g re e n  l i g h t  and in c u b a te d  in  g roups o f  10 o r  20 i n  aqueous 

s o lu t io n s  o f  IAA-2-^^C (2 cm^  ̂ 10 ^ mol m ^) f o r  2h i n  d a rk n e s s .  A f te r  

fo l lo w in g  th e  s ta n d a r d  w ash in g  p r o c e d u r e ,  t i s s u e  was e x t r a c t e d  o v e rn ig h t  

w ith  m eth an o l and sam p les  p r e p a r e d  f o r  HPLC a n a l y s i s .  In  one r e p l i c a t e  

th e  e x t r a c t  was p r e p a r e d  a c c o rd in g  t o  m ethod 1 , w h ile  two sam p les  w ere
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p u r i f i e d  u s in g  S ep -pak  C^g c a r t r i d g e s  (m ethod 2)*

In  each  e x p e rim e n t a  s u b s t a n t i a l  p r o p o r t io n  o f  lAA was m e ta b o lis e d  

(F ig .  22; T a b le  15 , colum n 1 ) ;  an  a v e ra g e  o f  47% o f  th e  r a d i o a c t i v i t y  

re m a in e d  a s s o c i a te d  w ith  a  p eak  w hich  s h a re d  th e  same r e t e n t i o n  tim e  as 

lAA. A c o rre s p o n d in g  f lu o r e s c e n c e ,  peak  was a l s o  o b s e rv e d  when th e  

e x c i t a t i o n  and e m is s io n  w a v e le n g th s  w ere s e t  a t  280 and  350 nm r e s p e c t i v e l y .  

A l l  th e  m a jo r  m e ta b o l i te s  o b s e rv e d  c o rre s p o n d e d  c lo s e l y  t o  p e a k s  p r e s e n t  i n  

r o o t  e x t r a c t s .  Peak 10 was t h e  m ost p ro m in e n t m e ta b o l i te  and  c o m p rised  a  

mean o f  35% o f  th e  l a b e l -  O th e r  compounds w ere p r o p o r t i o n a t e l y  re d u c e d  

and  c o u ld  n o t  a lw ays b e  d i s t i n g u i s h e d  from  b ack g ro u n d  r a d i a t i o n .  A lth o u g h  

o n ly  m e ta b o l i te s  3 ,4 ,5 ,1 0  and  11 a p p e a re d  c o n s i s t e n t l y ,  peak  2 a lo n e  was 

a b s e n t  from  a l l  c o l e o p t i l e  e x t r a c t s .

The a v e ra g e  amount o f  r a d i o a c t i v i t y  ta k e n  up b y  th e  t i s s u e  was 121 Bq 

seg m en t”  ̂ ( e q u iv a le n t  t o  a p p ro x im a te ly  57 pmol lAA), The e x t r a c t i o n  

e f f i c i e n c i e s  f o r  a l l  c o l e o p t i l e  e x p e r im e n ts  w ere h ig h  ( a t  l e a s t  90%; T a b le s  

16 , 18 and  20 ) .  A s m a ll  and v a r i a b l e  amount o f  r a d i o a c t i v i t y  rem a in e d  

u n a c c o u n te d  f o r  a t  th e  end  o f  e a ch  e x p e r im e n t . L ab e l was a l s o  l o s t  d u r in g  

p r e p a r a t i o n  o f  sam p les  f o r  HPLC (up to  22%),  V ery l i t t l e  breakdow n o f  lAA 

to o k  p la c e  i n  th e  in c u b a t in g  s o l u t i o n ,  t h e  amount o f  r a d i o a c t i v i t y  a s s o c i a t e d  

w ith  th e  lAA peak  n e v e r  b e in g  l e s s  th a n  94% (T a b le  1 5 ) ,

lAA Breakdown d u r in g  Sam ple P r e p a r a t i o n

As w ith  e x p e rim e n ts  on th e  m e ta b o lism  o f  lAA i n  r o o t  t i s s u e ,  c o n t r o l s  

w ere in c lu d e d  t o  t e s t  w h e th e r  breakdow n o c c u r r e d  d u r in g  th e  p r e p a r a t i o n  o f  

e x t r a c t s  f o r  a n a l y s i s .  A l iq u o ts  o f  IAA-2-^^C w ere added  t o  3 s e p a r a te  

m e th a n o lic  e x t r a c t s  o f  20 c o l e o p t i l e  seg m en ts  e a c h . Sam ples w ere p r e p a r e d  

f o r  HPLC a n a ly s i s  u s in g  S ep -p ak  C^g c a r t r i d g e s  (m ethod 2 ) ,  A s m a ll  amount 

o f  peak  10 was p r e s e n t  i n  each  t r a c e  ( F ig .  2 3 ) .  The a v e ra g e  p r o p o r t io n  o f  

r a d i o a c t i v i t y  l o s t  d u r in g  s a n p le  p r e p a r a t i o n  was 26% (T a b le  1 7 ) .
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lAA

w

œ

Retention Time (min)

F ig . 22. M etabo lism  o f  IM -2 -^ ^ C  b y  c o l e o p t i l e  t i s s u e s  o f  Zea mays 
s e e d l i h p " ' f  ~HF LC 'âïm i y s t s :— “20 i n .'dim gTSisii

l i g h t )  w ere in c u b a te d  i n  10~^ mol m ^ IAA-2-^^C  f o r  2h .
T ra ce  r e p r e s e n t s  a  t y p i c a l  r e s u l t  from  3 r e p l i c a t e  e x p e r im e n ts . 
Root e x t r a c t s  c o n ta in in g  lAA m e ta b o l i te s  w ere u se d  as  s ta n d a r d s  
f o r  num bering  o f  p e a k s . S o lv e n t  g r a d i e n t  : 10-60% m eth an o l 
o v e r  30 m in. Flow r a t e  : 0 .7 5  cm min . D e te c to r  : hom ogeneous 
r a d i o a c t i v i t y  m o n ito r ;  30 cp s  f u l l  s c a l e  d e f l e c t i o n ;  10s tim e  
c o n s ta n t .
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F ig , 23. lAA d e g ra d a t io n  d u r in g  p r e p a r a t i o n  o f  c o l e o p t i l e  e x t r a c t s  f o r  
HPLC a n a l y s i s . IA A -2-W c was added  t o  m e t h a n o l i c c o l e o p t i l e  
e x t r a c t s  and sam p les  p r e p a r e d  f o r  HPLC a n a ly s i s  u s in g  S ep -pak
Cj^g c a r t r i d g e s  (m ethod 2 ) .  
r e s u l t s  from  3 e x t r a c t s . 
o v e r  20 m in. Flow r a t e  ; 
r a d i o a c t i v i t y  m o n ito r ;  30

The t r a c e  r e p r e s e n t s  t y p i c a l  
S o lv e n t  g r a d ie n t  : 10-60% m eth an o l 
1 cm min" . D e te c to r  : hom ogeneous 
cps f u l l  s c a l e ,  10s t im e  c o n s ta n t .
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T a b le  17 : Loss o f  IAA-2-^^C d u r in g  p r e p a r a t i o n  o f c o n t r o l c o l e o p t i l e

e x t r a c t s  f o r  HPLC a n a ly s i s

REPLICATE 1 2 3

1, I n i t i a l  r a d i o a c t i v i t y  
i n  e x t r a c t  (Bq) 887 931 993

2 . R a d io a c t iv i t y  i n  e x t r a c t  
a f t e r  p r e p a r a t i o n  f o r  
HPLC a n a ly s i s  (Bq)

626 686 761

3, 2 e x p re s s e d  as a  
p e rc e n ta g e  o f  1 71% 74% 77%

M etab o lism  o f  I A A - 2 - b y  B o ile d  C o le o p t i le  Segm ents

C o le o p t i le  t i s s u e  (g ro u p s  o f  20 o r  40 seg m en ts) w hich h a d  b e e n  b o i l e d  

f o r  2 min was in c u b a te d  i n  aqueous s o lu t i o n s  o f  IAA-2-^^G (lO "^  mol m"^) 

f o r  2h .

A f t e r  fo l lo w in g  th e  s ta n d a r d  w a sh in g  p ro c e d u r e ,  p l a n t  m a t e r i a l  was 

e x t r a c t e d  o v e rn ig h t  witth m e th a n o l, and sam p les  p r e p a r e d  f o r  HPLC a n a ly s i s  

u s in g  S ep-pak  C^g c a r t r i d g e s  (m ethod 2 ) .

As w ith  th e  p r e v io u s  c o n t r o l ,  th e  m a jo r i ty  o f  th e  r a d i o a c t i v i t y  rem a in e d  

a s s o c i a te d  w ith  th e  lAA p eak  (F ig , 24 ; T a b le  15) a l th o u g h  a  s m a ll  amount 

o f  peak  10 was p r e s e n t ,  r e p r e s e n t in g  a  mean o f  3% o f  t h e  r a d i o a c t i v i t y  in  

t h e  e x t r a c t .  L o sses  o f  r a d i o a c t i v i t y  and e x t r a c t i o n  e f f i c i e n c i e s  w ere 

s i m i l a r  t o  th o s e  f o r  l i v i n g  t i s s u e  (T a b le  1 6 ) . In  c o n t r a s t  t o  th e  r o o t  

e x p e r im e n ts  th e  u p ta k e  o f  r a d i o a c t i v i t y  h a d  in c r e a s e d  by  a  mean o f  51%.
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10 20 
Reten t ion  Time ( min )

Fig. 24. Metabolism of IAA-2- C by boiled coleoptile  segments
T2h i n c u b a t i T r a c e  represents a typical resu lt~  
from 3 replicate experiments. Solvent gradient 
10-60% methanol over 30 min. Flow rate : 0.75 cm min 
Detector : homogeneous radioactivity monitor; 300 cps 
fu l l  scale deflection; 10s time constant.
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F . 2.  M etab o lism  o f  lAA b y  C o le o p t i l e  Segm ents E xposed  t o  L ig h t d u r in g  

S e c t io n in g

C o le o p t i le s  f o r  l a r g e - s c a l e  e x p e r im e n ts  w ere s e c t io n e d  i n  t h e  

l a b o r a to r y .  An e x p e r im e n t was t h e r e f o r e  c a r r i e d  o u t  t o  d e te rm in e  th e  

e f f e c t  o f  t h i s  s h o r t  e x p o su re  t o  l i g h t  on th e  m e ta b o lism  o f  lAA. Groups 

o f  20 c o l e o p t i l e  segm en ts w ere in c u b a te d  i n  aqueous IAA-2 -^^C  ( 10~^ mol m 

f o r  2h. P la n t  m a t e r i a l  was b o th  grown and  in c u b a te d  in  d a rk n e s s ,  b u t

s e c t i o n s  w ere c u t i n  th e  l a b o r a to r y .  T h is  to o k  a p p ro x im a te ly  15 m in .

A n a ly s is  o f  m e th a n o lic  e x t r a c t s ,  p r e p a r e d  a c c o rd in g  to  e i t h e r  m ethod 

1 o r  2 r e v e a le d  a  p a t t e r n  o f  m e ta b o lism  c lo s e ly  s i m i l a r  t o  t h a t  o b ta in e d  i n  

e x p e rim e n t F*1 w ith  c o l e o p t i l e  seg m en ts  c u t  i n  dim g re e n  l i g h t  (T a b le  1 5 ) .

No s i g n i f i c a n t  d i f f e r e n c e s  c o u ld  b e  fo u n d  i n  e i t h e r  t h e  amount o f  lAA 

m e ta b o lis e d  (a  mean o f  52% com pared w ith  53% f o r  e x p e rim e n t F . l )  o r  th e  

p r o d u c ts  o b ta in e d .  U ptake and  e x t r a c t i o n  e f f i c i e n c i e s  w ere a l s o  n o t  

s i g n i f i c a n t l y  a f f e c t e d  (T a b le  1 6 ) .

F .3 .  E f f e c t  o f  V a ry in g  th e  E x te r n a l  C o n c e n tra t io n  o f  lAA on i t s  M etab o lism  

b y  C o le o p t i le  Segm ents

C o le o p t i le  segm en ts ( c u t  i n  th e  la b o r a to r y )  w ere in c u b a te d  i n  g roups

o f  20 in  t h r e e  d i f f e r e n t  c o n c e n t r a t io n s  o f  I A A - 2 - (10 10 ^ and 10 ^

mol m ) f o r  2h , A f te r  w a sh in g  ( M a te r ia l s  and M e th o d s) , t i s s u e  was e x t r a c t e d

w ith  m eth an o l and sam p les  p r e p a r e d  f o r  HPLC a n a ly s i s  u s in g  S ep -p ak  C^g

c a r t r i d g e s  (m ethod 2 ) .

No c o n s i s t e n t  and s i g n i f i c a n t  d i f f e r e n c e s  c o u ld  b e  found  in  th e  m e ta b o lism

p a t t e r n s  o b ta in e d  a t  d i f f e r e n t  c o n c e n t r a t io n s  ( F ig .  2 5 , T a b le  1 8 ) . The

a v e ra g e  p ro p o r t io n s  o f  r a d i o a c t i v i t y  re m a in in g  a s s o c i a te d  w i th  t h e  lAA peak

were 57%, 45% and 58% f o r  e x t e r n a l  lAA c o n c e n t r a t io n s  o f  10 10~^ and 10 ^
-3

mol m r e s p e c t i v e l y , .  Peak 10 was a lw ay s t h e  m ost p ro m in e n t m e ta b o l i te  w ith  

p eak  4 a l s o  c o n s i s t e n t l y  p r e s e n t .  V a r ia t io n  i n  t h e  m in o r com ponents o b se rv e d ^  

a p p e a re d  t o  be  due t o  t h e  l i m i t a t i o n s  o f  t h e  d e t e c t o r  s e n s i t i v i t y .  The
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F ig . 2 5 . M etab o lism  o f  IAA-2-^^C s u p p l i e d  a t  3 d i f f e r e n t  con c e n t r a t i o n s  %o 
Zea mays c o l e o p t i l e  segm en ts (2h in c u b a t io n ) ,  a .  10"^ mol m” ^ ,
? "  10“ ^ mol m“ ^ , Ç. 10-1  m o l , m - 3 . E a c h  t r a c e  r e p r e s e n t s  t y p i c a l  
r e s u l t s  from  3 r e p l i c a t e  e x p e r im e n ts . S o l v e n t - g r a d i e n t :
10-60% m eth an o l o v e r  20 m in. Flow r a t e :  1 cm m in . u e t e c to r :
hom ogeneous r a d i o a c t i v i t y  m o n ito r ;  30 cps f u l l  s c a l e  d e f l e c t i o n
( a .  and  c . ) ,  100 cp s  ({>) ; 10s rim e c o n s ta n t .
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la c k  o f  peak  1 , w hich was p r e s e n t  i n  some e x t r a c t s  i n  E x p e rim en ts  F . l  and 

F . 2 ,  was p ro b a b ly  a  r e s u l t  o f  i t s  l o s s  d u r in g  p u r i f i c a t i o n  o f  sam p les u s in g  

S ep -pak  C^g c a r t r i d g e s  ( s e e  E x p e rim en t B . 5 ) .  The d i f f e r e n t  e x t e r n a l  lAA 

c o n c e n t r a t io n s  a l s o  had  no e f f e c t  on th e  e x t r a c t i o n  e f f i c i e n c y  w hich was 

a lw ays a t  l e a s t  95%. -

-3  -3At t h e  lo w e s t c o n c e n t r a t io n ,  i . e .  10 mol m lAA, t h e  a v e ra g e  amount 

o f  r a d i o a c t i v i t y  ta k e n  up o v e r  2h  was e q u iv a le n t  t o  7 .0  pmol segm ent ^ , 

( j iv e n  t h a t  a p p ro x im a te ly  57% o f  t h i s  rem a in e d  a s s o c i a te d  w ith  th e  lAA p e a k , 

t h e  amount o f  exogenous lAA i n  th e  t i s s u e  a f t e r  t h i s  t im e  a p p e a re d  to  be 

c i r c a  4 .0  pmol se g m e n t"^ ,

F .4 ,  T im e-C ourse  o t  >IAA M etab o lism  b y  Zea mays C o le o p t i le  Segm ents

F ou r g ro u p s  o f  20 c o l e o p t i l e  segm en ts ( c u t  i n  t h e  l a b o r a to r y )  w ere 

p la c e d  i n  aqueous s o lu t i o n s  o f  I A A - 2 - (10 ^ mol m and in c u b a te d  f o r  

v a r io u s  t im e s :  T ab le . 19.

T a b le  19 : I n c u b a t io n  p r o to c o l f o r  t im e - c o u r s e  e x p e rim e n ts  on lAA

m eta b o lism  i n  c o l e o p t i l e  segm en ts

D ish Time in c u b a te d  
i n  ^^C-IAA

Time in c u b a te d  
i n  d i s t i l l e d  w a te r

T o ta l  in c u b a t io n  
tim e

1 10 min - 10 min

2 1 h - 1 h

3 1 h 3 h 4 h

4 1 h 23 h 24 h

S e c t io n s  in c iA )a ted  f o r  lo n g e r  th a n  lh  w ere  w ashed  th o ro u g h ly  ( M a te r ia l s  and 

M ethods) b e f o r e  t r a n s f e r r i n g  t o  d i s h e s  o f  d i s t i l l e d  w a te r  f o r  th e  re m a in d e r  

o f  th e  in c u b a t io n  t im e .  M ethano l e x t r a c t s  w ere p r e p a r e d  f o r  HPLC a n a ly s i s  

u s in g  Sep-pak  C^g c a r t r i d g e s  (m ethod  2 ) ,
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M etab o lism  o f  lAA was s lo w e r  th a n  i n  r o o t  t i s s u e s ,  w ith  no p ro d u c ts  

a p p a re n t  a f t e r  a  10 min in c u b a t io n  ( F ig .  2 6 ; T a b le  2 0 ) .  However^ i n  

common w ith  r o o t  e x p e r im e n ts  v e ry  l i t t l e  ÎAA was d e t e c t a b l e  a f t e r  24h (lAA 

was o n ly  o b se rv e d  i n  one r e p l i c a t e ) . A f t e r  4h th e  lAA peak  was a p p ro x im a te ly  

15% o f  t h e  s i z e  o f  peak  10. Peak 10 was th e  m ost p ro m in e n t m e ta b o l i te  a t  

each  t im e . O th e r  p e a k s  w ere  s m a l l  and v a r i a b l e ,  a l th o u g h  p e a k s  7 and 8 

h a d  c o n s i s t e n t l y  i n c r e a s e d  i n  s i z e  a f t e r  a  24h in c u b a t io n .  As w ith  r o o t  

e x p e r im e n ts , t h e r e  w ere no c l e a r  i n d i c a t i o n s  o f  c o n v e rs io n s  o f  one m e ta b o l i te  

i n t o  a n o th e r .

C o n c lu s io n s

M etab o lism  o f  IAA-2-^^C b y  Z ea mays c o l e o p t i l e  segm en ts was r a p id ^ w i th  

a p p ro x im a te ly  4?% o f  r a d i o a c t i v i t y  re m a in in g  a s s o c i a te d  w ith  th e  lAA p eak  

a f t e r  2h in c u b a t io n .  D u rin g  s h o r t  in c u b a t io n  t im e s  th e  amount o f  lAA 

m e ta b o lis e d  b y  c o l e o p t i l e s  was s i g n i f i c a n t l y  l e s s  th a n  i n  r o o t s .  The 

p r o d u c ts  o f  lAA m e ta b o lism  i n  r o o t s  and c o l e o p t i l e s  a p p e a re d  t o  b e  s i m i l a r  

a lth o u g h  peak  10 h a d  g r e a t e r  p ro m in en ce  i n  c o l e o p t i l e  e x t r a c t s .  C o n tro ls  

f o r  m e ta b o lism  b y  dead  t i s s u e ,  and f o r  breakdow n o f  lAA d u r in g  sam p le  

p r e p a r a t i o n  i n d i c a t e d  t h a t  m e ta b o lism  was g e n u in e ly  t a k in g  p la c e  i n  th e  

l i v i n g  t i s s u e .  M e tab o lism  o f  lAA i n  s t e r i l e  c o l e o p t i l e s  was n o t  i n v e s t i g a t e d .  

The e x p o su re  o f  c o l e o p t i l e s  to  l i g h t  f o r  a  s h o r t  p e r i o d  d u r in g  s e c t i o n  c u t t i n g  

d id  n o t  a f f e c t  th e  r a t e  o r  p a t t e r n  o f  lAA m e ta b o lism . Changes in  th e  

exogenous lAA c o n c e n t r a t io n  a l s o  d id  n o t  a l t e r  i t s  m e ta b o lism .
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F ig , 26 . T im e -c o u rse  o f  IAA-2-^^C m e ta b o lism  by  Zea may§ c o l e o p t i l e  s e g m e n ts .
T is s u e  was in c u b a te d  "in iAA-2-^^L' ( i u~^  moT m f o r  up t o  l h ,  th e n  
w ashed and t r a n s f e r r e d  t o  d i s t i l l e d  w a te r ,  (a )  lOmin in c u b a t io n ,
(b) l h ,  (c )  4 h , (d) 24h . Each t r a c e  r e p r e s e n t s  t y p i c a l  r e s u l t s  from
3 r e p l i c a t e  e x p e r im e n ts .  S o lv e n t g r a d i e n t :  10-60% m eth an o l o v e r
30 m in . Flow r a t e :  1 cm min . D e te c to r :  hom ogeneous r a d i o a c t i v i t y
m o n ito r ;  30 cps  f u l l  s c a l e  d e f l e c t i o n ;  10s tim e  c o u rs e .
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T a b le  20 ; M etab o lism  o f  IA A -2 -^ tc  b y  Zea mays c o l e o p t i l e  segm en ts  o v e r  

a  24h tim e  c o u rs e .  T is s u e  was in c u b a te d  i n  IAA-2 -^^C (10  ̂

mol m" ) f o r  up t o  l h ,  th e n  w ashed and t r a n s f e r r e d  t o  d i s t i l l e d  

w a te r .  E x t r a c t s  d e s ig n a te d  (S) w ere p u r i f i e d  u s in g  S ep -p ak  C^g 

c a r t r i d g e s .  The e x p e r im e n t was c a r r i e d  o u t  i n  t r i p l i c a t e .  

M e ta b o l i te  p e a k s  w ere  nuinbered u s in g  a  r o o t  e x t r a c t s  as  s ta n d a r d s  ; 

s e e  E x p t, A .2 F ig ,  8 ( 1 ) .

I n c u b a t io n  Time M e ta b o l i te  p e a k s  p r e s e n t  i n  m eth an o l 
e x t r a c t  i n  o r d e r  o f  d e c re a s in g  h e ig h t  ( 1)

lAA o n ly

10 min lAA o n ly  (S3

lAA o n ly  (S)

lAA, 10 , 11

1 h lAA, 10, 11 (S)

lAA, 10 , 11 ( 8 )

10 , 3 , lAA, 1 1 , 7 /8

4 h 10 , lAA, 11 , 7 /8 ,  3 (S3

1 0 , 11 , lAA, 7 /8 ,  3 (S3

10, 8 , 7 , 3 , 1 , 9 ,  4

24 h 1 0 , 8 , 7 , 9 ,  3 ,  2 (S3

1 0 , 1 1 , 8 , 7 , 9 ,  lAA (S3
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G. M etabolism o f  IAA-2-^^C Transported through Zea mays C o leo p tile  Segments

In  th e  p re v io u s  e x p e r im e n t i t  was shown t h a t  Zea mays c o l e o p t i l e  t i s s u e  

i s  c a p a b le  o f  r a p i d  m e ta b o lism  o f  lAA. T h is  h as  p o t e n t i a l l y  im p o r ta n t  

co n seq u e n c e s  f o r  th e  i n t e r p r e t a t i o n  o f  p u b l is h e d  r e s u l t s  on th e  t r a n s p o r t  o f  

lAA. An e x p e rim e n t was t h e r e f o r e  c a r r i e d  o u t t o  i n v e s t i g a t e  th e  m e ta b o lism  

o f  IAA-2 -^^C m oving b a s i p e t a l l y  a lo n g  c o l e o p t i l e  se g m e n ts .

L a b e lle d  lAA was s u p p l ie d  from  a g a r  b lo c k s  (dono r b lo c k s )  t o  th e  a p ic a l  

ends o f  s e c t i o n s .  R a d io a c t iv i t y  d i f f u s i n g  from  th e  b a s a l  ends was c o l l e c t e d  

in  a g a r  ( r e c e iv e r  b lo c k s )  w hich  a l s o  s e rv e d  to  p r e v e n t  d ry in g  o f  th e  t i s s u e ,  

C o le o p t i le  seg m en ts  w ere th u s  in c u b a te d  in  p e t r i d i s h e s , i n  fo u r  g ro u p s o f  2 0  ̂

f o r  4h i n  d a rk n e s s .  A f te r  rem ov ing  1mm from  each  end  o f  th e  s e c t i o n s ,  b o th  

t i s s u e  and a g a r  b lo c k s  w ere e x t r a c t e d  w ith  m e th a n o l. C o le o p t i le  e x t r a c t s  

w ere  p u r i f i e d  u s in g  S ep -pak  Ĉ ĝ c a r t r i d g e s  (m ethod 2) p r i o r  to  HPLC a n a l y s i s .  

Sam ples from  a g a r  b lo c k s  w ere p r e p a r e d  a c c o rd in g  t o  m ethod 1.

S u b s t a n t i a l  m e ta b o lism  o f  lAA to o k  p la c e  w i th in  th e  p l a n t  t i s s u e  (F ig .

2 7; T a b le  21) .  A p p ro x im a te ly  25% o f  th e  r a d i o a c t i v i t y  rem a in e d  a s s o c i a te d  

w ith  th e  lAA peak  a f t e r  4h . M e ta b o l i te s  3 and 10 a r e  s e e n  in  F i g .  26.  In  

a  r e p e a t  e x p e rim e n t sm a ll am ounts o f  p e a k s  6 , 7 and 8 w ere  a l s o  v i s i b l e .

In  c o n t r a s t ,  o n ly  a s i n g l e  p e a k , w hich co -c h ro m a to g ra p h e d  w ith  lAA, was 

o b s e rv e d  i n  e x t r a c t s  from  r e c e i v e r  b lo c k s .  When m e th y la te d  u s in g  

d iazo m eth an e  a compound was form ed w hich c o -c h ro m a to g ra p h e d  w ith  lA A -m ethyl 

e s t e r  on th e  HPLC (F ig . 2 8 ) .  F u r th e r  p r o o f  t h a t  o n ly  lAA h ad  re a c h e d  th e  

r e c e i v e r  b lo c k  o f  a g a r  came from  GC-MS a n a l y s i s .  When u se d  in  th e  s e l e c t e d  

io n .m o n i to r in g  mode and tu n e d  f o r  io n s  w ith  202 a  peak  was o b se rv e d  w ith  

th e  same r e t e n t i o n  tim e  a s  lAA ( F ig .  29 ) .

Only a  v e ry  s m a ll  p r o p o r t io n  o f  th e  IAA-2-^^C re m a in in g  in  th e  do n o r 

b lo c k s  h ad  u ndergone  m o d i f ic a t io n .
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F i g ,  27,  HPLC a n a ly s i s  o f  m e th an o l e x t r a c t ,  from  c o l e o p t i l e  segm en ts 
s u p p l ie d  w ith  lAA from  a g a r  b l o c k s /  and o f  e x t r a c t s  from
a g a r  r e c e i v e r b lo c k s ,  4h in c u b a t io n ,  HP^C c o n d i t io n s :  10-60%
m eth an o l o v e r  30 m in . F low  r a t e :  0 , 7 5  cm min , Homogeneous 
r a d i o a c t i v i t y  m o n ito r ;  SOcps f u l l  s c a le  d e f l e c t i o n ;  10s tim e  
c o n s ta n t



125

T a b le  21 : Meta b o l is m  o f  I A A - 2 - t r a n s p o r t e d  down Zea mays c o l e o p t i l e

s e g m e n ts . Segm ents w ere s u p p l ie d  w ith  lAA-2-^^C from  a g a r  

b lo c k s  p la c e d  a t  th e  a p ic a l  ends and in c u b a te d  f o r  4h . The 

e :xperim ent was r e p e a te d  i n  d u p l i c a t e .

Amount o f  
R a d io a c t iv i t y  

CBq)

% o f  r a d i o a c t i v i t y  
re m a in in g  a s s o c i a te d  

w ith  lAA peak

Donor b lo c k 1 2 ,6 0 0 92

19 ,400 98

C o le o p t i le  e x t r a c t 1 ,0 1 4 26

2 ,5 6 0 25

R e c e iv e r  b lo c k 917 97

1 ,8 8 0 100
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F ig . 2 8 . HPLC A n a ly s is  o f  r a d i o a c t i v i t y  c o l l e c t e d  in  a g a r  " r e c e iv e r  
b lo ck " , a f t e r  m é th y la t io n  u s in g  d ia z o m e th a n e . S o lv e n t 
g r a d ie n t  : 50-100% m eth an o 1 o v e r  20 m in . Flow r a t e :
0 , 7 5  cm^m in"^. D e te c to r :  hom ogeneous r a d i o a c t i v i t y
m o n ito r ;  10 cps f u l l  s c a l e  d e f l e c t i o n ;  10s tim e  c o n s ta n t .
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lAA-TM Si

CvJ
O
CNI

cul

0 0
T R TR

F ig . 2 9 . GC-MS A n a ly s is  o f  t h e  IAA peak  from  m e th a n o lic  e x t r a ç ^ s  o f

" r e c e i v e r  b lo c k s " ,  a f t e r  p u r i f i c a t i o n  by  HPLC, and d e r i v a t l s a t i o n  

u s in g  BSTFA.

GC colum n: 5 f t  x %" (1,52m  x 6.35mm) 3% D e x il-3 0 0  on S u p e lc o p b r t
3 — 1100-120 . T e m p e ra tu re : 190®c i s o th e r m a l .  Flow r a t e :  20 cm min 

MS C o n d i t io n s :  24 eV; S o u rce  te m p e ra tu re  280®C; S e p a ra to r

te m p e ra tu re  250°C. (a )  e x t r a c t  o n ly . (b) e x t r a c t  p lu s  c o in j e c t i o n

o f  lAA-TMSi s ta n d a r d .
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C o n c lu s io n s

IAA-2-^^C s u p p l i e d  t o  c o l e o p t i l e  segm ents  from  a p i c a l l y  p l a c e d  a g a r  

b lo c k s  was s u b s t a n t i a l l y  m e ta b o l i s e d  by t h e  t i s s u e .  A com par ison  w i th  

F ig .  2^c i n d i c a t e d  t h a t  m e ta b o l is m  was somewhat s lo w e r  t h a n  t h a t  t a k i n g  p l a c e  

i n  c o l e o p t i l e s  s u p p l i e d  w i th  lAA from  t h e  i n c u b a t i n g  s o l u t i o n .

A n a ly ses  o f  r a d i o a c t i v i t y  i n  r e c e i v e r  b lo c k s  i n d i c a t e d  t h a t  th e  lAA 

m e t a b o l i t e s  form ed were n o t  m o b i le .  lAA a lo n e  was t r a n s p o r t e d .
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H. The Chemical Nature o f  IAA M etab o lites

A s e r i e s  o f  e x p e r im e n ts  were c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  c h e m ic a l  

s t r u c t u r e s  o f  t h e  p r o d u c t s  o f  lAA m e ta b o l is m .  For t h i s  p u rp o se  l a r g e

e x t r a c t s  were p r e p a r e d  from  10 o r  15 g roups  o f  50 r o o t  segm en ts  i n c u b a te d

-2  -3  14f o r  2h i n  10 mol m IAA-2- C. A f t e r  w ash ing  [ M a t e r i a l s  and M eth o d s ) ,

t h e  t i s s u e  was e x t r a c t e d  w i th  m e th a n o l .  For  t h e  m a j o r i t y  o f  s t u d i e s  t h e

e x t r a c t s  were p u r i f i e d  u s in g  S ep -pak  C^g c a r t r i d g e s  (Method 2 ) .  An a l i q u o t

o f  e a ch  sam ple  was a n a ly s e d  u s in g  HPLC and t h e  r e t e n t i o n  t im e s  o f  m e t a b o l i t e

p eak s  4-11  and t h e  lAA peak  were m e a s u re d .  The r e m a in d e r  o f  t h e  e x t r a c t

was t h e n  lo a d e d  o n to  t h e  column and m e t a b o l i t e s  c o l l e c t e d .  Peaks 1, 2 and

3 c o u ld  o n ly  be c o l l e c t e d  a t  a  v e r y  low y i e l d  and were n o t  u s e d .  The sam ples

were d r i e d  by f i r s t  b lo w in g  o f f  t h e  m ethano l  u n d e r  a  s t r e a m  o f  n i t r o g e n ,  t h e n

f r e e z e - d r y i n g .

H . l .  E xpe r im en t  t o  I n v e s t i g a t e  t h e  Number o f  R a d io a c t iv e  Compounds 

R e p re s e n te d  by each  Peak

Sam ples o f  i n d i v i d u a l  p eak s  were p r e p a r e d  as  d e s c r i b e d  a bove . Each 

was t h e n  r e a n a l y s e d  by HPLC, f i r s t l y  on a  s o l v e n t  g r a d i e n t  o f  10-60% m ethano l  

o v e r  30min t o  check  f o r  sam ple  d e g r a d a t i o n ,  and s e c o n d ly  by i s o c r a t i c  e l u t i o n .  

The e x p e r im e n t  was c a r r i e d  o u t  i n  t r i p l i c a t e .  The r e s u l t s  o f  t h e  g r a d i e n t  

a n a l y s i s  have  been  p r e s e n t e d  i n  E x p e r im en t  A .3 (T ab le  6 ) .  The compounds 

g i v in g  r i s e  t o  p e a k s  4 and 5 a p p e a re d  t o  be  i n t e r c o n v e r t e d .  A p r o p o r t i o n  o f  

p e a k s  6 and 11 had  been  m o d i f ie d  w h i l e  t h e  o t h e r  compounds rem a in e d  unchanged .

The r e s u l t s  o f  t h e  i s o c r a t i c  a n a ly s e s  a r e  g iv e n  i n  T a b le  22. In  each  

c a se  no f u r t h e r  r e s o l u t i o n  o f  p r o d u c t s  was o b s e rv e d ,  i n d i c a t i n g  t h a t  t h e  

r a d i o a c t i v i t y  i n  each  peak  i s  p r o b a b l y  a s s o c i a t e d  w i th  a  s i n g l e  compound.
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T a b le  22 : R e s u l t s  o f  i s o c r a t i c  HPLC a n a l y s i s  o f  IAA-2-^^C m e t a b o l i t e s  from

Zea mays r o o t  t i s s u e .  The e x p e r im e n t  was c a r r i e d  o u t  i n  

d u p l i c a t e .

M e ta b o l i t e
peak

% M ethanol i n  
b u f f e r  u se d  f o r  HPLC 

a n a l y s i s

No. o f  Peaks  o b s e rv e d

4 12% 2 Peaks (peaks  4 and 5)

5 12% 2 Peaks (peaks  4 and 5)

6 12% 2 Peaks (peak  6 and b r e a k ­
down p r o d u c t )

7 /8 18% 2 Peaks (peaks  7 and  8 )

9 23% S in g le  peak

10 23% S i n g le  peak

11 Not a n a ly s e d

lAA 50% S i n g le  peak
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H.2. P o la r ity  o f  IAA M etab o lites

In  a  r e v e r s e - p h a s e  HPLC sy s te m  compounds o f  g r e a t e s t  p o l a r i t y  a r e  

n o r m a l ly  e l u t e d  f i r s t .  I t  can  be s e e n  from  t h e  t r a c e s  o b t a i n e d  ( e . g .  F i g s .

8 and 22 ) t h a t  a l l  m e t a b o l i t e s  from  b o th  r o o t  and c o l e o p t i l e  segm ents  were 

e l u t e d  b e f o r e  lAA. T h is  i s  t h u s  a  good i n d i c a t i o n  t h a t  t h e  p r o d u c t s  a r e  

a l l  more p o l a r  t h a n  lAA i t s e l f .  I t  m ust be  rem embered, how ever, t h a t  t h e  

r e l a t i v e  p o l a r i t i e s  o f  compounds may be a l t e r e d  by th e  s o l v e n t  sy s te m . 

F u r th e rm o re ,  i n  a d d i t i o n  t o  t h e  main p r o c e s s  o f  s o l v e n t  p a r t i t i o n i n g ,  o t h e r  

e f f e c t s  such  a s  a d s o r p t i o n  may p l a y  a  p a r t  i n  t h e  s e p a r a t i o n .

H .3 .  E xper im en t  t o  I n v e s t i g a t e  w h e th e r  c a rb o n -1  o f  t h e  S id e  C hain  has  been  l o s t

An e x p e r im e n t  was c a r r i e d  o u t  t o  compare t h e  m e ta b o l is m  o f  lAA-l-^^C

w i th  t h a t  o f  IAA-2-^^C. Groups o f  50 r o o t  o r  20 c o l e o p t i l e  segm ents  ( c u t

i n  t h e  l a b o r a t o r y )  were i n c u b a t e d  f o r  2h i n  2 cm^ volum es o f  1 0 and 1 0 ^

-3mol m lAA r e s p e c t i v e l y . A f t e r  f o l l o w i n g  th e  s t a n d a r d  w ash ing  p r o c e d u r e ,

t i s s u e s  were e x t r a c t e d  w i th  m e t h a n o l . Sam ples were p r e p a r e d  f o r  HPLC a n a l y s i s

u s in g  e i t h e r  method 1 o r  m ethod 2 as  i n d i c a t e d  i n  T a b le  23.

HPLC a n a ly s e s  o f  b o th  r o o t  and c o l e o p t i l e  e x t r a c t s  showed m e ta b o lism

14p a t t e r n s  c l o s e l y  r e s e m b l in g  t h o s e  o b t a i n e d  i n  e x p e r im e n ts  u s in g  IAA-2- C 

( F ig s .  30 and 31, T a b le  2 3 ) .  The r a n g e  o f  m e t a b o l i t e  p e a k s  p r e s e n t  a p p e a re d  

t o  be t h e  same, a s  d id  t h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  r e m a in in g  a s s o c i a t e d  

w i th  t h e  lAA m o le c u le ;  means o f  38% compared w i th  31% f o r  r o o t s  and 51% 

compared w i th  48% f o r  c o l e o p t i l e s .  S i m i l a r  amounts o f  r a d i o a c t i v i t y  were 

a l s o  a s s o c i a t e d  w i th  peak  10. No s i g n i f i c a n t  d i f f e r e n c e s  be tw een  e x p e r im e n ts  

u t i l i s i n g  lAA -l-^^C  and IAA-2-^^C were found i n  t h e  q u a n t i t i e s  o f  r a d i o a c t i v i t y  

l o s t  d u r in g  i n c u b a t i o n  (T a b le  2 4 ) .  I t  would t h u s  a p p e a r  t h a t  a l l  t h e  m a jo r  

m e t a b o l i t e s  o f  lAA, o b s e rv e d  i n  t h e  p r e s e n t  ex p e r im en ts  on Zea mays s e e d l i n g s ,  

do n o t  r e p r e s e n t  p r o d u c t s  o f  a  d e c a r b o x y l a t i o n  r e a c t i o n .
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I A A

■a
7/8

0 10 20 
R e t e n t i o n  T i m e  ( m i n )

30

14F i g .  30 , M e ta b o l ism  o f  lA A - l -  C by r o o t  segm ents ( 2h i n c u b a t i o n  ) .
A t y p i c a l  r e s u l t  f rom  3 r e p l i c a t e  e x p e r i m e n t s .  HPLC c o n d i t i o n s !  
s o l v e n t - g r a d i e n t : 10-60% m eth a n o l  o v e r  30 m in . f lo w  r a t e :
0 ,7 5  cm min . d e t e c t o r :  homogeneous r a d i o a c t i v i t y  m o n i to r ;
30cps f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .



F i g .  31 . M e ta b o l ism  o f  lA A -l-^^C  by c o l e o p t i l e  segm ents  ( 2h i n c u b a t i o n  ) 

A t y p i c a l  r e s u l t  f rom  3 r e p l i c a t e  e x p e r im e n t s .

HPLC C o n d i t io n s !  S o lv e n t  g r a d i e n t ;  10 -  60 % m ethano l  o v e r  30 m in .
3 -1Flow r a t e ;  0 .7 5  cm min , D e t e c t o r :  homogeneous r a d i o a c t i v i t y  

m o n i to r ;  30cps f u l l  s c a l e  d e f l e c t i o n ;  10s t im e  c o n s t a n t .
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H .4 .  UV S p e c t ro m e t ry

The chrom ophore r e s p o n s i b l e  f o r  t h e  UV a b s o rb a n c e  o f  lAA i s  t h e  i n d o le  

n u c l e u s .  As t h i s  i s  n o t  a l t e r e d  d i r e c t l y  by t h e  c o n ju g a t io n  o f  t h e  m o le c u le  

w i th  amino a c i d s ,  s u g a r s  o r  myo-i n o s i t o l  t h e s e  compounds s h o u ld  have  UV 

a b s o r p t i o n  s p e c t r a  v e r y  s i m i l a r  t o  t h a t  o f  lAA (se e  F ig .  3 2 ) .  On t h e  o t h e r

han d , i f  t h e  m o le c u le  i s  o x i d i s e d ,  t h i s  w i l l  a l t e r  t h e  chrom ophore and t h u s

change t h e  s p e c t ru m  v e r y  s i g n i f i c a n t l y .  T h is  can be s e e n  by a c om par ison  o f  

t h e  s p e c t r a  o f  i n d o l e - 3 - a l d e h y d e ,  o x i n d o l e - 3 - a c e t i c  a c i d  and 5 - h y d r o x y in d o le -  

3 - a c e t i c  a c i d  w i th  t h a t  o f  lAA ( F ig .  3 3 ) .

Thus i f  a  m e t a b o l i t e  i s  found  t o  have  an a b s o r p t i o n  sp e c t ru m  i d e n t i c a l  

t o  t h a t  o f  lAA t h i s  would be a  c l e a r  i n d i c a t i o n  t h a t  i t  r e p r e s e n t s  a  

c o n ju g a t e  o f  lAA. U n f o r t u n a t e l y  m ost o f  t h e  m e t a b o l i t e s  were n o t  s u f f i c i e n t l y  

p u r i f i e d  t o  g iv e  a d e f i n i t i v e  UV s p e c t ru m .  However, t h e  UV s p e c t ru m  o f  t h e  

combined peaks  7 and 8 was v e r y  s i m i l a r  t o  t h a t  o f  lAA, w i th  a  b ro a d  peak  a t  

272-282 nm and s h o u ld e r s  a t  268 and  289 nm ( F ig .  3 4 ) .  The sam ple  a l s o

c o n ta i n e d  a t  l e a s t  one o t h e r  UV a b s o r b in g  s u b s ta n c e .  T h is  r e s u l t  was o b t a i n e d

i n  t h r e e  s e p a r a t e  e x p e r im e n t s .  T hus , a t  l e a s t  one component o f  t h i s  p eak  

a p p e a r s  t o  be a c o n ju g a t e  o f  lAA.

H .5 .  M é th y la t i o n  o f  lAA M e ta b o l i t e s

The lAA m e t a b o l i t e s  were d e r i v a t i s e d  u s in g  d iaz o m eth a n e  which r e a c t s  

r a p i d l y  w i th  o r g a n i c  a c id s  t o  fo rm  t h e  c o r r e s p o n d in g  m ethy l  e s t e r s .

D iazom ethane a l s o  r e a c t s  w i th  p h e n o ls  t o  g iv e  t h e  c o r r e s p o n d in g  m ethy l e t h e r s .  

Both t y p e s  o f  p r o d u c t  w i l l  be l e s s  p o l a r  t h a n  t h e  s t a r t i n g  m a t e r i a l .

A f t e r  m é t h y la t i o n  each  lAA m e t a b o l i t e  was a n a ly s e d  by HPLC. The r e s u l t s  

a r e  sum m arised  i n  T ab le  25. The e x p e r im e n t  was p e rfo rm e d  once .
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250 300
WAVELENGTH' CNM)

350 400

F i g . 32 .  UV a b s o rb a n c e  s p e c t r a  o f  lAA and two amino a c i d  c o n ju g a t e s  
o f  i 'aaT " '
------------ lAA
------------lA A -g ly c in e
................ lA A -v a l in e
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F i g .  33 . UV a b s o rb a n c e  s p e c t r a  o f  lAA and i t s  o x i d a t i o n  p r o d u c t s .

lAA
------------- 5 “H y d ro x y in d o le ~ 3 “ a c e t i c  a c id
 ........ O x i n d o l e - 3 - a c e t i c  a c i d

I n d o l e —3 —a ld e h y d e
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Peaks 7 and 8QJu
C
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lAA Standard

250 300 350 400
W avelength  (nm )

F i g .  34. UV a b s o rb a n c e  sp e c t ru m  o f  m e t a b o l i t e  peak  7 /8  a f t e r  p u r i f i c a t i o n  
by HPLC, and compared w i th  lAA s ta n d a r d
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Table 25 : R esu lts o f  m eth ylatin g  lAA m eta b o lite s

Peak No P ro d u c t  o f  m é th y la t i o n

4 in c o n c l u s i v e

5 i n c o n c l u s iv e

6 i n c o n c l u s iv e

7 /8 u n r e a c t e d  s t a r t i n g  m a t e r i a l  p l u s  
one peak  w i th  a  T_ b e tw e en  t h a t  
o f  lAA and m ethy l- lA A .

9 s i n g l e  peak w i th  T_ be tw een  t h a t  
o f  lAA and m ethy l- lA A .

10 n o t  a n a ly s e d

11 s i n g l e  peak  w i th  same T„ as  
m ethy l- lA A

lAA s i n g l e  peak  w i th  same Tj  ̂ as 
s t a n d a r d  m ethy l- lA A

The r a d i o a c t i v e  compound r e p r e s e n t e d  by peak 9 and a component o f  peak  

7 /8  a p p e a re d  t o  m e t h y l a t e ,  fo rm in g  p r o d u c t s  c o n s id e r a b l y  l e s s  p o l a r  t h a n  th e  

s t a r t i n g  m a t e r i a l .  In  v iew  o f  t h e  a p p a r e n t l y  h ig h  p o l a r i t y  o f  t h e s e  m e ta ­

b o l i t e s  p r i o r  t o  m é t h y l a t i o n ,  t h e y  p r o b a b l y  p o s s e s s  a c a rb o x y l  g ro u p .

T re a tm e n t  o f  t h e  peak  c o n t a i n i n g  p u t a t i v e  '*'^C-IAA w i th  d iaz o m eth a n e  r e s u l t e d  

i n  a  p r o d u c t  w hich  c o -c h ro m a to g ra p h e d  w i th  a u t h e n t i c  lAA-methyl e s t e r .  T h is  

p r o v id e d  f u r t h e r  e v id e n c e  t h a t  t h e  o n ly  r a d i o a c t i v e  component o f  t h i s  peak  

was lAA. M é th y la t io n  o f  peak  11 a l s o  r e s u l t e d  i n  a  r a d i o a c t i v e  p r o d u c t  which 

had  t h e  same r e t e n t i o n  t im e  as  m ethy l  lAA. However, t h e  compound r e p r e s e n t e d  

by p eak  11 was somewhat l a b i l e  and a p p e a re d  t o  r e v e r t  t o  lAA u n d e r  c e r t a i n  

c o n d i t i o n s  ( s e e  Expt H .6 ) .  I t  i s  l i k e l y  t h a t  t h i s  m e t a b o l i t e  had  r e v e r t e d  

t o  lAA p r i o r  t o  m é t h y la t i o n .
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H.6.  H ydrolysis o f  lAA M etabolites

This work is  of a preliminary nature. Two different hydrolysis 

conditions were used, as described by Bandurski and Schulze (1977). They 

reported that esters of lAA with glucose, myo-inositol and oligosaccharides 

could be hydrolysed using 10  ̂ mol ra  ̂ NaOH for Ih at 22 to 25°C but that 

hydrolysis of peptidyl lAA required more rigorous conditions of 7 x 10 mol m 

NaOH at 100°C for 3h. Hydrolysis of the compounds represented by peaks 4-11 

was attempted. The effect of these conditions on lAA was also monitored.

After each treatment, the reaction mixture was neutralised, and the radioactive 

products analysed by HPLC. The results are presented in Table 26. The 

experiment was performed once.

Table 26 : Results of Hydrolysis of Metabolites

Peak No Products of Hydrolysis
10  ̂ mol m"̂  NaOH, 22°C 7 X 10  ̂ mol m'^ NaOH, 100°C

6

7/8

10

11

lAA

Peak with same T as 
peak 1

Peak with same T as 
peak 1/2

Peak with same T̂  as peak 1/2

No effect

No effect

Several peaks

Peak with same T„ as 
lAA

No effect

Peak with same T_ as 
peak 1/2

Peak with same T_ as 
pehk 1/2

Peak with same T„ as 
peak 1/2
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Only one m e t a b o l i t e  ( r e p r e s e n t e d  by peak  11) a p p e a re d  to  be h y d r o ly s e d  t o  lAA. 

A f t e r  t r e a t m e n t  w i th  10 mol m NaOH a t  room t e m p e r a tu r e  t h i s  m e t a b o l i t e  was 

c o n v e r t e d  to  a  p r o d u c t  w i th  t h e  same r e t e n t i o n  t im e  as  lAA. Peak 11 th u s  

p r o b a b ly  r e p r e s e n t s  an e s t e r  o f  lAA w i t h  a s u g a r  o r  m y n - i n o s i t o l . The 

r a d i o a c t i v e  components o f  p e a k s  4 ,  5 and 6 were  a l s o  a l t e r e d  by m ild  h y d r o l y s i s  

c o n d i t i o n s .  However, t h e  p r o d u c t s  w ere  h i g h l y  p o l a r  compounds w hich were 

e l u t e d  c l o s e  t o  t h e  v o id  volum e. T h e re  i s  no need  t o  assume t h a t  t h e  p r o d u c t s  

o f  e a ch  compound w ere  n e c e s s a r i l y  i d e n t i c a l  as  t h e  s e p a r a t i o n  o f  compounds 

e l u t i n g  a t  t h e  s t a r t  o f  a  g r a d i e n t  i s  p o o r .  I t  i s  p o s s i b l e  t h a t  t h e  compounds

r e p r e s e n t e d  by p e a k s  4 , 5 and  6 a r e  e s t e r s  o f  lAA o x i d a t i o n  p r o d u c t s .  T h is  

i n t e r p r e t a t i o n  i s  a l s o  s u p p o r t e d  by t h e  l a c k  o f  c l e a r  c u t  p r o d u c t s  o f  m é t h y la t i o n  

i n  e x p e r im e n t  H .5 .

U n f o r tu n a t e l y  t r e a t m e n t  w i th  7 x 10 mol m NaOH a t  100°C c a u se d  

breakdow n o f  lAA i t s e l f .  The e f f e c t  o f  t h e s e  c o n d i t i o n s  on lAA m e t a b o l i t e s  

was t h e r e f o r e  c o n j e c t u r a l .

H .7 .  C o -ch rom atog raphy  o f  M e ta b o l i t e s  w i th  S ta n d a rd s

The f o l lo w in g  p u t a t i v e  lAA m e t a b o l i t e s  were s y n t h e s i s e d  f o r  u s e  as  

s t a n d a r d s :  lA A -g ly c in e ,  lA A -a la n in e ,  lA A -v a l in e  and o x i n d o l e - 3 - a c e t i c  a c i d .

The i d e n t i t i e s  o f  t h e s e  compounds w ere  c o n f i rm e d  by GC-MS. The mass s p e c t r a  

o b t a i n e d  a r e  p r e s e n t e d  i n  F i g ,  3 5 -3 8 .  5 - H y d r o x y in d o l e - 3 - a c e t i c  a c i d  was 

a l s o  o b t a i n e d  from  A ld r ic h  C hem ical  Company. The HPLC r e t e n t i o n  t im e s  o f  

t h e  s t a n d a r d s  were compared w i th  t h o s e  o f  r a d i o a c t i v e  lAA m e t a b o l i t e s .

S ta n d a r d s  were m o n i to re d  u s in g  a UV a b s o rb a n c e  d e t e c t o r ,  t h e  w a v e le n g th  o f  

which was s e t  a t  t h e  a b s o rb a n c e  maximum f o r  each  compound, m easu red  from  s p e c t r a  

shown i n  F i g s .  32 and 33, The UV a b s o rb a n c e  d e t e c t o r  r e p l a c e d  t h e  f l u o r i m e t e r  

i n  F ig .  5a .  The r e s u l t s  a r e  p r e s e n t e d  i n  T ab le  27.
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T a b le  27: Com parison o f  t h e

14 /

r e t e n t i o n  t im e s  o f  lAA m e t a b o l i t e s w i t h  t h o s e  o f

s t a n d a r d s .  HPLC C o n d i t io n s :  Flow r a t e  1 cm^ min"*^. S o lv e n t  

g r a d i e n t  10-60% m eth a n o l  o v e r  20 min, T^ v a lu e s  f o r  s t a n d a r d s  a re  

c o r r e c t e d  f o r  t h e  t im e  d i f f e r e n c e  be tw een  d e t e c t o r s .  Average  peak  

w id th  Im in , The e x p e r im e n t  was c a r r i e d  o u t  once .

Peak No S ta n d a r d Tr

7 13 .2  min 5 - H y d r o x y in d o l e - 3 - a c e t i c  a c i d 1 2 ,9  min

10 1 7 .8  min O x i n d o l e - 3 - a c e t i c  a c id 17, 8 rain

8* 1 3 .8  min IA A -g ly c in e 1 4 .2  min

* Peak 8 was a n a ly s e d  on a  s e p a r a t e  o c c a s io n

Peak 10, r e p r e s e n t i n g  t h e  m ost p ro m in e n t  m e t a b o l i t e ,  c o -c h ro m a to g ra p h e d  

w i th  o x i n d o l e - 3 - a c e t i c  a c id .  Peaks 7 and  8 h a d  t h e  same r e t e n t i o n  t im e s  as 

5 - h y d r o x y i n d o l e - 3 - a c e t i c  a c id  and lA A -g ly c in e  r e s p e c t i v e l y ,  w i t h i n  e x p e r im e n ta l  

e r r o r .  lA A -v a l in e  and IA A -a la n in e  d id  n o t  c o -c h ro m a to g ra p h  w i th  any o f  t h e

m e t a b o l i t e s ,

H .8 . GC-MS A n a ly s i s

Only t h e  sam ple  o f  t h e  lAA p eak  was s u f f i c i e n t l y  p u r e  t o  p e r m i t  

i d e n t i f i c a t i o n  u s in g  GC-MS, The in s t r u m e n t  was u s e d  i n  t h e  s e l e c t e d  i o n -  

m o n i to r in g  mode and was t u n e d  t o  d e t e c t  i o n s  w i th  m /^  2 0 2 , t h e  m ost p ro m in e n t  

f ra g m en t  i n  t h e  mass s p e c t ru m  o f  t h e  t r i m e t h y l s i l y l  d e r i v a t i v e  o f  lAA (IAA-TMS-) 

( s e e  F ig .  6) .  The lAA peak  was d e r i v a t i s e d  u s in g  BSTFA, A peak  was p r e s e n t  

a t  t h e  same r e t e n t i o n  t im e  as t r i m e t h y l s i l y l  lAA. T h is  was c o n f i rm e d  by  

c o i n j e c t i o n  (F ig ,  3 9 ) .

C o n c lu s io n s

The p r o d u c t  r e p r e s e n t e d  by  p eak  1 0 , i . e .  t h e  most p ro m in e n t  m e t a b o l i t e



148

l A A -T M S i

Ceu
L_
L-
Z3

L J

C
O

1

0 5

lAA-TMSi

0
TR TR

F ig .  3 9 . GC-MS a n a l y s i s  o f  t h e  lAA p eak  from  m e th a n o l i c  e x t r a c t s  o f  r o o t  
segm ents  i n c u b a t e d  i n  s o l u t i o n s  o f  10~^ mol XAA f o r  2h.
The e x t r a c t  was p u r i f i e d  by  HPLC, and d e r i v a t i s e d  u s in g  BSTFA.
(a)  e x t r a c t  o n ly  (b) e x t r a c t  p l u s  c o i n j e c t i o n  o f  lAA-TMSi s t a n d a r d .  
GC Column: 5 f t  x V  ( 1 . 52m x 6.35mm) 3% D e x i l -3 0 0  on S u p e lc o p o r t
100-200 . T e m p e ra tu re :  190°C i s o t h e r m a l .  Flow r a t e :  20 cm^ m in " ^ .
MS c o n d i t i o n s :  24èV;
t e m p e r a tu r e  250®C.

S o u rce  t e m p e r a tu r e  280°C; S e p a r a t o r
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i n  b o th  r o o t  and c o l e o p t i l e  e x t r a c t s ,  a p p e a re d  t o  be o x i n d o l e - 3 - a c e t i c  a c i d .  

E v idence  was p r o v id e d  by  c o -c h ro m a to g ra p h y  w i th  a u t h e n t i c  o x i n d o l e - 3 - a c e t i c  

a c i d  on t h e  HPLC. F u r t h e r  i n d i c a t i o n  t h a t  t h i s  m e t a b o l i t e  was an o x i d a t i o n  

p r o d u c t  came from  c o n t r o l  a n a ly s e s  i n  E x p e r im en ts  B . l  and F . l .  C o n tro l  

e x t r a c t s  u s u a l l y  c o n ta i n e d  a s m a l l  amount o f  peak  10 [ se e  a l s o  E xper im en t  I ) .  

Peak 7 c o -c h ro m a to g ra p h e d  on HPLC w i t h  5 - h y d r o x y i n d o l e - 3 - a c e t i c  a c i d ,  a  compound 

n o t  p r e v i o u s l y  i d e n t i f i e d  i n  p l a n t  t i s s u e .  Peak 8 had  a  r e t e n t i o n  t im e  t h e  

same a s  t h a t  o f  IA A -g ly c in e ,  w i t h i n  e x p e r im e n ta l  e r r o r .  F u r t h e r  e v id e n c e  

t h a t  peak  7 /8  c o n ta i n e d  an lAA c o n ju g a t e  was p r o v id e d  by  t h e  UV a b s o r p t i o n  

s p e c t ru m .  The m e t a b o l i t e  r e p r e s e n t e d  by p eak  11 was c o n v e r t e d  t o  lAA u n d e r  

m ild  h y d r o l y s i s  c o n d i t i o n s .  I t  i s  l i k e l y  t h a t  t h i s  compound i s  an  e s t e r  o f  

lAA w i th  a  s u g a r  a n d / o r  m y o - i n o s i t o l . The r a d i o a c t i v e  com ponents o f  peaks  

4 ,  5 and 6 c o u ld  n o t  be  h y d r o ly s e d  t o  lAA and a r e  u n l i k e l y  t o  r e p r e s e n t  s u g a r ,  

myo-i n o s i t o l  o r  r e l a t e d  e s t e r s  o f  lAA. The compounds r e p r e s e n t e d  by  p e a k s  

4 and 5 w ere  i n t e r c o n v e r t i b l e  and a r e  p r o b a b ly  i s o m e r i c .  The m e t a b o l i t e  

r e p r e s e n t e d  by  peak  9 c o u ld  be  m e th y la t e d  t o  form  a s u b s t a n t i a l l y  l e s s  p o l a r  

p r o d u c t .  T h is  compound p r o b a b l y  p o s s e s s e d  a c a rb o x y l  g ro u p .

The i d e n t i t y  o f  t h e  lAA peak  was c o n f i rm e d  by m é th y la t i o n  and c o ­

ch ro m a to g rap h y  w i th  XAA-methyl e s t e r  and by GC-MS ( s e l e c t e d  io n - m o n i to r in g )  

o f  t h e  t r i m e t h y l s i l y l  d e r i v a t i v e .
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I . HPLC A nalysis o f  lAA M etab o lites  P resent in  th e  Incubating S o lu tio n s

The m e t a b o l i t e s  o f  lAA, p r e s e n t  i n  b a t h i n g  s o l u t i o n s  a f t e r  2h i n c u b a t i o n  

w i t h  Zea mays r o o t  and c o l e o p t i l e  segm en ts  w ere  i n v e s t i g a t e d .  Sam ples o f  

i n c u b a t i n g  s o l u t i o n s  c o n t a i n i n g  lA A -l-^^C  and  IAA-2-^^C (10"^  mol m ^ f o r  

c o l e o p t i l e s ;  10” mol m” f o r  r o o t s )  w ere  p r e p a r e d  f o r  HPLC a n a l y s i s .  

Aqueous s o l u t i o n s  w ere  u s u a l l y  d r i e d  i n  vacuo  a t  45°C and r e d i s s o l v e d  i n
3

1 cm m e th a n o l .  Im m e d ia te ly  p r i o r  t o  a n a l y s i s ,  sam p les  w ere  d r i e d  u n d e r
3

a  s t r e a m  o f  n i t r o g e n  and t a k e n  up i n  100 mm , 10% m eth an o l  i n  ammonium 

a c e t a t e  b u f f e r  (pH 3 . 5 ,  20 mol m ) .  L osses  o f  r a d i o a c t i v i t y  d u r in g  t h i s  

p r o c e d u r e  a r e  g iv e n  i n  T a b le s  7 and  16. Two sam ples  ( r o o t  i n c u b a t i n g  

s o l u t i o n s )  w ere  p r e p a r e d  b y  f i r s t  a c i d i f y i n g  t h e  i n c u b a t i n g  s o l u t i o n
3

( d i l u t e d  t o  10 cm w i th  w a te r )  t o  pH3 w i th  HCl and p a r t i t i o n i n g  t h r e e  

t im e s  w i th  e q u a l  volumes o f  d i e t h y l  e t h e r .  The e t h e r  was t h e n  d r i e d  i n
3

vacuo  and t h e  sam ple  d i s s o l v e d  i n  1 cm o f  m e th a n o l .  When f r e s h l y  

d i s t i l l e d  d i e t h y l  e t h e r  was u s e d ,  t h i s  p r o c e d u r e  h a d  no s i g n i f i c a n t  e f f e c t  

on t h e  s p e c t ru m  o f  compounds o b s e rv e d .  However, when d i e t h y l  e t h e r  w hich 

h a d  n o t  b e e n  r e c e n t l y  d i s t i l l e d  was u s e d ,  t h i s  r e s u l t e d  i n  t h e  o x i d a t i o n  

o f  t h e  m a j o r i t y  o f  t h e  XAA t o  a  compound w hich  c o -c h ro m a to g ra p h e d  w i th  

peak  10. T h is  was p re su m a b ly  due t o  t h e  p r e s e n c e  o f  p e r o x i d e s .

The r e s u l t s  o f  t h e  a n a l y s i s ,  w hich  was c a r r i e d  o u t  i n  t r i p l i c a t e  f o r  

each  t r e a t m e n t ,  a r e  p r e s e n t e d  i n  F i g s .  40 and 41. As s t a t e d  p r e v i o u s l y  

( s e e  T a b le s  8 and 1 5 ) ,  i n  each  c a s e  t h e  m a j o r i t y  o f  t h e  r a d i o a c t i v i t y  

CO-ch ro m a to g ra p h ed  w i t h  XAA. S m all  amounts o f  some o f  t h e  m e t a b o l i t e s  

found  i n  m eth a n o l  e x t r a c t s  o f  r o o t s  and c o l e o p t i l e s  w ere  a l s o  p r e s e n t ;  

peaks  3 and  10 w ere  c o n s i s t e n t l y  o b s e rv e d .  The p r e s e n c e  o f  one o r  more 

coirpounds w hich  w ere  l e s s  p o l a r  t h a n  XAA, and o n ly  a p p e a re d  when m e th y le n e -  

l a b e l l e d  XAA was s u p p l i e d ,  was o f  p a r t i c u l a r  i n t e r e s t .  These compounds
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F i g .40 0 HPLC a n a l y s i s  o f  b a th i n g  s o l u t i o n s  a f t e r  2h i n c u b a t i o n  w i th  r o o t  

segm ents  0 a 14IA A -1- C (10 ^mol m IAA-2-^^C , T r a c e s  r e p r e s e n t
t y p i c a l  r e s u l t s  f rom  3 r e p l i c a t e  e x p e r im e n t s .  HPLC c o n d i t i o n s s  
S o lv e n t  g r a d i e n t :  10-60% m eth a n o l  o v e r  30 m in . Flow r a t e :  1 cm min 
D e t e c t o r :  homogeneous r a d i o  . a c t i v i t y  m o n i to r  ; 30cps f u l l  s c a l e  
d e f l e c t i o n ;  10 s t im e  c o n s t a n t .
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Fig.41. HPLC analysis of bathing solutions aftgr 2h incubation witÿ^ 
coleoptile segments, a. IAA-1- C (10 mol m )'. b. IAA-2- C 
HPLC conditionsA Solvent gradient :10-60% methanol over 30 mins 
Flow rate: 1 cm min . Detector: homogeneous radioactivity 
monitor; 30cps full scale deflection; 10s time constant.
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a re  p r o b a b l y  d e c a r b o x y l a t i o n  p r o d u c t s  o f  lAA* They d i d  n o t  c o -c h ro m a to g ra p h  

w i t h  i n d o l e - 3 - a ld e h y d e  o r  i n d o l e - 3 - c a r b o x y l i e  a c i d ,  b u t  m ig h t  r e p r e s e n t  

o t h e r  p r o d u c t s  such  as 3 - m e th y le n e o x in d o le .

C o n c lu s io n s

S o l u t i o n s  o f  lAA, i n  w hich  Zea mays r o o t  and c o l e o p t i l e  segm ents  h a d  

b e e n  i n c u b a t e d  f o r  2h ,  c o n ta i n e d  s m a l l  amounts o f  m e t a b o l i t e s  which a p p e a re d  

t o  b e  d e c a r b o x y la t i o n  p r o d u c t s .  As t h e s e  compounds w ere  n o t  p r e s e n t  i n  

m e th a n o l  e x t r a c t s  o f  p l a n t  m a t e r i a l  t h e y  may r e p r e s e n t  t h e  p r o d u c t s  o f  lAA 

o x i d a t i o n  a t  c u t  s u r f a c e s .  The f o r m a t io n  o f  l a r g e  amounts o f  peak  10, 

when aqueous s o l u t i o n s  o f  XAA w ere  p a r t i t i o n e d  a g a i n s t  d i e t h y l  e t h e r  w hich  

h a d  n o t  b e e n  r e d i s t i l l e d ,  p r o v i d e d  f u r t h e r  e v id e n c e  t h a t  t h i s  compound 

was an o x i d a t i o n  p r o d u c t .
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SECTION 2 - THE EFFECT OF EXOGENOUS lAA ON THE ELONGATION OF ZEA MAYS

ROOT AND COLEOPTILE SEGMENTS

The p u rp o s e  o f  t h i s  S e c t i o n  o f  t h e  t h e s i s  was two f o l d .  F i r s t l y ,  i t  

was im p o r ta n t  t o  c o n f i rm  w h e th e r  t h e  amounts o f  lAA s u p p l i e d  t o  r o o t  and 

c o l e o p t i l e  segm ents  d u r in g  m e ta b o l is m  e x p e r im e n ts  were p h y s i o l o g i c a l l y  a c t i v e  

w i th  r e g a r d  t o  c e l l  e l o n g a t i o n .  S e c o n d ly ,  p u b l i s h e d  d a t a  on th e  e f f e c t  o f  

lAA on r o o t  g row th  a r e  c o n f l i c t i n g  ( se e  I n t r o d u c t i o n ) ; i t  was hoped t o  

c l a r i f y  t h e  e f f e c t  o f  a p p l i e d  lAA on t h e  e l o n g a t i o n  o f  Zea mays r o o t  s e g m e n ts .

A. E f f e c t  o f  lAA on C o l e o p t i l e  E lo n g a t io n

The s t i m u l a t i o n  o f  c o l e o p t i l e  e l o n g a t i o n  by lAA h a s  been  w e l l  e s t a b l i s h e d  

s i n c e  1934 (Kbgl e ^ a l ^ . ) .  A s i n g l e  e x p e r im e n t  was c a r r i e d  o u t  t o  i n v e s t i g a t e  

t h e  e x t e r n a l  c o n c e n t r a t i o n  r e q u i r e d  t o  g iv e  maximum grow th  s t i m u l a t i o n  u n d e r  

t h e  e x p e r im e n ta l  c o n d i t i o n s  u se d  f o r  m e ta b o lism  s t u d i e s .  C o l e o p t i l e  segm en ts  

(5mm i n  l e n g t h ,  t a k e n  from  2mm b e h in d  t h e  apex) were i n c u b a t e d  f o r  Ih

( d a r k n e s s ;  22°C) i n  5 cm^ volum es o f  aqueous  lAA s o l u t i o n  (0 , 10 10

-3  -2 "1 -310 , 1 0  and 10 mol m ) .  Growth was m easured  u s in g  t h e  shadowgraph

m ethod.

lAA a t  t h e  lo w e s t  t h r e e  c o n c e n t r a t i o n s  had no s i g n i f i c a n t  e f f e c t  on 

g row th  when compared w i th  t h e  c o n t r o l  ( F ig .  4 2 ). Maximum s t i m u l a t i o n  o c c u r r e d  

i n  10  ̂ mol m ^ lAA.

C o n c lu s io n s

Under t h e  e x p e r im e n ta l  c o n d i t i o n s  u se d  i n  m e ta b o lism  e x p e r im e n ts ,  maximum

-2 -3grow th  was o b ta in e d  i n  10 mol m lAA. T h is  c o n c e n t r a t i o n  was u s e d  i n  t h e  

m a j o r i t y  o f  e x p e r im e n ts  on lAA m e ta b o l is m  i n  c o l e o p t i l e  t i s s u e .
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F ig .  4 2 . E f f e c t  o f  lAA s u p p l i e d  a t  5 d i f f e r e n t  c o n c e n t r a t i o n s  on t h e
grow th  o f  Zea mays c o l e o p t i l e  segm en ts  d u r in g  Ih  a f t e r  e x c i s i o n .

Each p o i n t  r e p r e s e n t s  t h e  mean o f  10 segm ents  ± s t a n d a r d  e r r o r .  
The e x p e r im e n t  was p e r fo rm e d  o n ce .
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B. E ffe c t  o f  lAA on Root E longation

B . l .  Com parison o f  t h e  Growth R a te  o f  I n t a c t  Roots  w i th  t h a t  o f  Segments

As o t h e r  s c i e n t i s t s  ( e . g .  Edwards and S c o t t ,  1977; P i l e t  e t  , 1979) 

a p p e a re d  t o  have  d i f f i c u l t y  i n  o b t a i n i n g  s i g n i f i c a n t  e f f e c t s  o f  lAA on r o o t  

g ro w th ,  a  p r e p a r a t o r y  e x p e r im e n t  was c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  optimum 

i n c u b a t i o n  t im e  f o r  such  an e x p e r im e n t .  The grow th  r a t e  o f  i n t a c t  r o o t s  was 

compared w i th  t h a t  o f  segm en ts  a t  v a r i o u s  t im e s  a f t e r  e x c i s i o n .

Root segm ents  5mm i n  l e n g t h  were t a k e n  from 1mm b e h in d  t h e  t i p .

E r ic k s o n  and  Sax (1956) and P i l e t  and Senn (1980) r e p o r t e d  t h a t  t h i s  r e g i o n  

c o n t a i n s  t h e  e l o n g a t i o n  zone . T h is  was c o n f i rm e d  f o r  t h e  v a r i e t y  F r o n ic a .
3

Groups o f  10 s e c t i o n s  were i n c u b a t e d  i n  w a te r  (2 cm ) f o r  ^h ,  I h ,  2h, 4h , 8h 

and 24hy and g row th  m easu red  u s in g  t h e  shadowgraph m ethod. T h is  was compared 

w i th  g row th  o f  r o o t s  on i n t a c t  p l a n t s ,m e a s u r e d  by r e c o r d i n g  t h e  d i s t a n c e  

be tw een  s p o t s  o f  i n d i a n  in k  i n i t i a l l y  sp a c e d  1mm and 6mm from  th e  r o o t  t i p .

Growth o f  t h e  segm ents  d e c r e a s e d  r a p i d l y  w i th  v e ry  l i t t l e  e l o n g a t i o n  

t a k i n g  p l a c e  a f t e r  8h (F ig .  4 3 ) .  The r a t e  o f  grow th  rem a in e d  s i m i l a r  t o  

t h a t  o f  i n t a c t  p l a n t s  f o r  o n ly  c i r c a  I h .

In  a  s i m i l a r  e x p e r im e n t  a d d i t i o n  o f  lAA a t  c o n c e n t r a t i o n s  o f  10 10 ^

-5  -3and 10 mol m (amounts w hich have  been  r e p o r t e d  t o  s t i m u l a t e  r o o t  

e l o n g a t i o n ;  e . g .  B a t ra  et_ 1975; P i l e t  ^  1979) had v e ry  l i t t l e

e f f e c t  on t h e  g row th  o f  segm en ts  a t  any  t im e  (F ig .  4 4 ) .  A d d i t io n  o f  lAA 

c e r t a i n l y  d id  n o t  a l lo w  them t o  m a i n t a i n  t h e  r a t e  o f  e l o n g a t i o n  found  i n  

i n t a c t  p l a n t s .

I t  c o u ld  t h u s  be c o n c lu d e d  t h a t  t h e  d e c r e a s e  i n  g row th  r a t e  o f  segm en ts  

was due t o  f a c t o r s  o t h e r  t h a n  l a c k  o f  lAA, such  as  s h o r t a g e  o f  n u t r i e n t s  and 

o t h e r  grow th  s u b s t a n c e s  o r  t h e  p r e s e n c e  o f  i n h i b i t o r y  compounds such  as  

e t h y l e n e .  F o r  t h e  p u r p o s e s  o f  i n v e s t i g a t i n g  t h e  r ô l e  o f  lAA i n  r o o t  g row th^  

th e  t i s s u e  was t h e r e f o r e  i n c u b a t e d  f o r  no lo n g e r  t h a n  I h ,  d u r in g  w hich  t h e  

grow th  r a t e  was s i m i l a r  t o  t h a t  o f  i n t a c t  r o o t s .
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F ig .  4 5 . A com par ison  o f  t h e  g row th  o f  Sirnn r o o t  segm en ts  ( t a k e n  from 

Inrni b e h in d  t h e  r o o t  t i p )  d u r in g  24h a f t e r  e x c i s i o n  (#] w i th  

t h a t  o f  t h e  same p o r t i o n  o f  r o o t  on t h e  i n t a c t  p l a n t  Ço). 

Each p o i n t  r e p r e s e n t s  t h e  mean o f  30 p l a n t s  ± s t a n d a r d  e r r o r .  

The same r e s u l t  was o b t a i n e d  i n  3 r e p l i c a t e  e x p e r im e n t s .
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F ig .  44 , E f f e c t  o f  lAA a t  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  on t h e  grow th  

o f  r o o t  segm ents  d u r in g  .a  24h t im e  c o u r s e ,  and compared w i th  

t h a t  o f  i n t a c t  r o o t s .  C o n t r o l  ( • ) ,  10" mol m" lAA ( o ) ,

10"^ mol m"^ lAA (A) ,  10“ ^ mol m” ^ lAA (/v), i n t a c t  p l a n t s  ( • ) ,
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B .2 .  The E f f e c t  o f  XAA and Oxygen on Growth o f  Root Segments d u r in g  

a  Ih  I n c u b a t io n

An e x p e r im e n t  was c a r r i e d  o u t  t o  s tu d y  i n  g r e a t e r  d e t a i l  t h e  e f f e c t  o f  

d i f f e r e n t  c o n c e n t r a t i o n s  o f  XAA on t h e  g row th  o f  r o o t  segm ents  d u r in g  t h e  

f i r s t  Ih  a f t e r  e x c i s i o n .  Root segm en ts  w ere  i n c u b a t e d  i n  g roups  o f  10 i n  

t h e  l a b o r a t o r y  i n  s o l u t i o n s  o f  0 ,  10 10 10” ^ and 10 ^ mol m ^ XAA
3

(5 cm p e r  d i s h ) . Growth was m easu red  u s in g  t h e  shadow graph m ethod . Evans 

e t  a l . (1980) h av e  s u g g e s t e d  t h a t  a  s u p p le m e n ta ry  s o u rc e  o f  oxygen i s  r e q u i r e d  

f o r  t h e  optimum r e s p o n s e  t o  XAA. For  t h i s  r e a s o n  s o l u t i o n s  were s u p p l i e d  

w i th  oxygen , n i t r o g e n  (20 cm^ m in“ ^) o r  a i r  (120 cm^ m in " ^ ) .

The r e s u l t s  (F ig .  45) showed no s t i m u l a t i o n  o f  g row th  by  XAA a t  any 

c o n c e n t r a t i o n .  i n c u b a t i o n  i n  10” ^ mol m ^ XAA i n h i b i t e d  g row th  and t h i s  

o c c u r r e d  o n ly  when s o l u t i o n s  w ere  s u p p l i e d  w i th  Og o r  a i r .  Roots i n c u b a t e d  

u n d e r  N2 d id  n o t  r e s p o n d  s i g n i f i c a n t l y  t o  XAA s u p p l i e d  a t  any c o n c e n t r a t i o n .  

The b u b b l in g  o f  s o l u t i o n s  w i th  0^ and a i r  c a u se d  s i g n i f i c a n t  i n c r e a s e s  i n  

g row th  o f  c o n t r o l  r o o t s  and  t h o s e  i n c u b a t e d  i n  low c o n c e n t r a t i o n s  o f  XAA.

An a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  on m easurem ents  o f  r o o t s  s u p p l i e d  

w i th  v a r i o u s  c o n c e n t r a t i o n s  o f  XAA u n d e r  0^ o r  N2 (T a b le  2 8 ) .  T h is  r e v e a l e d  

a  h i g h l y  s i g n i f i c a n t  i n t e r a c t i o n  b e tw e en  t h e  O2 a v a i l a b i l i t y  and t h e  e f f e c t  

o f  XAA on g ro w th .

A lthough  t h e  e x p e r im e n ts  p r e s e n t e d  w ere  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  

s i m i l a r  e x p e r im e n ts  i n  w hich  r o o t s  were i n c u b a t e d  i n  d a rk n e s s  showed t h i s  t o  

have  no s i g n i f i c a n t  e f f e c t  on t h e  grow th  r a t e .

B .3 .  The E f f e c t  on XAA-2-^^C M e ta b o l ism  o f  B u b b l in g  t h e  I n c u b a t in g  

S o l u t i o n  w i t h  O2

A s i n g l e  e x p e r im e n t  was c a r r i e d  o u t  t o  d i s c o v e r  w h e th e r  t h e  e f f e c t  o f  

a d d i t i o n  o f  O2 on t h e  g row th  and r e s p o n s e  t o  XAA o f  Zea mays r o o t  segm ents  

c o u ld  be  a t t r i b u t a b l e  t o  an a l t e r a t i o n  i n  t h e  p a t t e r n  o f  lAA m e ta b o l ism .

Root segm en ts  (5 0 ,  20mm i n  l e n g th )  were i n c u b a t e d  i n  t h e  l a b o r a t o r y  i n



160

E
E

3 :o
L_

I D

*0

ex
•5 o

- s
C 10 10' 10' 10

Concentration of lAA 
(mol m'  ̂ )

-3

F ig ,  -45. Growth o f  r o o t  segm en ts  i n c u b a t e d  i n  t h e  l a b o r a t o r y  f o r
Ih  i n  4 d i f f e r e n t  c o n c e n t r a t i o n s  o f  lAA and compared w i th  

c o n t r o l s  Roots w ere  i n c u b a t e d  i n  t h e  a b se n c e  -  0 -  (4 
d i s h e s  p e r  c o n c e n t r a t i o n )  o r  p r e s e n c e  o f  s u p p le m e n ta ry  
oxygen -  •  ~ (3 d i s h e s ) , n i t r o g e n  -  & -  (2 d i s h e s )  o r  a i r  
-  A - [2 d i s h e s ) .  Each d i s h  c o n ta i n e d  10 s e g m e n ts .  
R e s u l t s  r e p r e s e n t  t h e  means ± s t a n d a r d  e r r o r .
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T a b le  2 8 : A n a ly s i s  o f  v a r i a n c e  on r e s u l t s  o b t a i n e d  when r o o t

segm en ts  w ere  i n c u b a t e d  a t  5 d i f f e r e n t  c o n c e n t r a t i o n s  

o f  lAA i n  t h e  p r e s e n c e  o f  0^ o r

S .Sq D . f Mean Sq* F

Between c o n c e n t r a t i o n s  
o f  XAA 112 4 28

Between 0^ a v a i l a b i l i t y 176 1 176

I n t e r a c t i o n 103 4 2 5 .75  3 2 .8

ResiduoA 186 237 0 .7 8 5
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an aqueous s o l u t i o n  o f  IAA-2-^^C (5 cm^ o f  10 ^ mol m w hich was b u b b le d

3 "1w i th  0^ a t  a  r a t e  o f  20 cm min . A f t e r  2h t h e  segm en ts  w ere  washed 

( M a t e r i a l s  and M e th o d s ) ,  e x t r a c t e d  o v e r n i g h t  i n  m e th a n o l ,  and a sam ple 

p r e p a r e d  f o r  HPLC a n a l y s i s .  The r e s u l t s  ( F ig .  46) r e v e a l e d  a m e ta b o lism  

p a t t e r n  s i m i l a r  t o  t h a t  f o r  r o o t s  i n c u b a t e d  i n  aqueous lAA w i th  no s u p p le -  

m an ta ry  s o u rc e  o f  ( s e e  F ig .  8 ) .  P eaks  1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1  and a 

peak  c o r r e s p o n d in g  t o  lAA were a l l  p r e s e n t  w i th  peak  10 r e p r e s e n t i n g  t h e  most 

p ro m in e n t  m e t a b o l i t e .  A d e t a i l e d  q u a n t i t a t i v e  co m p ar iso n  o f  r e s u l t s  i s  n o t  

m ea n in g fu l  w i th o u t  f u r t h e r  r e p e t i t i o n  o f  t h e  e x p e r im e n t  and c o n d i t i o n s  were 

n o t  i d e n t i c a l  t o  t h o s e  i n  S e c t i o n  1. The p r o p o r t i o n  o f  r a d i o a c t i v i t y  

r e m a in in g  i n  t h e  lAA peak  was 13% compared w i th  a  v a lu e  o f  31% o b t a i n e d  in  

S e c t i o n  1, E xper im en t  B .3 .

B .4 .  Changes i n  pH o f  lAA S o l u t i o n s  d u r in g  I n c u b a t io n  w i t h  Root T i s s u e

- 3
Evans e ^  (1980) have  r e p o r t e d  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  2 x 10

“ 3mol m lAA on r o o t  grow th  was a s s o c i a t e d  w i th  an i n c r e a s e  i n  t h e  pH o f  t h e  

i n c u b a t i n g  medium. They s u g g e s t e d  t h a t  lAA c a u se s  i n f l u x  i n t o  t h e  c e l l s ;

i . e .  a p r o to n  pump o p e r a t i n g  i n  t h e  r e v e r s e  d i r e c t i o n  t o  t h a t  i n  s h o o ts  

m igh t be  a c t i v a t e d .  An e x p e r im e n t  was c a r r i e d  o u t  t o  t r y  t o  r e p e a t  t h e s e  

r e s u l t s .
3

Groups o f  10 r o o t  segm en ts  were i n c u b a te d  i n  d a r k n e s s  i n  5 cm volumes 

o f  s o l u t i o n  (0 , 10 10 10 ^ o r  10 ^ mol m ^ lAA) f o r  I h .  The pH o f

t h e  medium was m easu red  b e f o r e  and a f t e r  i n c u b a t i o n .  The e x p e r im e n t  was 

c a r r i e d  o u t  i n  t r i p l i c a t e .

An i n c r e a s e  o f  a p p ro x im a te ly  0 .5  pH u n i t s  was o b s e rv e d  a f t e r  Ih  

i n c u b a t i o n  (T ab le  2 9 ) ;  a v a lu e  s i m i l a r  t o  t h a t  o b t a i n e d  by Evans e t  a l .

( 1 9 8 0 ) .  However, t h i s  i n c r e a s e  o c c u r r e d  i r r e s p e c t i v e  o f  t h e  lAA co n c en ­

t r a t i o n  and 0^ a v a i l a b i l i t y ,  and was even  o b s e rv e d  i n  c o n t r o l  d i s h e s  l a c k i n g  

lAA. B u bb ling  t h e  s o l u t i o n  w i th  0^ i n  t h e  a b se n c e  o f  r o o t  t i s s u e  p ro d u ce d  

no o b s e r v a b le  change i n  pH.
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Table 2 9 : Change in  pH o f  b a th in g  s o lu t io n  during in cu b ation  o f  roo t segments

with lAA, Results represent the means of 3 dishes ± standard error.

3 -1(a) Solution bubbled with air (120 cm min )

lAA concentration (mol m ;
10 -9 10-7 10 -5

(b) No supplementary gas

lAA concentration (mol m )

10 -3

Mean pH before incubation 6.1 6.1 6.1 6.1 6.1
Mean pH after incubation 6,6 6,5 6,6 6.6 6.6
pH change +0.5 +0.4 +0,5 +0.5 +0,5
Standard error 0.07 0 0.07 0.07 0

0 io"9 10-7 10-5 10-5

Mean pH before incubation 5.8 5.8 5.8 5.8 5.8
Mean pH after incubation 6.3 6.3 6.3 6.3 6.3
pH change +0.5 +0.5 +0.5 +0.5 +0,5
Standard error 0.09 0.08 0.09 0.09 0,06

3 —1(c) Solution bubbled with oxygen (20 cm min J

lAA concentration (mol m )
0 10"̂ 10-7 10-5 10-5

Mean pH before incubation 5.7 5.8 5.8 5.8 5.8
Mean pH after incubation 6.3 6.3 6.3 6,4 6.4
pH change +0.6 +0.5 +0.5 +0.6 +0.6
Standard error 0.17 0.15 0.09 0.07 0.12

(d) Control : Solution bubbled with oxygen (20 cm̂ min” )̂ , no plant tissu e

lAA concentration (mol
0 10“  ̂ IQ-7 10'-5 10"5

Mean pH before incubation 6.0 5,9 5.9 5.9 5.9
Mean pH after incubation 6,0 5.9 5.9 5.9 5.9
pH change 0 0 0 0 0
Standard error 0 0.1 0.15 0.1 0
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B.5.  Uptake o f  lAA by Root T issu e

I n  o r d e r  t o  a s s e s s  t h e  s i g n i f i c a n c e  o f  e x p e r im e n ta l  o b s e r v a t i o n s  on 

t h e  e f f e c t s  o f  exogenous lAA, t h e  amounts o f  lAA e n t e r i n g  t h e  t i s s u e  m ust be  

compared w i th  t h e  endogenous l e v e l s .  An e x p e r im e n t  was c a r r i e d  o u t  t o  

m easure  t h e  u p ta k e  o f  lAA from  f i v e  d i f f e r e n t  e x t e r n a l  c o n c e n t r a t i o n s .  Groups 

o f  10 r o o t  segm ents were i n c u b a t e d  i n  ^^C-IAA s o l u t i o n s  f o r  I h ,  They were
3

th e n  washed ( M a t e r i a l s  and M ethods) and e x t r a c t e d  i n  1 cm m e th a n o l .  The 

amount o f  r a d i o a c t i v i t y  t a k e n  up by each  g roup  o f  segm en ts  was a s s a y e d  by 

l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y  and t h e  a p p ro x im a te  u p ta k e  o f  lAA c a l c u l a t e d  

(T a b le  30) .

T a b le  5 0 , Uptake o f  ^'^C-IAA i n t o  5mm r o o t  segm en ts  i n c u b a t e d  i n  f i v e  

d i f f e r e n t  c o n c e n t r a t i o n s  f o r  Ih

c o n c e n t r a t i o n  o f  
lAA (mol m"3)

- 1
Bq segm ent

Uptake o f

yg kg  ̂ f r e s h  
w e ig h t  o f  t i s s u e

lAA

yg kg  ̂ f r e s h  w e ig h t  
t a k i n g  i n t o  a c c o u n t  

lAA m e ta b o l ism

5 . 9  X 1 0 "^ 0 . 0 8 8 2 . 1 0 . 6 4

1 . 4  X 1 0 “ 5 0 . 2 1 48 0 , 1 5

-d
1 . 0  X 10 0 . 8 2 19 5 . 9

- 4
9 . 4  X 10 5 . 3 124 38

1 . 0  X 1 0 " 5 2 . 7 6 2 8 195

These  v a lu e s  can be compared w i th  m easurem ents  o f  t h e  endogenous c o n te n t  o f  

lAA i n  Zea mays r o o t s :  30 y g /k g  f . w t .  (B r id g e s  e ^   ̂ 1973) and 76 y g /k g

f . w t .  ( R i v i e r  and P i l e t ,  1974) .

C o n c lu s io n s

The grow th r a t e  o f  Zea mays r o o t  segm ents  d e c r e a s e d  r a p i d l y  a f t e r  e x c i s i o n



166

due t o  f a c t o r s  o t h e r  t h a n  l a c k  o f  lAA. lAA s u p p l i e d  a t  c o n c e n t r a t i o n s  o f

-9  “ 7 -5 -310 , 10 and 10 mol m had  no e f f e c t  on e lo n g a t i o n  o f  r o o t  segm ents

d u r in g  Ih  i n c u b a t i o n .  In  t h e  p r e s e n c e  o f  0^ ,  lAA a t  10 ^ mol m ^ had  an .

i n h i b i t o r y  e f f e c t  on g ro w th .  T h is  was n o t  a p p a r e n t  u n d e r  . S u p p lem en ta ry

0^ i n c r e a s e d  t h e  g row th  r a t e  o f  c o n t r o l  segm en ts  and t h o s e  i n  low c o n c e n t r a t i o n s

o f  lAA. T h is  a d d i t i o n  o f  oxygen d i d  n o t  have  a s i g n i f i c a n t  e f f e c t  on lAA

m e ta b o l ism  o r  on t h e  pH o f  t h e  i n c u b a t i n g  s o l u t i o n .

A d e c r e a s e  o f  a p p ro x im a te ly  0 .5  u n i t s  i n  t h e  pH o f  t h e  b a t h i n g  s o l u t i o n

s u r r o u n d in g  r o o t  segm en ts  was o b s e rv e d  d u r in g  Ih  i n c u b a t i o n .  T h is  change

to o k  p l a c e  b o th  i n  t h e  p r e s e n c e  and  a b s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  lAA.

M easurem ents  o f  lAA u p ta k e  from  s o l u t i o n s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s

o f  ^^C-IAA were compared w i th  p u b l i s h e d  v a lu e s  f o r  t h e  endogenous lAA c o n t e n t

o f  Zea mays r o o t s .  The amount o f  exogenous lAA p r e s e n t  i n  t h e  t i s s u e  a f t e r

Ih  i n c u b a t i o n  was o f  t h e  same o r d e r  o f  m ag n itu d e  as  t h e  endogenous c o n t e n t ,
— 3 — 3

where t h e  e x t e r n a l  c o n c e n t r a t i o n  was 10 mol m . Where t h e  lAA c o n c e n t r a t i o n  

was 5v9x 10 ^ mol m ^ t h e  q u a n t i t y  o f  lAA t a k e n  up was c i r c a  1% o f  p u b l i s h e d  

m easurem ents  o f  t h e  endogenous l e v e l s .
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DISCUSSION

A. The Pathway o f  lAA M etab o lism  i n  Zea mays S e e d l in g s  and i t s  Rôle i n  

t h e  R e g u la t i o n  o f  lAA L e v e ls  w i t h i n  t h e  P l a n t

I f  a  ch e m ica l  s u b s ta n c e  i s  t o  be u s e d  t o  r e g u l a t e  p h y s i o l o g i c a l  p r o c e s s e s ,  

i t  i s  i m p e r a t iv e  t h a t  t h e  o rg an ism  can  c o n t r o l  a c c u r a t e l y  t h e  amounts o f  t h a t  

s u b s ta n c e  which a r e  p r e s e n t  ana  a c t i v e  a t  t h e  r e s p o n a in g  t i s s u e .  T h e re  a r e  

s e v e r a l  p o s s i b l e  means by w hich  i t  m ig h t  do t h i s .  The amount o f  t h e  compound 

i t s e l f  c o u ld  be  r e g u l a t e d  by one o r  more o f  4 g e n e r a l  ways: by c o n t r o l l i n g

t h e  r a t e  o f  b i o s y n t h e s i s ,  by  r e g u l a t i n g  i t s  c a t a b o l i s m ,  by r e v e r s i b l e  

i n a c t i v a t i o n  o f  t h e  m o le c u le  o r  by t r a n s p o r t  b o th  be tw een  c e l l s  and t i s s u e s ,  

and be tw een  d i f f e r e n t  com partm en ts  w i t h i n  t h e  c e l l .  A l t e r n a t i v e l y ,  t h e  

e f f e c t i v e n e s s  o f  a  p h y s i o l o g i c a l l y  a c t i v e  compound m ig h t  be c o n t r o l l e d  by 

changes  i n  t h e  l e v e l s  o r  a c t i v i t y  o f  h y p o t h e t i c a l  r e c e p t o r  s i t e s .  Thus to  

u n d e r s t a n d  f u l l y  how a  p l a n t  g row th  s u b s ta n c e  o p e r a t e s  i t  i s  n e c e s s a r y  t o  

i n v e s t i g a t e  t h e  d e t a i l s  o f  i t s  m e ta b o l is m  and t r a n s p o r t ,  a s  w e l l  as  p o s s i b l e  

b in d in g  s i t e s .

In  t h i s  t h e s i s  t h e  m e ta b o l is m  o f  exogenous r a d i o l a b e l l e d  lAA i n  th e  r o o t s  

and c o l e o p t i l e s  o f  da rk -g ro w n  Zea mays s e e d l i n g s  h as  b een  s t u d i e d .  P r o d u c ts  

were a n a ly s e d  u s in g  th e  h ig h  r e s o l u t i o n  t e c h n iq u e  o f  r e v e r s e - p h a s e  HPLC i n  

c o m b in a t io n  w i th  an o n - s t r e a m  r a d i o a c t i v i t y  m o n i to r .

In  i n i t i a l  e x p e r im e n ts  lAA was s u p p l i e d  by f l o a t i n g  r o o t  and c o l e o p t i l e  

segm en ts  i n  aqueous s o l u t i o n s  o f  t h e  p l a n t  grow th s u b s t a n c e .  M e tabo lism  o f

lAA was r a p i d  and e x t e n s i v e  w i th  a  l a r g e  number o f  p r o d u c t s  b e in g  fo rm ed .

-3  - 3N o n - s t e r i l e  r o o t  se g m e n ts ,  i n c u b a t e d  f o r  2h i n  d a rk n e s s  i n  10 mol m

lAA-2-^^C m e ta b o l i s e d  on a v e ra g e  a p p ro x im a te ly  59% o f  t h e  r a d i o a c t i v e  lAA

t a k e n  up by t h e  t i s s u e .  At l e a s t  11 p r o d u c t s  w ere form ed and some in f o r m a t io n

a b o u t  t h e i r  ch e m ica l  n a t u r e  h a s  b e e n  o b t a i n e d .

lAA m e t a b o l i t e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  can be d i v id e d  i n t o  t h r e e  

g roups  ( se e  I n t r o d u c t i o n ) :



168

1. lAA c o n ju g a t e s  w i th  amino a c i d s ,  s u g a r s ,  myo-i n o s i t o l  o r  h ig h  m o le c u la r  

w e ig h t  compounds.

2. O x id a t io n  p r o d u c t s  form ed by d e c a r b o x y l a t i o n ,  w i th  l o s s  o f  c a rb o n -1  o f  

t h e  s i d e  c h a in  ( e . g .  3 - m e th y le n e o x in d o le ,  i n d o le - 3 - a ld e h y d e  and i n d o l e -  

3 - c a r b o x y l i c  a c i d ) .

3. P r o d u c ts  form ed by  o x i d a t i o n  o f  t h e  i n d o le  n u c le u s  ( e . g .  o x i n d o l e - 3 - a c e t i c  

a c i d ,  3 - h y d r o x y o x i n d o l e - 3 - a c e t i c  a c i d ,  5 - h y d r o x y o x i n d o le - 3 - a c e t i c  a c i d ,  

and 3 , 5 - d i h y d r o x y o x i n d o l e - 3 - a c e t i c  a c i d ) .

C o n d i t io n s  r e p o r t e d  by B a n d u rsk i  and S c h u lze  (1977) t o  h y d r o ly s e  e s t e r s  

o f  lAA w i th  s u g a r s  and myo-i n o s i t o l  w ere  u s e d  t o  t e s t  lAA m e t a b o l i t e s .  Only 

a  s i n g l e  m e t a b o l i t e ,  r e p r e s e n t e d  by  p eak  11 was h y d r o ly s e d  t o  lAA u n d e r  t h e s e  

c o n d i t i o n s .  T h is  compound may be an e s t e r  o f  lAA w i th  g lu c o s e  o r  myo- 

i n o s i t o l .  I t  i s  u n l i k e l y  t h a t  t h e  o t h e r  m e t a b o l i t e s  a r e  e s t e r s  o f  lAA.

UV a b s o rb a n c e  d a t a  p r o v id e d  some e v id e n c e  f o r  t h e  p r e s e n c e  o f  a  second  lAA 

c o n j u g a t e ,  as  a component o f  peak  7 /8 .  Peak 8 c o -c h ro m a to g ra p h e d  w i th  lAA- 

g l y c i n e .  A co m p ar iso n  o f  HPLC r e t e n t i o n  t im e s  o f  lAA m e t a b o l i t e s  w i th  t h o s e  

o f  s t a n d a r d s  i n d i c a t e d  t h a t  lA A -v a l in e  and lA A -a la n in e  were n o t  p r e s e n t  i n  

t h e  p l a n t  e x t r a c t s .

A l l  th e  m a jo r  m e t a b o l i t e s  a p p e a re d  t o  be more p o l a r  t h a n  lAA. A 

co m p ar iso n  o f  t h e  m e ta b o lism  o f  lA A -l-^^C  and lAA-2-^^C a l s o  showed t h a t  t h e  

p r o d u c t s  had  n o t  been  form ed by d e c a r b o x y l a t i o n .  They t h e r e f o r e  d id  n o t  

i n c l u d e  3 - m e th y le n e o x in d o le ,  i n d o l e - 3 - a ld e h y d e ,  i n d o l e - 3 - c a r b o x y l i c  a c id  o r  

r e l a t e d  compounds.

I t  was t h o u g h t  p r o b a b l e  t h a t  s e v e r a l  o f  t h e  m e t a b o l i t e s  m igh t  r e p r e s e n t  

compounds from g roup  3, form ed by o x i d a t i o n  o f  t h e  i n d o l e  n u c l e u s .  These  

compounds a r e  l i k e l y  t o  be  more p o l a r  th a n  lAA. A s t a n d a r d  o f  o x i n d o le - 3 -  

a c e t i c  a c i d  was s y n t h e s i s e d  as  t h i s  compound had  been  found  i n  Zea mays 

endosperm  by R e inecke  and B a n d u rsk i  (1 9 8 1 ) .  When a n a ly s e d  by HPLC peak  10, 

t h e  most p ro m in e n t  m e t a b o l i t e ,  c o -c h ro m a to g ra p h e d  w i th  o x i n d o l e - 3 - a c e t i c  a c i d .  

T h is  i d e n t i f i c a t i o n  was s u p p o r t e d  by e v id e n c e  from  lAA breakdow n c o n t r o l s  t h a t
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p e a k  10 r e p r e s e n t e d  an o x i d a t i o n  p r o d u c t  o f  lAA. Peak 7 a l s o  c o -c h ro ra a to -  

g rap h e d  w i th  5 - h y d r o x y i n d o l e - 3 - a c e t i c  a c i d .  T h is  compound h a s  n o t  been  

p r e v i o u s l y  i d e n t i f i e d  i n  p l a n t  e x t r a c t s .

C o l e o p t i l e  s e g m e n ts ,  i n c u b a t e d  u n d e r  t h e  same c o n d i t i o n s ,  had  m e t a b o l i s e d  

a  somewhat s m a l l e r  p r o p o r t i o n  o f  t h e  IAA-2-^^C t a k e n  up by t h e  t i s s u e  t h a n  

r o o t  se g m e n ts .  An a v e ra g e  o f  57% o f  t h e  r a d i o a c t i v i t y  rem a in e d  a s s o c i a t e d  

w i th  t h e  lAA peak  a f t e r  2h i n c u b a t i o n .  The p r o d u c t s  o b t a i n e d  were a p p a r e n t l y

s i m i l a r  t o  t h o s e  form ed i n  r o o t  t i s s u e .  However, t h e r e  was a much g r e a t e r

p red o m in an ce  o f  peak  10 (p re s u m p t iv e  o x i n d o l e - 3 - a c e t i c  a c i d ) .

The p r o d u c t s  o b s e rv e d  i n  e i t h e r  t i s s u e  d id  n o t  a p p e a r  t o  be a r t i f a c t s  o f  

t h e  sam ple  p r e p a r a t i o n  p r o c e d u r e .  Only a v e ry  s m a l l  amount o f  breakdow n was 

found  i n  c o n t r o l  e x p e r im e n t s  to  t e s t  f o r  lAA d e g r a d a t i o n  d u r in g  sam ple  

p r e p a r a t i o n .  S i m i l a r l y  b o i l e d  segm en ts  d id  n o t  m e t a b o l i s e  lAA s i g n i f i c a n t l y .  

F u r t h e r  t e s t s  c o n f i rm e d  t h a t  m o d i f i c a t i o n  o f  lAA and i t s  m e t a b o l i t e s  d u r in g  

HPLC a n a l y s i s  was s m a l l .  Only two m e t a b o l i t e s  (peaks 6 and 11) showed any 

s i g n  o f  breakdow n on r e c h ro m a to g ra p h y  a f t e r  c o l l e c t i o n  from t h e  column and 

d r y in g .  E x p e r im en ts  em p loy ing  s t e r i l e  r o o t s  i n d i c a t e d  t h a t  m e ta b o l ism  was 

g e n u in e ly  t a k i n g  p l a c e  w i t h i n  t h e  p l a n t  t i s s u e  and was n o t  due t o  e p i p h y t i c  

m ic r o o rg a n is m s .

When lAA m e ta b o l ism  h a s  b e e n  s t u d i e d  i n  t h e  p a s t ,  work h a s  u s u a l l y  

c o n c e n t r a t e d  on t h e  i d e n t i f i c a t i o n  o f  one o r  two p r o d u c t s  w hich  o f t e n  

r e p r e s e n t e d  o n ly  a  s m a l l  f r a c t i o n  o f  t h e  t o t a l  amount o f  lAA m e ta b o l i s e d  

( e . g .  T u l i  and Moyed, 1967; Magnus e t  a T . ,  1971) .  I n  t h e  p r e s e n t  s tu d y  

r e l a t i v e l y  c ru d e  e x t r a c t s  w ere  a n a ly s e d ,  e l i m i n a t i n g  p u r i f i c a t i o n  s t e p s  d u r in g  

w hich  components m ig h t  be s e l e c t i v e l y  l o s t .  T h is  was made p o s s i b l e  by th e  

r e l a t i v e l y  low d ry  w e ig h t  o f  e x t r a c t s  from  da rk -g row n  t i s s u e  and by t h e  h ig h  

s e l e c t i v i t y  o f  a  r a d i o a c t i v i t y  d e t e c t o r .  M e th a n o l ic  e x t r a c t s  o f  r o o t  

segm ents  were s im p ly  f i l t e r e d ,  d r i e d  i n  vacuo and r e d i s s o l v e d  i n  a  s m a l l  volume 

o f  m e th a n o l .  In  m ost c a s e s  t h e y  were t h e n  c e n t r i f u g e d .

The e f f i c i e n c y  o f  t h e  m ethano l  e x t r a c t i o n  p r o c e d u r e  was a lw ays  h ig h :

u s u a l l y  a t  l e a s t  90%. Thus a r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  lAA m e t a b o l i t e s
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e s c a p e d  a n a l y s i s  i n  t h i s  way. S i m i l a r l y ,  r e c o v e r y  o f  r a d i o a c t i v i t y  a f t e r  

HPLC a n a l y s i s  was good ( c a . 9 ^ % ) .  In  s p i t e  o f  t h e  minimum amount o f  sam ple 

p r e p a r a t i o n  i n v o lv e d ,  how ever ,  a s i g n i f i c a n t  and v a r i a b l e  amount o f  r a d i o ­

a c t i v i t y  (up t o  36% o f  th e  sam ple)  was l o s t  d u r in g  p r e p a r a t i o n .  Most o f  t h i s  

o c c u r r e d  d u r in g  d r y in g  o f  t h e  sam ple  u n d e r  r e d u c e d  p r e s s u r e  ( se e  Mann and 

J a w o r s k i ,  1970 ) .  I t  was n o t  p o s s i b l e  t o  be s u r e  w h e th e r  some m e t a b o l i t e s  

were s e l e c t i v e l y  l o s t .  T h i s  was n o t  th o u g h t  t o  be  p r o b a b l e ,  how ever, f o r  

t h r e e  r e a s o n s .  F i r s t l y ,  as  t h e  sam p les  w ere  d i s s o l v e d  i n  t h e  same s o l v e n t  

( i . e .  m e th a n o l)  a f t e r  d r y in g ,  d i f f e r e n t i a l  s o l u b i l i t y  was u n l i k e l y  t o  c a u se  

l o s s e s .  S e c o n d ly ,  a l t h o u g h  l o s s e s  w ere  v a r i a b l e ,  t h e  same p r o d u c t s  were 

p r e s e n t  i n  each  r e p l i c a t e  e x t r a c t .  T h i r d l y ,  s i m i l a r  l o s s e s  o c c u r r e d  d u r in g  

t h e  p r e p a r a t i o n  o f  c o n t r o l  e x t r a c t s  w hich c o n ta i n e d  lAA a lo n e .  I t  was t h u s  

t e n t a t i v e l y  c o n c lu d e d  t h a t  HPLC t r a c e s  gave a  r e l i a b l e  r e p r e s e n t a t i o n  o f  t h e  

t o t a l  s p e c t ru m  o f  ^"^C-IAA m e t a b o l i t e s  e x t r a c t e d  i n t o  m ethano l  from  Zea mays 

r o o t  segm en ts  w hich had  b een  in c u b a t e d  i n  10 ^ mol m ^ lAA-2-^^C f o r  2h.

D uring  p r e p a r a t i o n  o f  t h e  m a j o r i t y  o f  c o l e o p t i l e  s a m p le s ,  r e d u c t i o n  o f  

t h e  e x t r a c t  t o  d ry n e s s  by r o t a r y  e v a p o r a t i o n  was a v o id e d .  Sam ples were 

r e d u c e d  t o  t h e  aqueous p h a s e  t h e n  d i l u t e d  w i th  b u f f e r  and p u r i f i e d  u s in g  C^g 

S ep-pak  c a r t r i d g e s .  However, as  shown i n  e x p e r im e n t  B .5 ,  p e a k s  1 and  2 were 

s e l e c t i v e l y  l o s t  d u r in g  t h i s  p r o c e d u r e .

In  a d d i t i o n  t o  e l i m i n a t i n g  s e l e c t i v e  p u r i f i c a t i o n  p r o c e d u r e s  i t  was 

i m p e r a t iv e  t o  u se  an a n a l y t i c a l  t e c h n i q u e  w hich  had  h ig h  r e s o l u t i o n .  TLC 

was found  t o  be  i n a d e q u a te  f o r  t h e  s e p a r a t i o n  o f  t h e  l a r g e  number o f  m e t a b o l i t e s  

R e v e r s e -p h a s e  HPLC was, how ever ,  a b l e  t o  r e s o l v e  t h e  e x t r a c t  i n t o  12 m a jo r  

com ponents . Some e v id e n c e  t h a t  t h e s e  p e a k s  m igh t r e p r e s e n t  i n d i v i d u a l  

m e t a b o l i t e s  was o b t a i n e d  by i s o c r a t i c  c h ro m a to g ra p h y .  T h is  c o u ld  o n ly  be 

c o n f i rm e d  by th e  u s e  o f  a n o th e r  a n a l y t i c a l  t e c h n iq u e  d e p e n d en t  on d i f f e r e n t  

p r o p e r t i e s  o f  th e  m o le c u le s ,  e . g .  io n -e x c h a n g e  c h ro m a to g ra p h y .  These r e s u l t s  

h i g h l i g h t  t h e  i n c o n c l u s i v e  n a t u r e  o f  " i d e n t i f i c a t i o n s ” o f  lAA m e t a b o l i t e s  

b a s e d  on c o -c h ro m a to g ra p h y  w i th  s t a n d a r d s  on p a p e r  o r  TLC sy s tem s  ( se e  T a b le  3 ) .

T im e -c o u rse  e x p e r im e n ts  were c a r r i e d  o u t  t o  s tu d y  t h e  i n t e r c o n v e r s i o n s  o f
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p r o d u c t s .  However, a f t e r  o n ly  lOmin i n c u b a t i o n  a t  l e a s t  3 and som etim es 

up t o  8 r a d i o a c t i v e  compounds, i n  r o u g h ly  s i m i l a r  q u a n t i t i e s ,  were o b s e rv e d  

i n  m e th a n o l i c  r o o t  e x t r a c t s .  These  c o m p r ise d  a mean t o t a l  o f  43% o f  t h e  

r a d i o a c t i v i t y  p r e s e n t  i n  t h e  e x t r a c t s .  The a p p e a ra n c e  o f  s e v e r a l  p r o d u c t s  

a p p a r e n t l y  s im u l t a n e o u s l y  i n d i c a t e d  t h a t  t h e  p a t h  o f  m e ta b o l is m  i n  t h i s  

t i s s u e  was p r o b a b ly  com plex and n o n - l i n e a r .  M etabo lism  to o k  p l a c e  more 

s lo w ly  i n  c o l e o p t i l e  segm ents  and a l s o  a p p e a re d  l e s s  com plex. A f t e r  Ih  o n ly  

two p r o d u c t s ,  r e p r e s e n t e d  by  p e a k s  10 and 11 (p re s u m p t iv e  o x i n d o l e - 3 - a c e t i c  

a c i d  and p r o b a b ly  an e s t e r  o f  lAA w i th  s u g a r  o r  myo-i n o s i t o l )  were o b s e rv e d .

W ithou t  c o n c lu s iv e  i d e n t i f i c a t i o n  o f  m e t a b o l i t e s  and d e m o n s t r a t io n s  o f  

t h e i r  i n t e r c o n v e r s i o n s ,  d e d u c t io n s  c o n c e r n in g  th e  pa thw ay  o f  lAA m e ta b o l ism  

i n  Zea mays s e e d l i n g s  rem a in  t e n t a t i v e .  However, i t  would a p p e a r  t h a t  r o o t  

t i s s u e s  a r e  c a p a b le  o f  v e ry  r a p i d  m e ta b o l is m  o f  lAA by a n o n - l i n e a r  and 

p r e d o m in a n t ly  o x i d a t i v e  r e a c t i o n  p a th w a y .  O x id a t io n  d i d  n o t  in v o lv e  l o s s  

o f  t h e  c a rb o x y l  g ro u p .  I n s t e a d ,  t h e  m a jo r  p r o d u c t  a p p e a re d  t o  be o x in d o le -  

3 - a c e t i c  a c i d .  S - H y d r o x y in d o l e - 3 - a c e t i c  a c id  may a l s o  have  been  fo rm ed .

T h e re  was some e v id e n c e  f o r  t h e  f o rm a t io n  o f  two c o n ju g a t e s  w i th  lAA. One 

may have  b een  an e s t e r  o f  lAA w i th  a s u g a r  o r  myo-i n o s i t o l  w h i l e  t h e  o t h e r  

C O -c h ro m a to g ra p h ed  w i th  lA A -g ly c in e .

C o l e o p t i l e s  a p p e a re d  t o  m e t a b o l i s e  lAA more s lo w ly ,  a t  l e a s t  a t  s h o r t  

i n c u b a t i o n  t im e s .  A lth o u g h  m ost o f  t h e  p r o d u c t s  found  i n  r o o t  e x t r a c t s  were 

a p p a r e n t l y  p r e s e n t  i n  c o l e o p t i l e  s a m p le s ,  a  s i n g l e  compound w hich c o ­

ch ro m a to g rap h ed  w i th  o x i n d o l e - 3 - a c e t i c  a c i d  was p r e d o m in a n t .  Again  none o f  

t h e  m ajo r  p r o d u c t s  in v o lv e d  d e c a r b o x y l a t i o n  o f  t h e  lAA.

C e r t a i n  q u e s t i o n s  must be answ ered  b e f o r e  t h e s e  r e s u l t s  can be r e l a t e d  

t o  t h e  m e ta b o l ism  o f  endogenous lAA. F i r s t l y ,  how does t h e  manner i n  w hich 

lAA i s  s u p p l i e d  t o  t h e  p l a n t  a f f e c t  i t s  m e tab o lism ?  When segm ents  a r e  f l o a t e d  

on aqueous s o l u t i o n s  o f  ÏAA, much o f  t h e  p l a n t  grow th  s u b s t a n c e  i s  t a k e n  up 

a t  c u t  s u r f a c e s .  D e g ra d a t io n  m ig h t  o c c u r  a t  t h i s  s i t e  and h a v e  v e ry  l i t t l e  

r e l a t i o n  t o  endogenous lAA m e ta b o l i s m .  The re m a in d e r  o f  t h e  lAA w i l l  e n t e r
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a c r o s s  t h e  e p id e r m is  and move to w a rd s  t h e  c e n t r e  o f  t h e  o rg a n .  In  t h e  c a se  

o f  r o o t s  t h i s  i s  l i k e l y  t o  g iv e  r i s e  t o  a d i s t r i b u t i o n  r a t h e r  d i f f e r e n t  from  

t h a t  i n  t h e  i n t a c t  p l a n t ,  w here  t h e  m a j o r i t y  o f  lAA e n t e r s  t h e  r o o t  f rom , 

and i s  l o c a t e d  i n ,  t h e  c e n t r a l  s t e l e  ( s e e  B r id g e s  e t  a l . ,  1973; Bowen e t  a l . ,  

1972) .

E x p e r im en ts  were c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  m e ta b o l is m  o f  s e p a r a t e d  

c o r t i c a l  and s t e l a r  se g m e n ts .  The r e s u l t s  a g re e  w i th  t h o s e  o f  Greenwood 

e t  a l . (1973) i n  t h a t  v e r y  l i t t l e  lAA m e ta b o l is m  was found  t o  t a k e  p l a c e  i n  

t h e  s t e l e  d u r in g  a 2h i n c u b a t i o n .  P r o d u c ts  from c o r t i c a l  e x t r a c t s  were 

s i m i l a r  t o  t h o s e  from  w hole segm en ts  and m e ta b o lism  was r a p i d .  Thus t h e  lAA 

p r e s e n t  i n  t h e  s t e l e ,  i . e .  t h e  b u lk  o f  th e  endogenous compound, would a p p e a r  

t o  be p r o t e c t e d  from  m e ta b o l i s m .  The r a t e  a t  which lAA, t a k e n  up from  

s o l u t i o n ,  i s  m e t a b o l i s e d  i s  t h u s  l i k e l y  t o  be  c o n s id e r a b l y  g r e a t e r  t h a n  t h e  

o v e r a l l  r a t e  o f  endogenous lAA m e ta b o l is m .

An e x p e r im e n t  was t h e r e f o r e  c a r r i e d  o u t  i n  which lAA was s u p p l i e d  t o  

p r o t r u d i n g  p o r t i o n s  o f  s t e l e  a t  t h e  b a s a l  ends o f  r o o t  se g m e n ts .  In  t h i s  way 

a c l o s e r  a p p ro x im a t io n  to  t h e  n a t u r a l  s i t e  o f  e n t r y  o f  lAA was o b t a i n e d .  As 

v e ry  l i t t l e  lAA was m e t a b o l i s e d  by s t e l a r  segm ents  a t  s h o r t  i n c u b a t i o n  t i m e s ,  

t h i s  method o f  d o n a t io n  a l s o  a v o id e d  th e  p o s s i b i l i t y  t h a t  much o f  t h e  m e ta b o l is m  

was t a k i n g  p l a c e  d u r in g  e n t r y  a t  c u t  s u r f a c e s .  lAA s u p p l i e d  i n  t h e  above 

manner was m e ta b o l i s e d  more s lo w ly  th a n  lAA ta k e n  up from  s o l u t i o n ;  t h e  

p r o p o r t i o n s  o f  r a d i o a c t i v i t y ,  i n  m eth an o l  e x t r a c t s ,  r e m a in in g  a s s o c i a t e d  w i th  

t h e  lAA peak  were 50% and 31% r e s p e c t i v e l y .  The d i s t r i b u t i o n  o f  m e t a b o l i t e s  

a l s o  d i f f e r e d .  Peaks 5 , 6 , 8 , 9 , 1 0  and 11 were p r e s e n t  a s  w e l l  as  a  s m a l l  amount 

o f  a  new p r o d u c t  w hich  was l e s s  p o l a r  t h a n  peak  11. In  a d d i t i o n ,  peak  10 

( o x i n d o l e - 3 - a c e t i c  a c id )  was no l o n g e r  t h e  m ost p ro m in e n t  m e t a b o l i t e .

E x p e r im e n ts  were a l s o  c a r r i e d  o u t  i n  w hich lAA was s u p p l i e d  t o  c o l e o p t i l e  

segm en ts  from a g a r  b lo c k s  p l a c e d  a t  t h e i r  a p i c a l  e n d s .  The apex  i s  b e l i e v e d  

t o  be t h e  m a jo r  s o u rc e  o f  f r e e  lAA t o  t h e  i n t a c t  c o l e o p t i l e  ( s e e  Cohen and 

B a n d u r s k i ,  1982) and t r a n s p o r t  i s  p o l a r i s e d  i n  a  b a s i p e t a l  d i r e c t i o n  ( e . g .
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H e r t e l  and L eopo ld ,  1963). T h is  mode o f  d o n a t io n  i s  t h e r e f o r e  a  c l o s e r  

a p p ro x im a t io n  t o  t h e  n a t u r a l  s o u rc e  o f  lAA th a n  t h a t  i n  e x p e r im e n ts  i n  w hich 

lAA was t a k e n  up from  a b a t h i n g  s o l u t i o n .  The q u a n t i t y  o f  lAA m e t a b o l i s e d  

by th e  c o l e o p t i l e s  s u p p l i e d  by  t h e  two d i f f e r e n t  m ethods c o u ld  n o t  be d i r e c t l y  

compared a s  t h e  e x p e r im e n ta l  p r o c e d u r e  was n o t  i d e n t i c a l .  In  b o th  c a s e s  t h e  

m ost p ro m in e n t  m e t a b o l i t e  was peak  10 (p re s u m p t iv e  o x i n d o l e - 3 - a c e t i c  a c i d ) .

From t h e s e  o b s e r v a t i o n s  i t  can be deduced  t h a t  t h e  s i t e  a t  w hich exogenous 

lAA i s  s u p p l i e d  to  t h e  t i s s u e  may have  a  marked e f f e c t  on i t s  m e ta b o l is m ,  

a l t h o u g h  t h i s  was much more p ro n o u n ce d  i n  t h e  r o o t  t h a n  i n  t h e  c o l e o p t i l e .

The r e s u l t s  o f  e x p e r im e n ts  i n  w hich  lAA was s u p p l i e d  from  a g a r  b lo c k s  were 

b e l i e v e d  t o  g iv e  a more r e l i a b l e  a p p ro x im a t io n  o f  t h e  m e ta b o l is m  o f  endogenous 

lAA.

A se co n d  q u e s t i o n  w hich must be answ ered  when r e l a t i n g  th e  m e ta b o l ism  o f

exogenous lAA t o  t h a t  o f  t h e  endogenous compound i s ,  t o  what e x t e n t  does  th e

o b s e rv e d  m e ta b o lism  r e p r e s e n t  t h e  d e t o x i f i c a t i o n  o f  a b n o rm a l ly  l a r g e  amounts

o f  p l a n t  grow th  s u b s ta n c e ?  To answ er  t h i s  q u e s t i o n  i n  p a r t ,  e x p e r im e n ts

were c a r r i e d  o u t  t o  look  a t  m e ta b o l ism  i n  th e  p r e s e n c e  o f  d i f f e r e n t  e x t e r n a l

- 3 -2lAA c o n c e n t r a t i o n s .  C o l e o p t i l e s  i n c u b a t e d  i n  s o l u t i o n s  o f  10 , 10 and

-1 -310 mol m lAA a l l  m e t a b o l i s e d  s i m i l a r  p r o p o r t i o n s  o f  t h e  lAA t a k e n  up by 

t h e  t i s s u e .  The n a t u r e  and d i s t r i b u t i o n  o f  m e t a b o l i t e s  was a l s o  n o t  

s i g n i f i c a n t l y  a l t e r e d .  F u r th e r m o r e ,  when th e  e f f e c t  o f  d i f f e r e n t  lAA 

c o n c e n t r a t i o n s  on segm ent e lo n g a t i o n  was s t u d i e d ,  maximum grow th  to o k  p l a c e  

i n  10 ^ mol m ^ lAA. The amount o f  lAA ta k e n  up from  10 ^ mol m ^ lAA 

s o l u t i o n  and p r e s e n t  i n  t h e  t i s s u e  a f t e r  2h i n c u b a t i o n  was a p p ro x im a te ly  

4 pmol segm ent  ̂ ( 0 .2 0  pmol mg  ̂ f r e s h  w e i g h t ) .  C o l e o p t i l e  segm ents  s u p p l i e d  

w i th  IAA-2-^^C from a g a r  b lo c k s  o v e r  4h c o n ta in e d  a p p ro x im a te ly  2 .2  pmol 

segm ent  ̂ (0 .1 1  pmol mg  ̂ f r e s h  w e ig h t )  o f  exogenous lAA. P u b l i s h e d  

m easu rem en ts  o f  t h e  endogenous lAA c o n te n t  o f  Zea mays c o l e o p t i l e s  (W e i le r  

u t  a l . ,  1981; cv Anjou 21) u s i n g  a rad io im m unoassay  a r e  a s  f o l l o w s :

10 pmol e x t r a c t a b l e  " f r e e "  lAA p e r  2.5mm t i p ;  c a .  3 pmol " d i f f u s i b l e "  lAA
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p e r  mg f r e s h  w e ig h t  o f  c o l e o p t i l e  t a k e n  from  be tw een  2 .5  and 10mm from  th e  

t i p .

The amounts o f  lAA s u p p l i e d  were t h e r e f o r e  o f  t h e  same o r d e r  o f  m agn itude  

o r  lo w e r ,  th a n  th e  endogenous l e v e l s .  Thus t h r e e  l i n e s  o f  e v id e n c e  i n d i c a t e d  

t h a t  t h e  m e ta b o l ism  o f  lAA o b s e rv e d  i n  t h e  p r e s e n t  e x p e r im e n ts  was u n l i k e l y  

t o  be a d e t o x i f i c a t i o n  r e a c t i o n  t o  r e d u c e  a b n o rm a l ly  h ig h  l e v e l s  o f  t h e  

compound.

The same r e s u l t s  were o b t a i n e d  i n  e x p e r im e n ts  w i th  r o o t  t i s s u e s .  Segm ents

-4  “ 3 -2  -3in c u b a t e d  i n  e x t e r n a l  c o n c e n t r a t i o n s  o f  10 , 10 and 10 mol m lAA

m e t a b o l i s e d  com parab le  p r o p o r t i o n s  o f  t h e  IAA-2-^^C t a k e n  up and c o n ta i n e d  a

s i m i l a r  p a t t e r n  o f  p r o d u c t s ,  d e s p i t e  a  l a r g e  i n c r e a s e  i n  u p ta k e  o f  lAA a t

h i g h e r  c o n c e n t r a t i o n s .  A f t e r  a  2h i n c u b a t i o n  i n  10 mol m ^ lAA s o l u t i o n ,

t h e  amount o f  exogenous lAA p r e s e n t  i n  t h e  t i s s u e  was c a l c u l a t e d  t o  be

a p p r o x im a te ly  5 .7  yg kg  ̂ f r e s h  w e ig h t .  M easurem ents o f  endogenous q u a n t i t i e s

o f  lAA i n  s i m i l a r  p o r t i o n s  o f  r o o t  by B r id g e s  e ^  a l^ . , (1973) f o r  t h e  v a r i e t y

" G ia n t  W hite H o r s e to o th "  and by R i v i e r  and P i l e t  (1974) f o r  t h e  v a r i e t y

Kelvedon 33, were 29 and 76 yg kg  ̂ f r e s h  w e ig h t  r e s p e c t i v e l y .  Thus th e

amounts o f  lAA t a k e n  up were an o r d e r  o f  m agn itude  l e s s  t h a n  endogenous

q u a n t i t i e s .

A t h i r d  p ro b le m  c o n c e rn s  w h e th e r  m e ta b o l ism  o f  lAA changes  due to  t h e

a g e in g  o f  e x c i s e d  s e g m e n ts .  R e s u l t s  o f  t im e - c o u r s e  e x p e r im e n ts  on lAA

m e ta b o l ism  i n  r o o t s  i n d i c a t e d  t h a t  lAA t a k e n  up a f t e r  l o n g e r  i n c u b a t i o n  t im e s  

was more r a p i d l y  m e t a b o l i s e d .  Growth e x p e r im e n ts  i n d i c a t e d  t h a t  a f t e r  Ih  

t h e r e  was a p r o g r e s s i v e  d e c r e a s e  i n  t h e  r a t e  o f  e l o n g a t i o n .  I t  would 

t h e r e f o r e  a p p e a r  t h a t  s h o r t - t e r m  e x p e r im e n t s  a r e  more l i k e l y  t o  g iv e  an 

a c c u r a t e  r e p r e s e n t a t i o n  o f  lAA m e ta b o l is m  i n  th e  i n t a c t  p l a n t .  More work i s  

r e q u i r e d  t o  d i s c o v e r  w h e th e r  more im m ed ia te  wound r e s p o n s e s  m igh t  a l s o  have  

a s i g n i f i c a n t  e f f e c t  on lAA m e ta b o l is m .

F o u r t h l y ,  i t  s h o u ld  be c o n s id e r e d  w h e th e r  t h e  l a b e l  w i l l  have  a

s i g n i f i c a n t  e f f e c t  on t h e  d i s t r i b u t i o n  o f  p r o d u c t s .  However, w i th  a t
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room te m p e r a tu r e  t h e  maximum i s o t o p e  e f f e c t  i s  c a .  10% ( e . g .  A ld e r  e ^  , 1971)

In  summary, i t  i s  d i f f i c u l t  t o  r e l a t e  t h e  r e s u l t s  o f  s t u d i e s  on exogenous 

lAA m e ta b o l ism  i n  e x c i s e d  p l a n t  t i s s u e s  t o  t h e  endogenous m e ta b o l ism .

However, t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s tu d y  d i d  n o t  a p p e a r  t o  be a r t i ­

f a c t s  p ro d u c e d  a t  c u t  s u r f a c e s  o r  c o n seq u e n c e s  o f  d e t o x i f i c a t i o n  o f  a b n o rm a l ly  

l a r g e  amounts o f  hormone. E x p e r im e n ts  i n  which lAA was s u p p l i e d  from a g a r  

b lo c k s  p l a c e d  i n  a  s i t u a t i o n  t o  mimic t h e  endogenous s o u rc e  o f  lAA were m ost 

l i k e l y  to  g iv e  r e l i a b l e  i n f o r m a t i o n  on endogenous m e ta b o l is m .  In  f u t u r e  

e x p e r im e n t s  i t  would be p o s s i b l e  t o  s u p p ly  l a b e l l e d  lAA t o  t h e  endosperm  o f  

i n t a c t  s e e d l i n g s .  As lAA i s  t r a n s p o r t e d  a c r o p e t a l l y  a lo n g  th e  r o o t  t h i s  i s  

l i k e l y  t o  p r o v id e  an a d e q u a te  means o f  d o n a t io n  to  t h i s  o r g a n .  H a l l  and 

B a n d u rsk i  (1978) have  shown, how ever ,  t h a t  when l a b e l l e d  lAA was s u p p l i e d  i n  

t h i s  way, 98% o f  t h e  r a d i o a c t i v i t y  moving i n t o  t h e  s h o o t  had  b een  m e t a b o l i s e d .  

T h is  m ethod would t h e r e f o r e  n o t  be a f e a s i b l e  means o f  s u p p ly in g  lAA t o  t h e  

c o l e o p t i l e .  I n s t e a d ,  lAA c o u ld  be  a p p l i e d  t o  t h e  c o l e o p t i l e  t i p  o f  i n t a c t  

s e e d l i n g s  u s in g  a m i c r o p i p e t t e .

W ithou t  t h e  r e s u l t s  o f  su ch  s t u d i e s ,  c o n s i d e r a t i o n s  o f  t h e  p o t e n t i a l  o f  

pa thw ays  o f  lAA m e ta b o l is m  t o  r e g u l a t e  i t s  endogenous l e v e l s  a r e  s p e c u l a t i v e .  

N e v e r t h e l e s s ,  i t  would a p p e a r  t h a t  b o th  r o o t  and c o l e o p t i l e  t i s s u e s  have  t h e  

c a p a c i t y  f o r  r a p i d  m e ta b o lism  o f  lAA. I t  i s  l i k e l y  t h a t  t h e  f r e e  lAA i n

th e  p l a n t  h a s  a  r e l a t i v e l y  r a p i d  t u r n o v e r .  W hether o r  n o t  t h e  m e ta b o l ism  o f

lAA i s  a l i m i t i n g  s t e p  i n  r e g u l a t i n g  i t s  l e v e l s ,  t h i s  p r o p e r t y  would a l lo w  

t h e  p l a n t  t o  change t h e  amount o f  lAA p r e s e n t  w i t h i n  a s h o r t  t im e .

I f  t h e  l e v e l  o f  lAA i s  c o n t r o l l e d  by  t h e  r a t e  o f  i t s  m e ta b o l ism ,  t h e

l a t t e r  m ig h t  be  e x p e c te d  t o  r i s e  a s  t h e  amount o f  exogenous lAA ta k e n  up i s

i n c r e a s e d .  In  f a c t  t h e  p r o p o r t i o n  o f  lAA m e ta b o l i s e d  by b o th  r o o t  and

c o l e o p t i l e  segm ents  was in d e p e n d e n t  o f  t h e  amount o f  exogenous lAA t a k e n  up

o v e r  a  r a n g e  o f  two o r d e r s  o f  m a g n i tu d e .  Thus t h e r e  i s  some e v id e n c e  t h a t
s o l e l y

lAA l e v e l s  m igh t  n o t  be  c o n t r o l l e d ^ b y  t h e  r a t e  o f  m e ta b o l is m .  The r e s u l t s  o f  

e x p e r im e n ts  D and E i n d i c a t e d  t h a t  lAA p r e s e n t  i n  t h e  s t e l e  o f  t h e  r o o t  i s
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l a r g e l y  p r o t e c t e d  from m e ta b o l is m ,  w h i le  lAA i n  th e  c o r t e x  d i s a p p e a r s  

r a p i d l y .  The l e v e l s  o f  lAA i n  t h e  r o o t  m igh t  t h e r e f o r e  be r e g u l a t e d  by t h e

amount o f  l a t e r a l  movement from  t h e  s t e l e  i n t o  t h e  c o r t e x .

B an d u rsk i  and cow orkers  ( e . g .  Cohen and B a n d u r s k i ,  1978) have  p ro p o s e d  

t h a t  t h e  r e v e r s i b l e  c o n ju g a t io n  o f  lAA w i th  s u g a r s  o r  myo-i n o s i t o l  may be 

i m p o r ta n t  i n  r e g u l a t i n g  lAA l e v e l s  i n  Zea mays s e e d l i n g s .  The r e s u l t s  o f  

t h i s  t h e s i s  i n d i c a t e d  t h a t  lAA c o n ju g a t e s  c o m p rised  o n ly  a s m a l l  f r a c t i o n  o f  

t h e  t o t a l  s p e c t ru m  o f  m e t a b o l i t e s  o f  exogenous lAA. I t  i s  p o s s i b l e  t h a t  

c o n ju g a t io n  may be more im p o r t a n t  i n  s t o r a g e  t i s s u e s  such  as t h e  endosperm .

E x p e r im en ts  i n  which th e  m e ta b o l ism  o f  lA A -l-^^C  and IAA-2-^^C were 

compared i n d i c a t e d  t h a t  none o f  t h e  m a jo r  p r o d u c t s  had  b een  form ed by

d e c a r b o x y l a t i o n .  R e inecke  and B a n d u rsk i  (1981) a l s o  p r e s e n t e d  e v id e n c e

t h a t  t h e  i n i t i a l  o x i d a t i o n  o f  lAA i n  Zea mays endosperm  does  n o t  i n v o lv e  t h e  

l o s s  o f  c a rb o n -1  o f  t h e  s i d e  c h a in .  These  r e s u l t s  c a l l  i n t o  q u e s t i o n  th e  

r ô l e  o f  t r a d i t i o n a l  lA A -o x id ase s  i n  t h e  ^  v iv o  o x i d a t i o n  o f  lAA i n  Zea mays 

s e e d l i n g s , a s  t h e s e  enzyme p r e p a r a t i o n s  h a v e  been  shown t o  c a t a l y s e  th e  

d e c a r b o x y l a t i o n  o f  lAA to  form  e i t h e r  3 -m e th y le n  e o x in d o le  o r  i n d o l e - 3 -  

a ld e h y d e  ( e . g .  Hinman and Lang, 1965; R ic a rd  and J o b ,  197 4 ) .

lA A -ox idase  p r e p a r a t i o n s ,  u s u a l l y  p e r o x i d a s e s ,  ( se e  I n t r o d u c t i o n ) ,  

f r e q u e n t l y  show low s u b s t r a t e  s p e c i f i c i t y  ( B u t t ,  1980 ) .  They have  been  

e x t r a c t e d  from  a  w ide  r a n g e  o f  p l a n t  s p e c i e s  ( S c h n e id e r  and Wightman, 197 4 ) .

The p o s s i b i l i t y  t h a t  t h e s e  enzymes m ig h t  be im p o r ta n t  i n  r e g u l a t i n g  lAA l e v e l s  

i n  h i g h e r  p l a n t s  h as  b e e n  s t u d i e d  e x t e n s i v e l y .  V a r io u s  t y p e s  o f  c o r r e l a t i o n s  

b e tw een  lA A -ox idase  a c t i v i t y  and endogenous lAA l e v e l s  have  been  r e p o r t e d  

( e . g .  F r e n k e l ,  1972; Atsumi and H a y a s h i ,  1978; S a l e h ,  1981; Rao e t  a ^ . , 1982) 

None o f  t h e s e  i n v e s t i g a t i o n s  h a s  shown c o n c l u s i v e l y  t h a t  lA A -ox idase  can 

r e g u l a t e  endogenous lAA l e v e l s .  B r ig g s  e t  a l . (1955) r e p o r t e d  no r e l a t i o n  

be tw een  e x t r a c t a b l e  lA A -ox idase  a c t i v i t y  and th e  d i s a p p e a r a n c e  o f  lAA v iv o  

i n  t i s s u e s  o f  t h e  f e r n  Osmunda cinnamomea L.

D e s p i te  t h e  la c k  o f  e v id e n c e  f o r  d e c a r b o x y l a t i o n  i n  t h e  p r e s e n t  s tu d y .
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o t h e r  r e s e a r c h e r s  have  found  e v id e n c e  f o r  t h e  d e c a r b o x y la t i o n  o f  lAA.

S u b s t a n t i a l  q u a n t i t i e s  o f  may b e  p ro d u c e d  when lA A -l-^^C  i s  s u p p l i e d

t o  a v a r i e t y  o f  p l a n t  s p e c i e s  ( e . g .  W ilk in s  e t  a l . ,  1972b; Grochowska, 1974; 

Ryugo and B re e n ,  1974; E p s t e i n  and L avee , 1975; H a m il to n  e t  a l . , 1976;

M enschick and H i l d ,  1976; E p s t e i n  and Lavee, 1977a).

T here  a r e  a t  l e a s t  t h r e e  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  d i s c r e p a n c y .

F i r s t l y ,  d e c a r b o x y la t i o n  m ig h t  be  o c c u r r in g  a t  c u t  s u r f a c e s  c a t a l y s e d  by  

w ound-p roduced  p e r o x i d a s e  enzymes. E v id e n ce  f o r  p r o d u c t s  .o f  d e c a r b o x y la t i o n  

i n  t h e  i n c u b a t i n g  medium r a t h e r  t h a n  t h e  p l a n t  t i s s u e  have  b een  found  by 

A ndreae and C o l l e t  (1968) and H am il to n  e t  a l .  (1 9 7 6 ) .  In  t h e  p r e s e n t  s tu d y  

t h e r e  was some e v id e n c e  f o r  t h e  p r e s e n c e  o f  d e c a r b o x y la t i o n  p r o d u c t s  i n  t h e  

i n c u b a t i n g  s o l u t i o n .  Une o r  som etim es two p e a k s ,  w hich  w ere  l e s s  p o l a r  

t h a n  lAA, and o n ly  a p p e a re d  when m e t h y l e n e - l a b e l l e d  lAA was s u p p l i e d ,  w ere  

o b s e rv e d  on HPLC t r a c e s .

S e c o n d ly ,  i t  i s  p r o b a b l e  t h a t  t h e r e  may be d i f f e r e n c e s  i n  lAA m e ta b o l ism  

b e tw een  s p e c i e s .  E v id e n ce  f o r  such  d i f f e r e n c e s  i n  t h e  n a t u r e  o f  t h e  lAA 

c o n ju g a t e s  form ed i s  s u b s t a n t i a l .  B a n d u rsk i  and S c h u lz e  (1977) s t u d i e d  t h e  

endogenous lAA c o n ju g a t e s  p r e s e n t  i n  t h e  s e e d s  from s e v e r a l  p l a n t  s p e c i e s .

They d i s c o v e r e d  t h a t  i n  c e r e a l s  much o f  t h e  lAA was e s t e r i f i e d , w h i l e  i n  

legumes p e p t i d y l  lAA was more a b u n d a n t .  More c o n c lu s i v e  i d e n t i f i c a t i o n s  o f  

endogenous lAA c o n ju g a t e s  i n d i c a t e  t h e  same t r e n d .  E s t e r s  o f  lAA w i th  s u g a r s  

and myo-i n o s i t o l  have  been  e x t r a c t e d  from  Zea mays (Ehmann, 1974; Ehmann and 

B a n d u r s k i ,  1974) and Qryza s a t i v a  ( H a l l ,  1980) w h i l e  lA A -g ly c in e  was found  i n  

so y b ean  (Cohen, 1981), S i m i l a r  v a r i a t i o n  may be found  i n  o x i d a t i o n  p a th w a y s .

T h i r d l y ,  w h i l e  t h e  i n i t i a l  o x i d a t i o n  o f  lAA may n o t  in v o lv e  d e c a r b o x y l a t i o n ,  

t h i s  m ust o c c u r  a t  some s t a g e  i n  i t s  c a ta b o l i s m .  In  m ost o f  t h e  p u b l i c a t i o n s  

q u o t e d ,  t h e  m a j o r i t y  o f  ^^COg e v o l u t i o n  o c c u r r e d  a f t e r  i n c u b a t i n g  t h e  t i s s u e  

f o r  l o n g e r  t h a n  2h. I n d e e d  p r e l i m i n a r y  e x p e r im e n ts  i n  t h e  p r e s e n t  s tu d y  

( r e s u l t s  n o t  g iv en )  i n d i c a t e d  t h a t  ^^C02 was e v o lv e d  by  Zea mays r o o t  segm en ts  

and i n t a c t  s e e d l i n g s  i n c u b a t e d  i n  aqueous s o l u t i o n s  o f  lA A -j-^^C  f o r  l o n g e r  

p e r i o d s .
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In  c o n c lu s i o n ,  u n t i l  i t  i s  shown c o n c l u s i v e l y  t h a t  p r o d u c t s  such  as  

i n d o le - 3 - a ld e h y d e  and 3 -m e th y le n e o x in d o le  a r e  a c t u a l l y  form ed i n  v iv o  t h e  

r ô l e  o f  lA A -ox idases  r em a in s  c o n j e c t u r a l .

B. I m p l i c a t i o n s  o f  R e s u l t s  on lAA M e ta b o l ism  f o r  R e se a rc h  i n t o  o t h e r  

A s p e c ts  o f  lAA P h y s io lo g y

In  t h i s  t h e s i s  i t  h a s  b e e n  shown t h a t  exogenous lAA i s  r a p i d l y  and 

e x t e n s i v e l y  m e t a b o l i s e d  by th e  r o o t s  and c o l e o p t i l e s  o f  Zea mays s e e d l i n g s .

As a l a r g e  p r o p o r t i o n  o f  r e s e a r c h  i n t o  t h e  r ô l e  o f  lAA i n  h i g h e r  p l a n t s  i s  

c a r r i e d  o u t  u s in g  exogenous lAA, i t  i s  im p e r a t iv e  t h a t  m e ta b o l is m  d u r in g  th e  

c o u rs e  o f  su ch  e x p e r im e n t s  i s  t a k e n  i n t o  c o n s i d e r a t i o n .

A l a r g e  v a r i e t y  o f  r e s p o n s e s  may be  e l i c i t e d  when lAA i s  a p p l i e d  t o  

v a r i o u s  p l a n t  t i s s u e s  (T a b le  1 ) .  I t  i s  p o s s i b l e ,  how ever, t h a t  m e t a b o l i t e s  

o f  lAA may a l s o  have  p h y s i o l o g i c a l  a c t i v i t y .  In d e e d ,  lAA i t s e l f  m igh t  n o t  

be t h e  a c t i v e  m o le c u le .  A s e r i e s  o f  p a p e r s  by T u l i  and cow orkers  ( e . g .

T u l i  and Moyed, 196 7 and 1969) p r e s e n t e d  e v id e n c e  t h a t  3 -m e th y le n e o x in d o le  

was r e s p o n s i b l e  f o r  a t  l e a s t  some e f f e c t s  o f  lAA. However, a  number o f  o t h e r  

s c i e n t i s t s  ( e . g .  S k y t t  A ndersen  ejb a ^ . , 1972; Evans and Ray, 1973; R o b e r t s ,  

1974; E vans ,  1976 a and b ; H a m il to n  e t  a l . ,  1976; S a b a t e r  e t  a l . ,  1976;

Lau e ^  a l . , 1978) have  s i n c e  found  3 - m e th y le n e o x in d o le  t o  be  d e v o id  o f  a u x in  

a c t i v i t y  and t h e  t h e o r y  h a s  now b e e n  d i s c o u n t e d .  N e v e r t h e l e s s ,  o t h e r  lAA 

m e t a b o l i t e s  may w e l l  be  p h y s i o l o g i c a l l y  a c t i v e .  K in a sh i  u t  a l . (1976) 

s u g g e s t e d  t h a t  t h e  g r o w t h - i n h i b i t o r y  s u b s ta n c e  " 3 - a c i d "  found  i n  r i c e  b r a n  i s

COOH

P-acld
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an o x i d a t i o n  p r o d u c t  o f  lAA. H a n g a r te r  and cow orkers  ( e . g .  H a n g a r te r  ê L 

a l , 1980, and H a n g a r te r  and Good, 1981) and Feung ^  (1977) have  exam ined

t h e  p h y s i o l o g i c a l  a c t i v i t y  o f  v a r i o u s  amino a c i d  c o n ju g a t e s  o f  XAA: how ever ,

r e s u l t s  i n d i c a t e d  t h a t  a c t i v i t y  was d e p e n d e n t  on t h e i r  h y d r o l y s i s .

The m e ta b o lism  o f  lAA m ust a l s o  be c o n s id e r e d  when p l a n n i n g  th e  d u r a t i o n  

o f  e x p e r im e n ts  on t h e  e f f e c t s  o f  lAA. A f t e r  24h , Zea mays r o o t  and c o l e o p t i l e

segm ents  i n c u b a t e d  i n  IAA-2-^^C had  m e ta b o l i s e d  a t  l e a s t  99% o f  t h e  r a d i o ­

a c t i v e  lAA t a k e n  up by t h e  t i s s u e .  The m e ta b o lism  o f  lAA i n  r o o t s  was 

m ark e d ly  a f f e c t e d  by t h e  s i t e  o f  i t s  d o n a t i o n .  T h is  may a l s o  have  a b e a r i n g  

on e x p e r im e n ts  on th e  e f f e c t s  o f  exogenous  lAA. When r o o t  segm en ts  a r e  

s u p p l i e d  w i th  lAA from  s o l u t i o n ,  m ost w i l l  e n t e r  t h e  t i s s u e  th ro u g h  t h e  c o r t e x  

w here  i t  i s  r a p i d l y  m e t a b o l i s e d .  T h is  m ust be b o rn e  i n  mind when i n t e r p r e t i n g  

t h e  r e s u l t s  o f  e x p e r im e n ts  such  a s  t h o s e  o f  S te e n  and H i ld  (1980) and 

Schurzman and H i ld  (1980) i n  w hich  lAA was s u p p l i e d  from  a g a r  b lo c k s  p l a c e d  on 

th e  s i d e  o f  m aize  r o o t s  f o r  a  4h o r  6h p e r i o d ,  F i r n  (1982) n o t e d  t h a t  lAA, 

s u p p l i e d  t o  s u n f lo w e r  h y p o c o ty l  s e c t i o n s  v i a  th e  c u t  s u r f a c e s ,  p ro d u ce d  a v e ry  

weak r e s p o n s e .  On t h e  o t h e r  h a n d ,  lAA e n t e r i n g  th ro u g h  th e  e p id e r m is  in d u c e d  

c h a r a c t e r i s t i c  r a p i d  g row th  p ro m o t io n .  The d i f f e r e n c e  i n  e f f e c t i v e n e s s  o f  

lAA s u p p l i e d  a t  two d i f f e r e n t  s i t e s  c o u ld  r e f l e c t  a l t e r a t i o n s  i n  t h e  r a t e  o r  

p a t t e r n  o f  m e ta b o l is m .

Zea mays r o o t s  and c o l e o p t i l e s  have  been  u sed  e x t e n s i v e l y  i n  e x p e r im e n ts  

on v a r i o u s  a s p e c t s  o f  t h e  p h y s io lo g y  o f  lAA. These s t u d i e s  a r e  f r e q u e n t l y  

b a s e d  on th e  p re m ise  t h a t  a p p l i e d  lAA i s  n o t  m e ta b o l i s e d  s i g n i f i c a n t l y  d u r in g  

t h e  e x p e r im e n t .  In  p a r t i c u l a r ,  Zea mays c o l e o p t i l e s  and som etim es r o o t s  

have  been  u se d  t o  i n v e s t i g a t e  lAA b i n d in g  s i t e s  ( e . g .  H e r t e l  e t  a l . ,  1972;

B a t t  e t  a l . ,  1976; Ray e ^  ^ . , 1977; C ross  and B r ig g s ,  1979; Moloney and 

P i l e t ,  198 1 ) .  None o f  t h e s e  s t u d i e s  m en t io n  any form  o f  t e s t  t o  e n s u re  t h a t  

r a d i o a c t i v i t y  from l a b e l l e d  lAA s u p p l i e d  t o  c e l l  p r e p a r a t i o n s  re m a in s  

a s s o c i a t e d  w i th  t h e  lAA m o le c u le  a t  t h e  end o f  t h e  e x p e r im e n t .

I t  was p ro p o s e d  by  Went (1928) t h a t  g e o t r o p i c  and p h o t o t r o p i c  c u r v a t u r e s
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i n  p l a n t s  were m e d ia te d  by t h e  l a t e r a l  t r a n s p o r t  o f  grow th p ro m o t in g  s u b s ta n c e  

from  one s i d e  o f  t h e  o rg a n  t o  t h e  o t h e r .  A f t e r  t h e  p r o p o s a l  t h a t  t h e  

ch em ica l  i d e n t i t y  o f  a u x in  was lAA, s e v e r a l  s t u d i e s  were c a r r i e d  o u t  u s in g  

r a d i o l a b e l l e d  lAA t o  i n v e s t i g a t e  i t s  l a t e r a l  movement i n  Zea c o l e o p t i l e s  ( e . g .  

G o ldsm ith  and W i lk in s ,  1964; de l a  P u e n te  and L eopo ld ,  1968; W ilk in s  and 

Whyte, 1968; Cane and W i lk in s ,  1969; H e r t e l  e t  , 1969; Shaw e t  a l . ,

1973; G ardner  e t  ^ . , 197 4 ) .  In  some c a s e s ,  t e s t s  f o r  m e ta b o lism  were 

c a r r i e d  o u t  u s in g  TLC a n a l y s i s  o f  r a d i o a c t i v e  compounds ( e . g .  Cane and W i lk in s ,  

1969; Shaw e ^  a ^ . , 1973; G a rd n e r  e t  a l . ,  1974 ) .  I n  t h e  p r e s e n t  s tu d y  TLC 

was found  n o t  t o  h av e  s u f f i c i e n t  r e s o l u t i o n  t o  s e p a r a t e  t h e  l a r g e  number o f  

lAA m e t a b o l i t e s .  I t  was t h e r e f o r e  th o u g h t  p o s s i b l e  t h a t  t h e  amount o f  lAA 

m e t a b o l i s e d  may have  been  u n d e r e s t im a t e d .  However, Shaw o t  a l . (1973) found

t h a t  a b o u t  40% o f  t h e  r a d i o a c t i v i t y  e x t r a c t e d  from  c o l e o p t i l e  t i s s u e  a f t e r  I h ,  

had  been  m e ta b o l i s e d ;  i . e .  a  l i t t l e  more t h a n  r e c o r d e d  i n  t h i s  t h e s i s .

Given t h e  d i f f e r e n c e s  i n  e x p e r im e n ta l  c o n d i t i o n s  t h e  r e s u l t s  a r e  i n  r e a s o n a b l e  

a g re e m e n t .  As i n  t h e  p r e s e n t  e x p e r im e n ts  Shaw e t  a ^ .  (1973) found  o n ly  a 

s i n g l e  peak  o f  r a d i o a c t i v i t y ,  c o r r e s p o n d in g  t o  lAA, on a n a l y s i s  o f  e x t r a c t s  

from  r e c e i v e r  b lo c k s  o f  a g a r .  T h is  i n d i c a t e d  t h a t  lAA m e t a b o l i t e s  were n o t

m ob ile  and gave f u r t h e r  e v id e n c e  f o r  t h e  s p e c i f i c  t r a n s p o r t  o f  lAA.

Zea c o l e o p t i l e s  have  a l s o  b e e n  u s e d  i n  t h e  s tu d y  o f  p o l a r i s e d  b a s i p e t a l  

t r a n s p o r t  o f  lAA ( e . g .  H e r t e l  and L eo p o ld ,  1963; Edwards and G o ld sm ith ,  1980; 

Sussman and G o ld sm ith ,  1 9 8 1 ) .  I n  l a t e r  p a p e r s  TLC a n a l y s i s  o f  e x t r a c t s  

i n d i c a t e d  a s low  r a t e  o f  m e ta b o l ism  ( c i r c a  5-10% o f  lAA s u p p l i e d ,  p e r  h o u r ) ;  

i n  com par ison  w i th  p r e s e n t  r e s u l t s  t h i s  would a p p e a r  t o  be  an u n d e r e s t i m a t e .

In  Zea mays r o o t s ,  t r a n s p o r t  o f  lAA a p p e a rs  to  be  p o l a r i s e d  i n  an

a c r o p e t a l  d i r e c t i o n  ( e . g .  W ilk in s  and S c o t t ,  1968; W ilk in s  e t  ^ . , 1972a;

M a r t in  et_ a ^ . , 1978) and t a k e s  p l a c e  p r e d o m in a n t ly  i n  t h e  s t e l e  ( e . g .  Cane 

and W i lk in s ,  1970; Bowen e t  a l . ,  1972; Shaw and W i lk in s ,  1974 ) .  Some p a p e r s  

( e . g .  W ilk in s  e t  a l . ,  1972aand Shaw and W i lk in s ,  1974) have  t e s t e d  f o r  

m e ta b o lism  o f  lAA u s in g  TLC a n a l y s i s .  The r e s u l t s  i n d i c a t e d  t h a t  a l t h o u g h
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s u b s t a n t i a l  m e ta b o lism  to o k  p l a c e  i n  t h e  p l a n t  t i s s u e , o n l y  lAA i t s e l f  was 

c o l l e c t e d  i n  r e c e i v e r  b l o c k s  o f  a g a r .  T h is  r e s u l t  h a s  been  c o n f i rm e d  i n  

t h i s  t h e s i s  u s in g  t h e  h i g h e r  r e s o l u t i o n  t e c h n iq u e  o f  HPLC.

The r e s u l t s  i n  t h i s  t h e s i s  t h u s  c o n f i rm  t h e  v a l i d i t y  o f  t h e  p u b l i s h e d  

work on lAA t r a n s p o r t .  I t  i s  s u g g e s t e d ,  how ever, t h a t  i n  f u t u r e  more 

r i g o r o u s ,  q u a n t i t a t i v e  i d e n t i f i c a t i o n  o f  t h e  r a d i o a c t i v i t y  a t  t h e  end o f  

e x p e r im e n ts  s h o u ld  be c a r r i e d  o u t .

C. The E f f e c t  o f  lAA on Root E lo n g a t io n

As d e t a i l e d  i n  t h e  I n t r o d u c t i o n ,  d a t a  on th e  e f f e c t  o f  lAA on r o o t  

e lo n g a t i o n  a r e  c o n t r a d i c t o r y .  Some i n v e s t i g a t o r s  have  o n ly  found  e v id e n c e  

f o r  an  i n h i b i t i o n  o f  grow th  by lAA ( e . g .  Greenwood and Y eas, 1 9 7 5 ) .  O th e rs  

have  o b s e rv e d  a  s m a l l  g row th  p ro m o t io n  a t  v e r y  low c o n c e n t r a t i o n s  ( e . g .

B a t r a  e ^  aT^., 1975; Edwards and S c o t t ,  1977; E l l i o t t ,  1977; Evans e t  a l . ,  

1980; Mulkey e t  a l . ,  1981; P i l e t  and E l l i o t t ,  1 9 8 1 ) .  E x p e r im en ts  on t h e  

e f f e c t s  o f  lAA on r o o t  g ro w th ,  d e s c r i b e d  in  t h i s  t h e s i s ,  a r e  o f  a  p r e l i m i n a r y  

n a t u r e .  N e v e r t h e l e s s ,  some i n t e r e s t i n g  o b s e r v a t i o n s  have  b een  made.

The grow th r a t e  o f  r o o t  segm en ts  d e c r e a s e d  r a p i d l y  a f t e r  e x c i s i o n .  

E x p e r im en ts  i n  t h i s  t h e s i s  w ere  c a r r i e d  o u t  u s in g  s h o r t  i n c u b a t i o n  p e r i o d s  

( I h ) . D uring  t h i s  t im e  th e  grow th  r a t e  o f  segm ents  was com parab le  t o  t h a t  o f  

i n t a c t  r o o t s .  M e tabo lism  e x p e r im e n ts  w hich showed exogenous lAA t o  be r a p i d l y  

m e ta b o l i s e d  p r o v id e d  a f u r t h e r  r e a s o n  f o r  u s in g  s h o r t  i n c u b a t i o n  p e r i o d s .

O th e r  s c i e n t i s t s  h av e  f r e q u e n t l y  u s e d  l o n g e r  i n c u b a t i o n  t im e s ;  e . g .

B a t r a  e ^  a ^ . , 1975 (6 and 2h) ; P i l e t  o l  aT^., 1979 (4 , 8 and 12h) ; P i l e t  and 

E l l i o t t ,  1981 ( 8 h ) . The d e c e l e r a t i o n  o f  growth s h o u ld  be c o n s id e r e d  when 

i n t e r p r e t i n g  t h e s e  r e s u l t s .  The d a t a  o f  P i l e t  e ^  a l . (1 9 7 9 ) ,  may be t r e a t e d  

as  an exam ple . I n  t h i s  p a p e r  t h e  e f f e c t  o f  lAA on t h e  grow th  o f  r o o t  segm ents  

w hich  had  been  s to o d  on a g a r  f o r  8h was s t u d i e d .  The r e s u l t s  were compared 

w i th  t h o s e  f o r  f r e s h l y  c u t  segm en ts  s u p p l i e d  im m e d ia te ly  w i th  lAA. Roots  l e f t  

on a g a r  f o r  8h showed a s u b s t a n t i a l  d e c r e a s e  i n  endogenous lAA. F u r th e rm o re ,
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low c o n c e n t r a t i o n s  o f  lAA, i n h i b i t o r y  t o  t h e  grow th o f  f r e s h l y  c u t  se g m e n ts ,  

were r e p o r t e d  t o  s t i m u l a t e  g row th  o f  r o o t s  which had  been  l e f t  on a g a r  f o r  8h. 

The a u th o r s  h y p o t h e s i s e d  t h a t  i n t a c t  Zea maysr o o t s  c o n ta i n e d  a s a t u r a t i n g  o r  

s u p r a - o p t i m a l  l e v e l  o f  lAA. A g ro w th -p ro m o to ry  e f f e c t  was t h e r e f o r e  o n ly  

o b s e rv e d  when th e  endogenous lAA c o n t e n t  was d e p l e t e d .  However, r o o t  segm ents  

l e f t  f o r  8h would show v e r y  l i t t l e  g ro w th .  I t  i s  n o te w o r th y  t h a t  B a e h le r  

and P i l e t  (1981) a l s o  n o t i c e d  a  d e c r e a s e  i n  t h e  grow th  r a t e  o f  segm en ts  a f t e r  

e x c i s i o n .  A lthough  t h i s  a p p e a re d  t o  be  somewhat s lo w e r  t h a n  r e p o r t e d  i n  

t h i s  t h e s i s ,  g row th  had  d e c r e a s e d  s u b s t a n t i a l l y  8h a f t e r  e x c i s i o n .  I t  i s  th u s  

d i f f i c u l t  t o  s e e  how a v a l i d  c om par ison  b e tw een  g row th  o f  segm en ts  l e f t  f o r  

8h and t h a t  o f  f r e s h l y  c u t  s e g m e n ts ,  c o u ld  be c a r r i e d  o u t .  F u r th e rm o re ,  

s u b s t a n t i a l  changes^ o t h e r  th a n  a d e c r e a s e  i n  t h e  lAA l e v e l s ^ w i l l  have  t a k e n  

p l a c e  d u r in g  8h a f t e r  e x c i s i o n .  R e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  i n d i c a t e d  

t h a t  t h e  d e c r e a s e  i n  grow th  was n o t  p r i n c i p a l l y  due t o  l a c k  o f  lAA.

I n c u b a t io n  w i th  v a r i o u s  c o n c e n t r a t i o n s  o f  exogenous lAA o v e r  a  24h p e r i o d  d id  

n o t  m a i n t a i n  e l o n g a t i o n  a t  t h e  same r a t e  as  i n  i n t a c t  r o o t s .  I t  was t h e r e f o r e  

c o n c lu d e d  t h a t  t h e  d e c r e a s e  i n  grow th  was due t o  la c k  o f  o t h e r  s u b s ta n c e s  

( e . g .  n u t r i e n t s ,  o t h e r  p l a n t  grow th  s u b s t a n c e s )  o r  t o  t h e  p r e s e n c e  o f  i n h i b i t o r y  

compounds su ch  as  e t h y l e n e .  The same c o n c lu s io n  was r e a c h e d  by Greenwood and 

Yeas (1 9 7 5 ) .  They m o n i to re d  t h e  grow th  o f  r o o t  segm ents  a f t e r  e x c i s i o n .

Whole r o o t  segm ents  were compared w i th  t h o s e  from  w hich t h e  s t e l e  ( t h e  main 

s i t e  o f  lAA i n  t h e  r o o t )  h a d  b e e n  rem oved . The grow th  o f  b o th  groups 

d e c r e a s e d  a t  t h e  same r a t e .  I t  i s  a l s o  w o r th  p o i n t i n g  o u t  t h a t  i f  t h e  lAA 

l e v e l s  i n  th e  r o o t  a r e  l i m i t i n g  g ro w th  th e n  lAA s h o u ld  n o t  be  p r e s e n t  i n  

s a t u r a t i n g  am ounts .

More d e t a i l e d  s t u d i e s  o f  t h e  e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  lAA on 

g row th  o f  r o o t  segm ents  were c a r r i e d  o u t  w i th  g r e a t e r  r e p l i c a t i o n .  The 

a v a i l a b i l i t y  o f  oxygen was a l s o  v a r i e d .  A p ro m o to ry  e f f e c t  o f  lAA on g row th  

was n o t  o b s e rv e d  u n d e r  any c i r c u m s t a n c e s .  On t h e  o t h e r  h a n d ,  lAA a t  a  

c o n c e n t r a t i o n  o f  10 mol m and  i n  t h e  p r e s e n c e  o f  oxygen

i n h i b i t e d  r o o t  e l o n g a t i o n .  To a s s e s s  t h e  r e l e v a n c e  o f  t h i s  work w i th  r e s p e c t
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t o  t h e  r ô l e  o f  endogenous lAA, i t  was im p o r t a n t  t o  compare t h e  amounts o f  lAA 

t a k e n  up from  d i f f e r e n t  e x t e r n a l  c o n c e n t r a t i o n s  w i th  endogenous q u a n t i t i e s .

D ata  on u p ta k e  o f  IAA-2-^^C i n d i c a t e d  t h a t  w i th  an e x t e r n a l  c o n c e n t r a t i o n  o f  

10 5 mol m ^ lAA ( i . e .  i n h i b i t o r y  t o  g r o w th ) ,  t h e  amount o f  exogenous lAA 

p r e s e n t  i n  t h e  t i s s u e  a f t e r  Ih  i n c u b a t i o n  was a p p ro x im a te ly  38 ug p e r  kg 

f r e s h  w e ig h t  o f  t i s s u e .  T h i s  v a lu e  was o f  t h e  same o r d e r  o f  m ag n i tu d e  a s  

p u b l i s h e d  m easurem ents  o f  endogenous l e v e l s  i n  s i m i l a r  p o r t i o n s  o f  Zea mays 

r o o t ;  29 ug kg  ̂ f o r  t h e  v a r i e t y  G ia n t  W hite H o r s e to o th  ( B r id g e s  e ^  a ^ . , 1973);  

76 yg kg f o r  t h e  v a r i e t y  K elvedon 33 ( R i v i e r  and P i l e t ,  1 9 74 ) .  Thus i t  i s  

p o s s i b l e  t h a t  endogenous lAA may h a v e  an i n h i b i t o r y  e f f e c t  on g row th .

A c om par ison  o f  t h e  lAA c o n c e n t r a t i o n s  r e p o r t e d  t o  p rom ote  r o o t  g row th  

( e . g .  10 ^ mol m ^ , Edwards and S c o t t ,  1977; 10 ^ and  10 ^ mol m

Mulkey e t  a l . ,  1981; 10 ^ mol m ^ P i l e t  and E l l i o t t ,  1981) w i th  t h e  r e s u l t s

p r e s e n t e d  i n  t h i s  t h e s i s  i n d i c a t e d  t h a t  t h e  amount o f  lAA t a k e n  up from  grow th  

s t i m u l a t i n g  c o n c e n t r a t i o n s  was e q u i v a l e n t  t o  o n ly  a sm a l l  f r a c t i o n  o f  t h e  

endogenous c o n te n t .  The amount o f  exogenous lAA p r e s e n t  i n  segm en ts  

i n c u b a t e d  i n  5 .9  x 10 ^ mol m ^ ia a  f o r  Ih  was a p p ro x im a te ly  0 .6 4  yg p e r  kg 

f r e s h  w e ig h t  o f  t i s s u e ;  i . e .  c i r c a  1% o f  endogenous l e v e l s .

A c c o r d in g ly ,  IAA u p ta k e  s h o u ld  be v iew ed  as  a c r i t i c a l  f a c t o r  i n  a s s e s s i n g  

t h e  s i g n i f i c a n c e  o f  e x p e r im e n t s  on t h e  e f f e c t s  o f  low c o n c e n t r a t i o n s  o f  IAA on 

r o o t  g ro w th .  N e v e r t h e l e s s ,  i t  i s  p o s s i b l e  t h a t  IAA may be  l o c a t e d  i n  more 

t h a n  one d i s c r e t e  com partm ent and t h a t  m easurem ents  o f  t h e  t o t a l  IAA c o n te n t  

o f  t h e  t i s s u e  may mask t h e  l e v e l s  o f  " e f f e c t i v e "  IAA. I t  m ust a l s o  be  n o te d  

t h a t  p u b l i s h e d  m easu rem en ts  o f  endogenous IAA were c a r r i e d  o u t  u s in g  d i f f e r e n t  

v a r i e t i e s  o f  Zea mays from  t h a t  em ployed i n  t h e  p r e s e n t  s tu d y .  P i l e t  and 

E l l i o t t  (1981) s u g g e s te d  t h a t  t h e r e  may be  s u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  

endogenous IAA l e v e l s  o f  d i f f e r e n t  c u l t i v a r s .

S i g n i f i c a n t  i n t e r a c t i o n  was found  be tw een  oxygen a v a i l a b i l i t y  and th e  

e f f e c t  o f  IAA. IAA d id  n o t  i n h i b i t  t h e  grow th o f  segm en ts  i n c u b a t e d  u n d e r  

n i t r o g e n .  The e f f e c t  o f  oxygen was t o  i n c r e a s e  t h e  g row th  o f  r o o t s  i n c u b a te d  

i n  c o n t r o l  s o l u t i o n  and  i n  low c o n c e n t r a t i o n s  o f  IAA. IAA a t  a c o n c e n t r a t i o n
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o f  10~5 mol m*"5 t h e n  re d u c e d  th e  grow th  r a t e  to  t h a t  o b s e rv e d  f o r  segm en ts  

i n c u b a t e d  u n d e r  n i t r o g e n  a t  any  c o n c e n t r a t i o n  o f  IAA,

T h is  dependence  o f  t h e  i n h i b i t o r y  e f f e c t  o f  exogenous IAA on t h e  p r e s e n c e

o f  s u p p le m e n ta ry  oxygen may i n d i c a t e  t h a t  r o o t  segm ents  i n c u b a t e d  i n  aqueous

s o l u t i o n s  r a p i d l y  become d e p l e t e d  o f  oxygen , and t h a t  t h e  i n t a c t  r o o t s  p o s s e s s

an o x y g e n -d e p e n d e n t  component o f  g row th  w hich may be  i n h i b i t e d  by  IAA.

Segm ents i n c u b a t e d  i n  s o l u t i o n s  n o t  b u b b le d  w i th  gas showed a  s m a l l  grow th

-3  -3i n h i b i t i o n  in  t h e  p r e s e n c e  o f  10 mol m IAA. On t h e  o t h e r  h a n d ,  t h e  l e v e l s  

o f  oxygen s u p p l i e d  to  r o o t s  b u b b le d  w i th  p u re  oxygen w i l l  be  s u b s t a n t i a l l y  

h i g h e r  t h a n  t h o s e  e n c o u n te re d  v iv o  and th e  r e s u l t i n g  h ig h  g row th  r a t e  may 

be a r t i f a c t u a l .

To sum m arise ,  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  i n d i c a t e d  t h a t  

exogenous IAA i s  o n ly  a b l e  to  i n h i b i t  Zea r o o t  g row th . S e v e ra l  p u b l i c a t i o n s  

r e p o r t i n g  a g row th  p ro m o to ry  e f f e c t  u s e d  lo n g  i n c u b a t i o n  t im e s  (2h o r  more) 

d u r in g  w hich a g e in g  o f  t h e  t i s s u e ,  s h o r t a g e  o f  e s s e n t i a l  s u b s t a n c e s  and 

p o s s i b l y  a b u i l d - u p  o f  w ound-p roduced  i n h i b i t o r y  compounds may have  a f f e c t e d  

t h e  r e s p o n s e  t o  IAA. In  a d d i t i o n ,  c a l c u l a t i o n s  o f  u p ta k e  o f  ^"^C-IAA from  

v a r i o u s  c o n c e n t r a t i o n s  i n d i c a t e d  t h a t  t h e  amount o f  exogenous IAA t a k e n  up 

from  t h e  low c o n c e n t r a t i o n s  r e p o r t e d  t o  p rom ote  g ro w th ,  may be o n ly  a s m a l l  

f r a c t i o n  o f  t h e  endogenous c o n t e n t .

On t h e  o t h e r  han d , i t  was s u g g e s t e d  by Chadwick and Burg (1 9 6 7 ) ,  t h a t  

t h e  i n h i b i t i o n  o f  r o o t  g ro w th ,  in d u c e d  by  exogenous IAA may be  a r e s u l t  o f  

IA A -s t im u la te d  e th y l e n e  b i o s y n t h e s i s .  T h is  was i n v e s t i g a t e d  by Mulkey e t  a l .

(1 9 8 1 ) .  Roots w ere  p r e t r e a t e d  w i th  t h e  e th y l e n e  b i o s y n t h e s i s  i n h i b i t o r  

a m in o e th o x y v in y lg ly c in e  b e f o r e  b e in g  p l a c e d  i n  s o l u t i o n s  o f  IAA. T h is  

t r e a t m e n t  i n c r e a s e d  g row th  o f  c o n t r o l s  and p e r m i t t e d  g row th  enhancem ent by  

10 5 and 10 ^  mol m ^ IAA; h i g h e r  c o n c e n t r a t i o n s  rem a in e d  i n h i b i t o r y .

The s i t e  a t  w hich IAA i s  s u p p l i e d  to  r o o t  segm ents  m igh t  a l s o  a f f e c t  

r e s u l t s .  Changes i n  t h e  m ethod o f  a p p ly in g  IAA-2-^^C r e s u l t e d  i n  v a r i a t i o n  

i n  t h e  r a t e  and p a t t e r n  o f  i t s  m e ta b o l i s m .  F i r n  (1982) a l s o  n o t i c e d  t h a t  

t h e  s i t e  o f  IAA u p ta k e  i n t o  s u n f lo w e r  h y p o c o ty l s  s u b s t a n t i a l l y  a f f e c t e d  th e
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grow th  r e s p o n s e .

Evans e t  a l .  (1980) r e p o r t e d  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  IAA on 

r o o t  g row th  was accom panied  by  an i n c r e a s e  i n  t h e  pH o f  t h e  medium. T h is  

was n o t  fou n d  i n  t h e  p r e s e n t  s tu d y .  A pH i n c r e a s e  o c c u r r e d  i n  a l l  s o l u t i o n s  

c o n t a i n i n g  r o o t  s e g m e n ts ,  i r r e s p e c t i v e  o f  t h e  p r e s e n c e  o r  c o n c e n t r a t i o n  o f  

IAA. I t  i s  p o s s i b l e  t h a t  t h e  d i s c r e p a n c y  i s  a  r e s u l t  o f  s m a l l  d i f f e r e n c e s  

i n  e x p e r im e n ta l  p r o c e d u r e ;  t h e  above a u th o r s  u s e d  b u f f e r e d  i n c u b a t i n g  

s o l u t i o n ,  and a  l a r g e r  number o f  s e c t i o n s  f o r  t h e  volume o f  medium.

D. F u tu re  E x p e r im en ts

The p r e s e n t  s tu d y  h a s  e m p h a s ise d  t h e  n e e d  t o  i n v e s t i g a t e  t h e  w hole  

s p e c t ru m  o f  IAA m e t a b o l i t e s  p ro d u c e d  w i t h i n  a  s i n g l e  s p e c i e s .  C o n c lu s iv e  

i d e n t i f i c a t i o n  o f  t h e s e  p r o d u c t s  i s  now r e q u i r e d *  A com parison  o f  mass 

s p e c t r a  o f  m e t a b o l i t e s  w i t h  t h o s e  o f  p u r e  compounds i s  l i k e l y  t o  p ro v e  t h e  

m ost s u i t a b l e  m ethod o f  d e f i n i t i v e  c h a r a c t e r i s a t i o n .  The f o l lo w in g  compounds 

may p ro v e  t o  be  u s e f u l  s t a n d a r d s ,  i n  a d d i t i o n  t o  t h o s e  a l r e a d y  s y n t h e s i s e d :

3 - h y d r o x y o x in d o le - 3 - a c e t i c  a c i d ,  5 - h y d r o x y o x i n d o l e - 3 - a c e t i c  a c i d ,  3 ,5 -  

d i h y d r o x y o x i n d o l e - 3 - a c e t i c  a c id ^ a n d  c o n ju g a t e s  o f  IAA w i th  myo-i n o s i t o l  and 

g lu c o s e .

The se q u en c e  i n  which m e t a b o l i t e s  a r e  p ro d u c e d  a l s o  r e q u i r e s  i n v e s t i g a t i o n ,  

T h is  i s  l i k e l y  t o  p ro v e  e a s i e r  i n  t h e  c o l e o p t i l e  where t h e  m e t a b o l i c  pa thw ay  

a p p e a rs  t o  be  l e s s  com plex t h a n  i n  t h e  r o o t .  R a d i o a c t i v e l y - l a b e l l e d  IAA

m e t a b o l i t e s  c o u ld  b e  s u p p l i e d  t o  t h e  p l a n t  t i s s u e  and t h e  p r o d u c t s  i s o l a t e d  

and  i d e n t i f i e d .

The o v e r a l l  aim o f  a  s tu d y  on IAA m e ta b o l ism  s h o u ld  b e  t o  o b t a i n  

i n f o r m a t io n  l e a d i n g  t o  an u n d e r s t a n d i n g  o f  t h e  r ô l e  o f  IAA i n  t h e  i n t a c t  

p l a n t .  The s i t e  a t  w hich  IAA was s u p p l i e d  t o  p l a n t  t i s s u e  was found t o  

have  a  s u b s t a n t i a l  e f f e c t  on t h e  m e ta b o l ism  p a t t e r n  i n  r o o t s .  I t  i s  

t h e r e f o r e  s u g g e s t e d  t h a t  i n  f u t u r e  e x p e r im e n t s ,  t h e  m e ta b o l is m  o f  IAA 

s u p p l i e d  t o  t h e  i n t a c t  p l a n t  by  m eans, and i n  am ounts , w hich  mimic t h e  

endogenous s o u rc e  s h o u ld  be  i n v e s t i g a t e d .  A p p l i c a t i o n  t o  t h e  endosperm
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m igh t s e r v e  as a  s u i t a b l e  s i t e  f o r  r o o t  s t u d i e s ,  w h i l e  IAA. c o u ld  b e  s u p p l i e d  

t o  t h e  c o l e o p t i l e  t i p s  from  m i c r o p i p e t t e s .  E x t r a c t i o n s  s h o u ld  a l s o  be 

c a r r i e d  o u t  t o  d e te rm in e  w h e th e r  t h e  exogenous IAA m e t a b o l i t e s  a r e  n a t u r a l l y  

p r e s e n t  w i t h i n  t h e  p l a n t .  P o s s i b l e  d i u r n a l  v a r i a t i o n s  i n  t h e  r a t e  a n d /o r  

p a t h  o f  IAA m e ta b o l is m  s h o u ld  be  c o n s id e r e d  ( se e  S an d b e rg  e t  a l . , 1982).

Once t h e  pa thw ay  o f  IAA m e ta b o l is m  h a s  b e e n  e s t a b l i s h e d  i t  s h o u ld  b e  

p o s s i b l e  t o  i d e n t i f y  t h e  enzymes c a t a l y s i n g  t h e s e  r e a c t i o n s .  P r o t e i n s  

c a t a l y s i n g  t h e  e s t é r i f i c a t i o n  o f  IAA w i th  g lu c o s e  and myo-i n o s i t o l  have  

a l r e a d y  b e e n  i s o l a t e d  (M icha lczuk  and B a n d u r s k i ,  1980). Enzymes in v o lv e d  

i n  t h e  o x i d a t i o n  o f  IAA t o  compounds such  as o x i n d o l e - 3 - a c e t i c  a c i d  have  n o t  

y e t  b e e n  s t u d i e d .  The r ô l e  o f  " IA A -o x id a s e s"  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

I t  would  a p p e a r  u n l i k e l y  t h a t  t h i s  ty p e  o f  enzyme i s  n o r m a l ly  r e s p o n s i b l e  

f o r  t h e  i n  v iv o  o x i d a t i o n  o f  IAA i n  Zea mays s e e d l i n g s .  However, f u r t h e r  

s tu d y  o f  IAA m e ta b o l is m  i n  o t h e r  s p e c i e s  m igh t  p r o v id e  e v id e n c e  f o r  an lAA- 

o x i d a s e - c a t a l y s e d  d e c a r b o x y l a t i o n  r e a c t i o n .  An i n v e s t i g a t i o n  o f  t h e  enzymes 

in v o lv e d  i n  IAA m e ta b o l ism  m ig h t  r e v e a l  c o r r e l a t i o n s  b e tw e en  t h e i r  a c t i v i t y  

and endogenous l e v e l s  o f  IAA and t h u s  p r o v id e  i n f o r m a t io n  as  t o  how endogenous 

q u a n t i t i e s  o f  IAA a re  c o n t r o l l e d .  The s u b c e l l u l a r  l o c a t i o n  o f  IAA m e ta b o l is m  

and  t h e  p r o d u c t s  s h o u ld  a l s o  be  exam ined . T h is  m ig h t  b e  a c h ie v e d  b y  th e  

u se  o f  a u to r a d io g r a p h y  and c e l l u l a r  f r a c t i o n a t i o n  t e c h n i q u e s .  In  o r d e r  t o  

u n d e r s t a n d  how t h e  a c t i v i t y  o f  IAA i s  c o n t r o l l e d ,  t h e  p h y s i o l o g i c a l  a c t i v i t i e s  

of IAA metabolites s h o u ld  be  s t u d i e d .  H a n g a r te r  e t  a l .  (1980) and Feung 

e t  a l .  (1977) have  i n v e s t i g a t e d  t h e  p h y s i o l o g i c a l  a c t i v i t y  o f  s e v e r a l  amino 

a c i d  c o n ju g a t e s .  3 -M e th y le n e o x in d o le  h a s  a l s o  been  s t u d i e d  e x t e n s i v e l y  i n  

this c o n te x t  ( e . g .  T u l i  and Moyed, 1969). The a c t i v i t y  o f  compounds such  as 

o x i n d o l e - 3 - a c e t i c ,  h o w e v e r ,  h a s  n o t  b e e n  t e s t e d .  E x p e r im en ts  u s in g  e s t e r s  

o f  IAA w i th  myo-i n o s i t o l  and g lu c o s e  would  b e  c o m p l ic a te d  b y  th e  e a s e  w i th  

w hich t h e s e  compounds a r e  h y d r o ly s e d .

B a n d u rsk i  and c o -w o rk e rs  ( e . g .  Cohen and  B a n d u r s k i ,  1978) have  s u g g e s t e d  

t h a t  IAA may be o x i d i s e d  as a  r e s u l t  o f  i t s  p r o d u c in g  a  p h y s i o l o g i c a l  

r e s p o n s e .  T h is  h y p o t h e s i s  m ig h t  b e  t e s t e d  by ex am in in g  p o s s i b l e  c o r r e l a t i o n s
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between th e r a te  o f  lAA o x id a tio n  and t i s s u e  s e n s i t i v i t y .

E x p e r im e n ts  on t h e  e f f e c t  o f  lAA on r o o t  e lo n g a t i o n  h av e  h i g h l i g h t e d  

s e v e r a l  p o i n t s  w hich  s h o u ld  be  b o rn e  i n  mind i n  f u t u r e  e x p e r im e n t s :  I t

i s  e s s e n t i a l  t h a t  t h e  q u a n t i t y  o f  exogenous lAA e n t e r i n g  t h e  r o o t  i s  o f  t h e  

same o r d e r  o f  m agn itude  as t h e  endogenous c o n t e n t .  The l e v e l  o f  lAA i n  

t h e  t i s s u e  and Zea mays v a r i e t y  u s e d  s h o u ld  t h e r e f o r e  be  m easu red  and  compared 

w i t h  t h e  u p ta k e  o f  lAA d u r in g  g row th  e x p e r i m e n t s . The im p o r ta n c e  o f  

s u b c e l i u l a r  c o m p a r tm e n ta t io n  s h o u ld  a l s o  b e  i n v e s t i g a t e d .

lAA s h o u ld  be  a p p l i e d  t o  t h e  r o o t  i n  a  manner w hich  m ost c l o s e l y  mimics 

t h e  n a t u r a l  s o u rc e  o f  t h e  conpound. D o n a t io n  t o  t h e  endosperm  o r  t o  a  p o r t i o n  

o f  s t e l e  p r o t r u d i n g  from  t h e  b a s a l  end  o f  segm ents  m ig h t  be  s u i t a b l e .

The m e t a b o l i c  f a t e  o f  lAA s h o u ld  be  c o r r e l a t e d  w i th  grow th e f f e c t s  and 

th e  b i o a c t i v i t y  o f  m e t a b o l i t e s  c o n s id e r e d .  The r a t e  o f  lAA m e ta b o l ism  would 

be  e x p e c t e d  t o  i n f l u e n c e  c h o ic e  o f  t h e  d u r a t i o n  o f  e x p e r im e n t s .

The u s e  o f  b u f f e r s  i s  t o  b e  d i s c o u r a g e d ,  as t h e s e  may a f f e c t  t h e  grow th  

i n  t h e i r  own r i g h t  ( e . g .  Edwards and  S c o t t ,  1976). N e v e r th e l e s s  t h e  pH o f  

s o l u t i o n s  may b e  i n p o r t a n t  i n  d e te r m in in g  u p ta k e  o f  lAA ( s e e  Edwards and 

G o ld sm ith ,  1980). The l e v e l s  o f  oxygen a v a i l a b l e  t o  t h e  t i s s u e  p r e s e n t s  

a n o th e r  v a r i a b l e  t o  be  i n v e s t i g a t e d .  The e f f e c t  o f  oxygen on l A A - c o n t r o l l e d  

g row th  n e e d s  f u r t h e r  s tu d y .

F i n a l l y  t h e  r ô l e  o f  e t h y l e n e  i n  t h e  r e s p o n s e  t o  lAA r e q u i r e s  c l a r i f i c a t i o n .  

T h is  w ould  in v o lv e  t h e  u se  o f  i n h i b i t o r s  o f  i t s  b i o s y n t h e s i s  and mode o f  

a c t i o n ,  o r  rem oval o f  e t h y l e n e  ( e . g .  by  m e r c u r i c  p e r c h l o r a t e ) .  The p r o d u c t i o n  

o f  e th y l e n e  i n  t h e  p r e s e n c e  and  ab sen c e  o f  lAA s h o u ld  be  s t u d i e d ,  as  s h o u ld  

th e  r e s p o n s e  t o  exogenous e t h y l e n e ,
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The r e s u lt s  p resen ted  in  t h is  th e s is  must be viewed in  the con text o f

t h e  r ô l e  o f  endogenous lAA i n  t h e  c o r r e l a t i v e  c o n t r o l  o f  grow th  and

d i f f e r e n t i a t i o n  i n  Zea mays s e e d l i n g s .  E a r ly  work ( e . g .  W ent, 1928) p r o v id e d  

e v id e n c e  t h a t  a u x in  a c t e d  as a  c h e m ic a l  m e sse n g e r  w i t h i n  t h e  p l a n t .  

C o n f i rm a t io n  o f  t h i s  t h e o r y  r e q u i r e s  u n e q u iv o c a l  p r o o f  t h a t  lAA i s  s y n t h e s i s e d  

a t  a  d i s c r e t e  s i t e ,  from  w here i t  i s  t r a n s p o r t e d  t o  s p e c i f i c  s i t e ( s )  o f  

a c t i o n .  An u n d e r s t a n d in g  o f  t h e  r ô l e  o f  p l a n t  grow th s u b s ta n c e s  i s  m ost 

l i k e l y  t o  b e  a c h ie v e d  b y  t h e  d e t a i l e d  s tu d y  o f  a  r e l a t i v e l y  s im p le  p l a n t  

sy s te m . Young Zea mays s e e d l i n g s  r e p r e s e n t  a  compact e x p e r i m e n t a l  s y s te m , 

e x h i b i t i n g  m ost o f  t h e  c o r r e l a t i v e  f e a t u r e s  o f  v e g e t a t i v e  p l a n t  grow th  and 

have  been  u s e d  e x t e n s i v e l y  f o r  r e s e a r c h  on t h e  r ô l e  o f  lAA, I t  i s  now 

beyond  d i s p u t e  t h a t  endogenous lAA i s  p r e s e n t  i n  e x t r a c t s  o f  r o o t s , endosperm , 

m e s o c o ty ls  and c o l e o p t i l e s  o f  d a rk -g ro w n  Zea mays s e e d l i n g s . F u r th e rm o re ,

th e  zone o f  c e l l  e x p a n s io n  i n  t h e  c o l e o p t i l e  i s  a t  l e a s t  o n e s i t e  o f  a c t i o n .

L ev e ls  o f  exogenous lAA com parab le  w i th  t h e  endogenous p o o l  s i z e  i n h i b i t  

r o o t  e l o n g a t i o n .  Exogenous lAA i s  m e t a b o l i s e d  r a p i d l y  b y  c o l e o p t i l e s  and 

r o o t s .  M oreover ,  c o r t i c a l  and  s t e l a r  t i s s u e s  o f  t h e  r o o t  m e t a b o l i s e  lAA 

a t  s u b s t a n t i a l l y  d i f f e r e n t  r a t e s .  The exogenous compound i s  s p e c i f i c a l l y  

t r a n s p o r t e d  i n  a  p o l a r i s e d  f a s h i o n  i n  b o t h  r o o t s  and c o l e o p t i l e s .  R ecen t 

advances  i n  a n a l y t i c a l  t e c h n o lo g y  h a v e  made p o s s i b l e  t h e  c o n c lu s iv e  

i d e n t i f i c a t i o n  o f  m in u te  q u a n t i t i e s  o f  p l a n t  grow th s u b s t a n c e s  i n  complex 

p l a n t  e x t r a c t s .  M ethods a l s o  e x i s t  f o r  d e te r m in in g  t h e  i n t T a c e l l u l a r  

l o c a t i o n  o f  compounds. These t e c h n o l o g i c a l  d e v e lo p m e n ts ,  c o u p le d  w i th  an 

i n c r e a s i n g  u n d e r s t a n d in g  o f  t h e  e f f e c t s , t r a n s p o r t  and m e ta b o l is m  o f  exogenous 

lAA p r o v id e  e n c o u ra g in g  s i g n s  f o r  c l a r i f y i n g  t h e  r ô l e  o f  endogenous lAA i n  

t h e  l i f e  o f  t h e  i n t a c t  p l a n t .
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ADDENDUM I

S u b se q u e n t  t o  t h e  c o m p i l a t i o n  o f  t h i s  t h e s i s  a sample o f  m e t a b o l i t e  peak  10

was p u r i f i e d  from  a m e th a n o l i c  e x t r a c t  o f  r o o t  segm ents  w hich  had been
14 -2  -3in c u b a t e d  i n  aqueous  IA A -2- C (10 mol m ) f o r  2h and d e r i v a t i s e d  u s in g  

d ia z o m e th a n e .  The r e s u l t i n g  m ethy l  e s t e r  c o -c h ro m a to g ra p h e d  on HPLC w i th  

t h e  m ethy l  e s t e r  o f  s t a n d a r d  o x i n d o l e - 3 - a c e t i c  a c i d ,  th u s  g i v in g  f u r t h e r  

e v id e n c e  t h a t  peak  10 r e p r e s e n t s  t h i s  compound.

ADDENDUM I I

R e c e n t l y  a  r e p o r t  h a s  been  p u b l i s h e d  d e s c r i b i n g  HPLC a n a l y s i s  o f  lAA m e t a b o l i t e s  

f ro m  Cucumis s a t i v u s  L . ( P u rv e s  and H o l l e n b e r g ,  1 9 8 2 ) .  H y p o co ty l  segm ents  

were i n c u b a t e d  w i th  ^H-IAA o r  ^^C-IAA f o r  v a ry in g  l e n g t h s  o f  t im e  (f rom  0 ,5  

t o  48h) and t h e  p r o d u c t s  e x t r a c t e d  w i t h  m e th a n o l ,  R e v e r s e - p h a s e  HPLC a n a l y s i s  

o f  m e t a b o l i t e s  r e v e a l e d  an  u n s p e c i f i e d  number o f  p r o d u c t s ,  m ost o f  w hich  

were more p o l a r  t h a n  lAA, Two p r o d u c t s  were i d e n t i f i e d  by c o -c h ro m a to g ra p h y  

a s  lA A - a s p a r t a t e  and lA A g lu ta m a te . The i d e n t i t y  o f  t h e  o t h e r  p r o d u c t s  was 

n o t  i n v e s t i g a t e d .

R e f e r e n c e :  P u r v e s ,  W.K. and H o l l e n b e r g ,  S.M. (1982) M e tab o lism  o f  exogenous

i n d o l e - 3 - a c e t i c  a c i d  t o  i t s  amide c o n ju g a t e s  i n  Cucumis s a t i v u s  L . 

P l a n t  P h y s i o l . , 70, 283-286
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