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ABSTRACT

An a n a l y t i c a l  m ethod has been  d ev e lo p ed  in  o rd e r  t h a t  th e  amount and 

d i s t r i b u t i o n  o f  lAA i n  sh o o t t i s s u e  o f  P h a se o lu s  v u lg a r i s  c o u ld  be  

d e te rm in e d .

A v a r i e t y  o f  e x t r a c t i o n  and p u r i f i c a t i o n  p ro c e d u re s  w ere i n v e s t i g a t e d  

to  d e v is e  a  r e l i a b l e  m ethod f o r  th e  p u r i f i c a t i o n  o f  sh o o t t i s s u e  e x t r a c t s .  

By com bining th o s e  m ethods t h a t  w ere shown to  le a d  to  an o v e r a l l  r e d u c t io n  

in  sam ple c o n ta m in a tio n ,  a  p ro ced u re  was developed  t h a t  was c a p a b le  o f 

y ie ld in g  a  sam ple o f  s u i t a b l e  p u r i t y  f o r  su b sequen t a n a ly s i s  b y  g a s  

ch rom atography  and  m ass s p e c tro m e try . T h is  p ro c e d u re  in v o lv e d  an  i n i t i a l  

m ethano l e x t r a c t i o n  p e r io d  fo llo w e d  by  s o lv e n t  p a r t i t i o n i n g  p i i o r  t o  t h e  

p u r i f i c a t i o n  o f  th e  e x t r a c t  on colum ns o f  B E A E -ce llu lose  and  PVP, a s  w e ll  

a s  t h i n  l a y e r  ch ro m ato g rap h y .

F o r q u a n t i t a t i v e  a n a ly s i s  o f  th e  t o t a l  lAA in  th e s e  p u r i f i e d  sam ples 

an e l e c t r o n - c a p tu r e  GO s y s ta n  and a  GC-MS p ro c e d u re  w ere t e s t e d  on th e  

b a s i s  o f s e n s i t i v i t y  and s p e c i f i c i t y .  The GC-MS system  u s in g  p r e v io u s ly  

t r i m e t h y l s i l y l a t e d  p la n t  sam ples was fo u n d  to  be  more s u i t a b l e .  I n  

a d d i t io n  to  t h i s  a n a l y t i c a l  p ro c e d u re , a  m ethod in v o lv in g  radio-G LC  

was d ev e lo p ed  i n  o rd e r  t o  gauge th e  re c o v e ry  o f r a d io a c t iv e  lAA a t  t h e  

co m p le tio n  o f  th e  p u r i f i c a t i o n  p ro c e d u re .

The m ost e f f i c i e n t  m ethods w ere th e n  com bined in t o  one e x p e r im e n ta l 

p ro c e d u re  and a p p l ie d  t o  th e  a s s a y  o f  lAA in  sh o o t t i s s u e  e x t r a c t s  o f  

P . v u l g a r i s . The r e s u l t s  o f t h i s  a n a ly s i s  in d i c a te d  t h a t  th e  v 

rî o f  lAA was i n  t h e  ran g e  o f  1 .7 -3»  8 |Jig kg  ̂ f r e s h  w e ig h t ,

The d i s t r i b u t i o n  o f  lAA i n  th e  f o l i a r  and stem  t i s s u e  was s u b s e q u e n tly

gauged. I n  th e  f o l i a r  t i s s u e  sam p les , th e  apex was fo u n d  to  c o n ta in

■62 ug
L&vel

th e  g r e a t e s t  v o f lAA (7 -6 2  |ig kg ) w ith  o ld e r  t r i f o l i a t e

le a v e s  h av in g  th e  seco n d  l a r g e s t  (2-20  pg kg  ̂) .  The

lo w est -j f  lAA was found  i n  th e  p r im a ry  l e a f  t i s s u e  (0o4



** 1 \ '“ 3»5 pg kg ) ,  F o r th e  s te n  t i s s u e  e x p e rim e n ts  no d i s t i n c t  g r a d ie n t

was a p p a re n t ,  b u t th e  in t e r n o d a l  r e g io n  betw een  th e  c o ty le d o n s  and th e

p r im a ry  le a v e s  was found  to  have th e  l e a s t  amount o f
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, INTRODUCTION

PLANT HORMONES and AUXINS

The form  and s t r u c t u r e  o f  any h ig h e r  p la n t  i s  dependen t on t h e  grow th  

and developm ent o f  i t s  c e l l s ,  t i s s u e s  and o rg a n s . Many f a c t o r s  a r e  known

to  in f lu e n c e  th e s e  g row th  p ro c e s s e s  i n  th e  p l a n t :  th e s e  in c lu d e  v a r io u s  

en v iro n m en ta l p a ra m e te rs  such  a s  g r a v i t y ,  r a d ia n t  e n e rg y , n u t r i e n t  su p p ly  

and  c o m p e ti to r s .  I t  i s  t h e r e f o r e  b e n e f i c i a l  t o  th e  p la n t  t h a t  v a r io u s  

r e g u la to r y  m echanism s e x i s t  t o  e n a b le  i t  t o  r e a c t  t o  such  f a c t o r s .  One 

b a s ic  m ethod w hereby a  p la n t  can  a l t e r  i t s  grow th  p a t t e r n  may be by 

v i r t u e  o f  th e  a c t io n  o f  endogenous p la n t  horm ones.

The co n cep t o f  horm onal c o n t r o l  o f  g row th  i s  n o t u n iq u e  to  p la n t  

p h y s io lo g y , s in c e  s im i l a r  p ro c e s s e s  a re  th o u g h t to  o ccu r i n  mammals.

The b a s ic  p h ilo so p h y  b e h in d  such  c o n t r o l  m echanism s i s  t h a t  ch em ica l 

s u b s ta n c e s  a r e  p rod u ced  by  d i s c r e t e  a r e a s  o f  th e  o rg an ism , t r a n s p o r t e d  

to  a  s p e c i f i c  g roup  o f c e l l s  o r  t a r g e t  a r e a  w here t h e  a c t io n  o f  th e  

hormone i s  su c h  t h a t  th e  m etabo lism  o f  th e  t a r g e t  a r e a  i s  a l t e r e d  o f te n  

r e s u l t i n g  i n  a  d i f f e r e n t  g row th  p a t t e r n  ( P h i l l i p s ,  1971)*

In  p la n t s  t h e r e  a r e  th o u g h t t o  b e  a t  l e a s t  f i v e  ty p e s  o f  horm ones 

v i z , : th e  a u x in s ,  c y to k in in s ,  g i b b e r e l l i n s , e th y le n e  and v a r io u s

in h i b i t o r y  compounds su ch  as a b s c i s i c  ac id^  ( P h i l l i p s ,  1 9 7 1 ).

The d is c o v e ry  o f  a u x in s  i n  p l a n t s  has b een  a u t h o r i t a t i v e l y  re v ie w e d  

by  Thimann ( l9 7 2 )  and Audus ( l9 7 2 ) .  B r i e f l y ,  th e  e x p e r im e n ta l e v id e n c e  

and  c o n c lu s io n s  w ere a s  fo l lo w s : ( i )  D arwin ( 1 8 8 0 ) d e s c r ib e d  th e

im p o rtan ce  o f  th e  r o l e  o f  th e  apex  i n  th e  p h o to t r o p ic  re sp o n se  o f  

c o l e o p t i l e s ;  ( i i )  Boys en -J  ens en ( 1910 ) in t ro d u c e d  t h e  id e a  o f  a  

c h em ica l su b s ta n c e  p ro d u ced  by  th e  apex  c o n t r o l l i n g  th e  p h o to t ro p ic  

re s p o n s e ; ( i i i )  P a a l  ( l 919) p ro v id e d  f u r t h e r  ev id en ce  o f  a  chem ica l 

su b s ta n c e  t h a t  i s  p ro d u ced  and s e c r e te d  b y  th e  apex  e f f e c t in g  th e  g row th  

o f  th e  s u b - a p ic a l  r e g io n  o f  c o l e o p t i l e s .



T h is  ty p e  o f  g ro w th  s u b s ta n c e  t h a t  c o n t r o l s  th e  g row th  o r  e lo n g a t io n  

o f  p la n t  s tem s came t o  b e  c a l l e d  a u x in . A uxin h as  s u b s e q u e n tly  b een  

shown t o  e x e r t  a  s i g n i f i c a n t  e f f e c t  on o th e r  p la n t  grovrbh p r o c e s s e s ,  

e . g , ro o t  e lo n g a t io n  ( S t r e e t ,  1969) and ro o t  i n i t i a t i o n  (Thim ann, 1972 ), 

I t  i s  s u r p r i s i n g  t h a t  th e  e x a c t n a tu re  o f  a u x in  r e l i e d  f o r  s e v e r a l  

decades on a s e r i e s  o f  s tu d i e s  t h a t  p ro v id e d  c i r c u m s ta n t ia l  e v id e n c e  

t h a t  th e  compound i n  q u e s t io n  was in d o le  -  3 “ a c e t i c  a c id  (IAA) (s e e  

Thimann, 1 9 7 2 ), The a c t u a l  i d e n t i t y  o f  a u x in  was n o t u n e q u iv o c a l ly  

shown u n t i l  Greenwood e t  ( l9 7 2 )  i d e n t i f i e d  IAA by  m ass s p e c t r a l

means i n  Zea c o l e o p t i l e s .

I n  a d d i t io n  t o  IAA a  v a r i e t y  o f  o th e r  compounds o f  a s i m i l i a r  n a tu re  

have b een  i s o l a t e d  from  v a r io u s  p la n t  s o u rc e s ,  th e s e  a r e  sum m arised  i n  

T ab le  1 , The s t r u c t u r e  o f  th e s e  in d o le  a u x in s ,  in c lu d in g  IAA, a r e  

shown in  F ig u re  1 ,

T a b le  1 : In d o le  compounds i s o l a t e d  from  p la n t s

Compound P la n t  so u rc e R e fe re n c e

IAA Zea mays

4 - c h lo r o in d o ly l“ 3 - a c e t  i c
a c id  Pisum  sa tiv u m

M ethyl-4—ch lo ro -IA A  "

M e th y l-4 -c h i o r o in d o ly l  „
-  3-  ac e t  y l -  L- a s p a r t  a t  e

I n d o le - 3 -c a rb o x y l ic  a c id  U n d a ria  p i n n a t i f i d a

M ethyl-IAA

I n d o le - a c e t  am ide (JAM) 

a -m a lo n y l-D -t r y p t  ophan 

I n d o le - 3“ l a c t i c  a c id  

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

C i t r u s  u n sh iu

T r i t  icum v u lg a re

Endom vcopsis
v e m a l i s
Cucumber

Greenwood e t  a l . 
1972

Marumo e t  a l .
1968a
Marumo e t  a l  
1968b "
Hat t o r i  an d  Marumo,
1972
Abe e t  a l , 1972 

T ak ah ask i e t  ,
1975

E l l i o t t ,  1971

G lom bitza  and  
H artm ann, 1966 
R ay le  and  P u rv e s ,
1967



F ig u re  1 ; S t r u c tu r e  o f  in d o ld  a u x in s  p r e s e n t  i n  p l a n t s

A : I n d o le - 3 - a c e t i c  a c id

B

G

D

E

P

G

H

I

4 - c h lo r o - in d o le  a c e t i c  a c id  

M e th y l-4 -c h io ro - in d o le  a c e t i c  a c id  

In d o le -3 “ c a rb o x y l ic  a c id  

In d o le  aee tam ld e  AĈ 'v e> vt Ri u5 

a -m a lo n y l-D -1  r y p t  ophan 

I n d o le - 3- l a c t i c  a c id  

In d o le - 3 - e th a n o l  (T iy p to p h o l)  

M e th y l -4 -c h lo ro - in d o le a c e ty l  a s p a r a te
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A lthough  m ost a u x in  compounds i n  p la n t s  have b een  shown to  hav e  a  

s t r u c t u r e  b a s e d  on th e  in d o le  n u c le u s ;  K h a lifa h  e t  a l»  (1963> I 9 6 3 ) 

have  c la im e d  t o  e x t r a c t  an a u x in  from  C it r u s  f r u i t s  t h a t  does n o t 

p o s s e s s  th e  c h a r a c t e r i s t i c  f l u o r i m e t r i c  p r o p e r t i e s  o f  in d o le s .  In  

c o n t r a s t ,  Ig o s h i  e;t a lo  ( l 9 7 l )  i d e n t i f i e d  IAA and in d o le  a c e t  am ide (IAM) 

a s  two a u x in s  i n  C i t r u s  u n s h iu . w ith  no ev id en ce  f o r  th e  e x is te n c e  o f  

any n o v e l n o n - in d o l ic  a u x in . S im i la r ly ,  T ak ah ash i e t  a l .  (1975) 

d e m o n s tra te d  th e  e x is te n c e  o f  t h r e e  a u x in s  i n  t h i s  s p e c ie s ,  w hich th e y  

i d e n t i f i e d  a s  IAA, th e  m e th y l e s t e r  o f  IAA, and  IAM. Thus th e  q u e s t io n  

o f  th e  e x i s te n c e  o f  a  n o n - in d o l ic  a u x in  i n  C i t r u s  rem a in s  unansw ered .

A no ther ty p e  o f  n o n - in d o le  a u x in  i s  p h e n y la c e t ic  a c i d  (PAA). 

Wightman and  R authan  (1973) d e s c r ib e d  a  b io s y n th e t ic  r o u te  t o  PAA i n  

p l a n t s ,  w h i l s t  Wightman (1977) h a s  d e m o n s tra te d  th e  p re s e n c e  o f  PAA i n  

d ev e lo p in g  le a v e s  o f  to b a c c o  p l a n t s  by  g as-ch ro m a to g rap h y . The

u n e q u iv o c a l I d e n t i f i c a t i o n  o f  t h i s  compound i n  p la n t s  h a s  n o t so  f a r  

b een  r e p o r te d ,  th u s  th e  p o s s i b l e  s ig n i f i c a n c e  o f  PAA a s  an  a u x in  I n  

p l a n t s  i s  o b s c u re .

CONTROL OP PLANT GROWTH BY IAA
l\0(2.rAot\>A-L^

The co n ce p t o f  th e  h o m e n a l-  c o n t r o l  o f  p la n t  g row th  i s  su c h  t h a t  

i f  IAA i s  a  ho im one, th e n  i t  w i l l  b e  s y n th e s is e d  i n  s p e c i f i c  p a r t s  o f  

th e  p la n t  from  y/here i t  w i l l  b e  t r a n s p o r te d  to  t h e  t a r g e t  a r e a s  t o  a l t e r  

t h e  p a t t e r n  o f  c e l l  m e tab o lism . T h is  b a s ic  th e o ry  i n  th e  l i g h t  o f  

su b seq u en t e v id e n c e  c a n , how ever, b e  expanded in t o  a  m ore e l a b o r a te  

scheme to  e x p la in  th e  a c t io n  o f  IAA i n  p l a n t s .  An o u t l in e  o f  t h i s  

scheme i s  shown i n  F ig u re  2 .

The th e o iy  b e h in d  su ch  a  scheme i s  t h a t  ( i )  p r e c u r s o r s  o f  IAA a r e  

form ed from  th e  g e n e ra l  m e tab o lism  o f  c a rb o n , h y d ro g en , n i t r o g e n  and  

oxygen com pounds; ( i i )  th e s e  p r e c u r s o r s  a r e  c o n v e r te d  t o  IAA i t s e l f  

o r  a re  h e ld  a s  *%ound" compounds i n  th e  c e l l s  w here th e y  a r e  th e n  

c o n v e r te d  t o  a  **bound** form  o f  IAA; ( i i i )  c o n v e rs io n  o f  IAA to



F ig u re  2 : R e g u la tio n  o f  p la n t  g row th  by  IAA
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m e ta b o l i te s  o c c u rs  d i r e c t l y  from  th e  f r e e  p o o l o f  IAA, i n d i r e c t l y  from  

th e  'n^ound'Torm o f  IAA v i a  th e  f r e e  p o o l ,  o r  a l t e r n a t i v e l y  by d i r e c t  

con v ers io n , o f  IAA i n  th e  '^Dound'* fo rm ; ( iv )  movement o f  IAA o r  i t s  

m e ta b o l i te s  t o  th e  t a r g e t  a r e a ;  o r  c o n v e r s e ly  th e  c o n v e rs io n  o f  f r e e  

IAA to  a  'Haound" form  may in  i t s e l f  be  t h e  t r a n s p o r t  m echanism ; (v ) 

a c t io n  o f  t h e  IAA o r  m e ta b o l i t e s  o c c u rs  a t  t a r g e t  a r e a s  r e s u l t i n g  i n  an 

a l t e r a t i o n  o f  m e tab o lism  o f  th e  c e l l s .

The e v id e n c e  f o r  th e  v a r io u s  s ta g e s  may b e  b r i e f l y  sum m arised a s  

fo llo w s

(a ) S c h n e id e r  and  Wightman (1974) r e c e n t ly  re v ie w e d  th e  ev id en ce  f o r

s t e p s  (i) an d  (ü ) . They have c o n s id e re d  th e  m ain  p r e c u r s o r  o f  IAA t o  be

t iy p to p h a n  ( T ^ )  w hich a r i s e s  from  th e  s h ik im ic  a c id  pathw ay . A lthough .

a  l a r g e  body o f  e v id e n c e  p o in t s  t o  b e in g  th e  m ain  p r e c u r s o r  o f  IAA,

some c o n t r a d ic to r y  o b s e rv a t io n s  have been  r e p o r te d :  f o r  exam ple, D av ies

e t  a l , ( 1 9 7 5 ) n o te d  th a t  i n  crow n g a l l  t i s s u e  t h e  m ain  p r e c u r s o r  o f  l a b e l l e d  
14IAA was G -in d o le  o r  t  r y p t  am ine; on th e  o th e r  hand  o n ly  c ru d e  i d e n t i f i c ­

a t i o n  p ro c e d u re s  w ere u s e d .

E v id en ce  f o r  c o n v e rs io n  v i a  a  number o f  in te r m e d ia te  compounds 

t o  IAA was p ro v id e d  by  G ibson e ^  a l . ( l9 7 2 )  who u se d  i d e n t i f i c a t i o n  

p ro c e d u re s  b a s e d  on TIG a n a l y s i s .

The m ain  b io s y n th e t i c  r o u te s  t o  IAA have b e e n  sum m arised by  G ibson 

e t  a l . ( 19 7 2 ) and  S c h n e id e r  and  Wightman ( l9 ? 4 ) :  ( a )  The in d o le  n v ru v ic
r£ y

pathw ay -  TEP i s  c o n v e r te d  by  t r a n s a m in a t io n  t o  in d o le  p y ru v ic  a c id  

(iPyA ) w h ich  su b se q u e n tly  i s  d e c a rb o x y la t ed to  in d o le a c  e t  a ld eh y d e  (lA A ld ). 

lA A ld i s  th e n  o x id is e d  to  IAA, (b ) The trv p ta m in e  pathw ay -  i s  

d e c a rb o x y la t ed  t o  t  ry p t am ine w hich  th e n  u n d e rg o es  o x id a t io n  and  

d eam in a tio n  t o  lA A ld. C o n v ers io n  o f  lA A ld t o  IAA th e n  o c c u rs  a s  above.

( c )  The in d o le a c  e t  a ldox im e pathw ay -  T h is  pathw ay  i s  th o u g h t t o  be  

c h a r a c t e r i s t i c  o f  B ra s s ic a c a e  an d  in v o lv e s  c o n v e r s io n  o f  t o  IAA, 

v i a  in d o le a c e t a ldox im e and in d o le  a c e t o n i t r i l e .  (d ) The t r v p to p h o l



pathw ay -  i s  t r a n s a r a in a te d  t o  IPÿA and c o n v e r te d  to  lA A ld a s  f o r  ( a ) ,  

lAAld i s  th e n  a l t e r e d  t o  t r y p to p h o l  w hich  can  th e n  b e  r e c o n v e r te d  t o  

lAA ld and f i n a l l y  IAA, T ry p to p h o l in  t h i s  c a se  p resu m ab ly  a c t s  a s  a  

s to r e  ,'ge form  o f  IAA,

The n a tu r e  o f  th e  p a r t i c u l a r  r o u te  f o r  c o n v e rs io n  o f  TPF t o  IAA i s  

n o t  known. A ll  th e  r o u te s  may be im p o r ta n t ,  b u t s in c e  th e s e  pa th w ay s 

have a r i s e n  from  e x p e r im e n ta l ev id en ce  in  w hich th e  i d e n t i f i c a t i o n  

p ro c e d u re s  o f  IAA an d  in te r m e d ia te s  a re  o f te n  u n s p e c i f i c ,  c a re  i n  t h e i r  

i n t e r p r e t a t i o n  i s  r e q u i r e d ,

(b ) The e x a c t n a tu r e  o f  th e  '^o u n d "  form s o f  IAA i n  p l a n t s  i s  v a r i e d ,  

w ith  th e  a c tu a l  am ounts o f  ’’bound" o r  e s t e r i f i e d  IAA th o u g h t i n  many 

c a s e s  to  be i n  e x c e s s  o f  f r e e  IAA l e v e l s .  P o r exam ple , B an d u rsk i and  

S chu lze  ( 1974 ) fo u n d  t h a t  th e  l e v e l s  o f  e s t e r i f i e d  IAA i n  Zea mays 

s e e d l in g s  w ere a p p ro x im a te ly  ^^Opg p e r  k g , w h i ls t  th e  amount o f  f r e e  

IAA was o n ly  24pg p e r  k g . W ith Alrena se e d lin g s^ h o w e v e r^ th ^ r  d e t e c te d  

l i t t l e  e s t e r i f i e d  IAA, S im i la r ly ,  B an d u rsk i and  S ch u lz e  (1975) 

q u a n t i f ie d  IAA and  i t s  e s t e r s  i n  s e v e r a l  p la n t  s p e c ie s ,  w ith  t h e  

e s t e r i f i e d  IAA c o n c e n t r a t io n s  i n  m ost c a s e s  b e in g  g r e a t e r  th a n  th o s e  

o f  f r e e  IAA,

The n a tu r e  o f  th e s e  e s t e r s  h as  i n  p a r t  b een  e lu c id a t e d  by  Kopcewicz 

e t  a l . ( 1974 ) an d  XJeda an d  B an d u rsk i (1 9 7 4 ), They i d e n t i f i e d  a  s e r i e s  

o f  i n o s i t o l ,  e s t e r s  w hich a r e  form ed from  IAA by  th e  c a t a l y t i c  a c t i o n  

o f  CO enzyme A and ATP. F ig u re  3 shows th e  s t r u c t u r e  o f  th e s e  e s t e r s ,  

B andursk i (1977) h a s  s u g g e s te d  t h a t  th e  p h y s io lo g ic a l  r o l e  o f  th e s e  

e s t e r s  i s  t h r e e  f o l d ;  " F i r s t ,  e s t é r i f i c a t i o n  o f  IAA to  m y o - in o s i to l  

in c re a s e s  by  1000 f o ld  t h e  r a t e  a t  w hich th e  hormone i s  t r a n s p o r t e d  from  

se e d  t o  sh o o t.  S eco n d ly , fo im a tio n  and  h y d r o ly s is  o f  IAA e s t e r s  p la y s  

a  r o l e  in  hoim one h o m e o s ta s is , th u s  g o v ern in g  th e  r a t e  a t  w hich  th e  

s e e d l in g  g row s. T h i r d ly ,  e s t é r i f i c a t i o n  o f  IAA to  m y o - in o s i to l  p r o t e c t s  

th e  IAA from  o x id a t iv e  d e s t r u c t io n .  "



F ig u re  3 : I n o s i t o l  e s t e r s  o f  IAA.

A ; 3 -  0 -  L -  a ra b in o p y ra n o s y l -  2 -  0 -  in d o le  -  3 ~ a c e ty l  -  myo -  i n o s i t o l

B : 5 -  0 -  D -  g a la c to p y ra n o s y l  -  2 -  0 -  in d o le  -  3 -  a c e ty l  -  myo -  i n o s i t o l

C I 2 -  0 -  'in d o le  -  3 -  a c e ty l  -  myo -  i n o s i t o l
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A fu r th e r  s e r ie s  o f  e s t é r s  o f  IAA has been id e n t i f i e d  by Feung e t

a l . ( 1976) as m e ta b o lite s  o f  IAA in  crown g a l l  c a l lu s  t i s s u e .  These

e s t e r s  v/ere found to  be IAA co n ju g a tes  o f  a s p a r t ic  a c id , g lu tam ic a c id ,

a la n in e , g ly c in e  and v a l in e ;  co n ju g a tio n  occurred  as p ep tid e  lin k a g es

betw een th e  carb oxyl group o f  IAA and th e  amino group o f  th e  amino a c id .

Further in form ation  on th e  n a tu re  o f  "bound" IAA has come from

h om on e-b in d in g  experim ents. For exam ple, Bat.t e^ a l , ( l9 ? 6 )  found

r14th a t  th e  b in d in g  o f  L CJ-IAA t o  membrane p rep a ra tio n s  o f  Zea mays 

c o le o p t i le s  occurred  a t two s i t e s ,  th e  f i r s t  s i t e  b e in g  u n s p e c if ic ,  

w h ils t  th e  second  s i t e  was o n ly  a c t iv e  vfith a u x in s . S u bseq u en tly , B att 

and V enis (19?6) dem onstrated th a t  th e  f i r s t  s i t e  was th e  plasm a membrane 

and th e  second s i t e  was a s s o c ia te d  w ith  g o lg i  membranes an d /or endoplasm ic  

reticu lu m . L a t te r ly , Ray ( l 977) has shown th a t  one main b in d in g  s i t e  

fo r  auxins i s  lo c a te d  on th e  endoplasm ic r e ticu lu m , th e  p resen ce o f  t h i s  

s i t e  not b e in g  dependent on ribosom e attachm ent to  th e  endoplasm ic  

reticu lu m ,

(C) The nature o f  th e  m e ta b o lite s  o f  IAA and t h e i r  e f f e c t  on growth i s  

more com plex, Schneider and Wightman ( l  974) examined th e  v a st  amount o f  

ev idence p resen t on th e  m etabolism  o f  IAA and concluded t h a t ,  "the 

p r in c ip le  product o f  o x id a tio n  o f  IAA in  p la n ts  i s  ^ -m eth ylen eoxin dole  

(3 “M0)" and t h i s  "occurs v ia  a s e r ie s  o f  in te n n e d ia te  compounds". The 

r o le  o f  3-MO may th en  be to  a c t a s  th e  prim ary compound r e g u la tin g  th e  

growth p r o c e s s . I t  i s  o f  in t e r e s t  t o  n o te  th a t  o x in d o les  can be formed 

from IAA in  th e  absence o f  enzymes and p resen ce o f  b is u lp h ite  and oxygen  

(Horng end Yang, 1975) hy a f r e e  r a d ic a l  r e a c t io n .

(D) Auxin tra n sp o r t in  p la n ts  i s  co n sid ered  to  tak e p la c e  by two ty p e s  

o f  mechanism (G oldsm ith , 1977) .  The f i r s t  system  i s  thought to  in v o lv e  

ra p id  tra n sp o rt o f  IAA in  s ie v e  tu b e s;  ev id en ce  fo r  t h i s  has come m ainly  

from su pp ly in g  r a d io a c t iv e  au xin  to  mature le a v e s  o f  th e  p la n t  and 

ob serv in g  th e  r a te  and d ir e c t io n  o f  th e  tr a n s p o r t , ( Goldsmith
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1977)* F u r th e r  e v id e n c e  to ' su p p o r t t h i s  v iew  has b een  p ro v id e d  by H a ll  

and Medlow ( l 974) who w ere a b le  t o  i d e n t i f y  IAA i n  phloem  e x u d a te  o f  

R ic in u s  com munis.

The o th e r  mode o f  t r a n s p o r t  i s  a  s p e c i f i c  sy stem  f o r  a u x in s ,  r e q u i r e s  

l i v i n g  c e l l s ,  and  can  be  s to p p e d  by 2 ,3 ,5 - t r i id o b e n z o ic  a c id  ( t h i s  com­

pound i s  th o u g h t t o  b e  a  membrane c o m p e tito r  o f  a u x in ) .  The r o u te  by  

w hich th e  IAA t r a n s p o r t  o c c u rs  i s  c o n s id e re d  t o  b e  th ro u g h  th e  c e l l s  and  

i s  a  f u n c t io n  o f  pH a t  th e  membrane (G o ld sm ith , 1977) #

On th e  b a s i s  o f  many e x p e rim e n ts  u s in g  th e  exogenous compound, IAA 

i s  o b se rv ed  to  move th ro u g h o u t t h e  p l a n t ,  b u t t r a n s p o r t  i n  i t s e l f  may n o t 

b e  n e c e s s a ry  f o r  g ro w th . I t  i s  f e a s i b l e  t h a t  th e  t r a n s p o r t  o f  IAA o r  

i t s  m e ta b o l i te s  may o n ly  o ccu r from  one i n t i a c e l l u l a r  l o c a t io n  t o  a n o th e r .  

I n  a d d i t i o n ,  c a r e  m ust b e  ta k e n  i n  th e  i n t e r p r e t a t i o n  o f  many t r a n s p o r t  

e x p e rim en ts  s in c e  t h e  m ethods in v o lv e d  o f te n  do n o t t a k e  i n t o  a c c o u n t 

th e  l a b i l e  f e a t u r e  o f  t h e  m o le c u le  (Yang and S a le h ,  1973; F u j im o r i ,  1972; 

Horngand Yang, 1975)*

(e )  V a rio u s  t h e o r i e s  a r e  p o s tu la t e d  f o r  t h e  mode o f  a c t i o n  o f  IAA; se e  

re v ie w s  by Audus ( l 9 7 2 ) , Thimann ( l9 7 2 )^  S c h n e id e r an d  Wightman ( l 974) 

and^-^avies—̂49-73")"'*

One p ro p o s a l  i s  t h a t  IAA a c t s  on c e l l  g row th  by  in c r e a s in g  H"*" 

e x t ru s io n  from  c e l l  w a l l s ,  th u s  ch an g in g  th e  pH o f  t h e  w a l l  vdiich 

u nd erg o es  a  r e s u l t a n t  e n la rg em en t D avies (l$73 ). However, V anderhoef 

e t  a l , ( 1 977 ) h a s  p ro v id e d  e v id en ce  t h a t  th e  e x t r u s io n  o f  from  G ly c in e  

max h y p o c o ty ls  i s  u n a f f e c t e d  by  a u x in .

A l t e r n a t iv e ly  i t  h a s  been  su g g e s te d  th a t  IAA i s  m e ta b o l i s e d  to  3 -^0  

w hich  in  t u r n  c a u s e s  t h e  c e l l  e lo n g a t io n  (T u l i  and  Moyed, 1 9 6 9 ). T h is  

th e o iy  h a s  b een  d is p u te d  by Evans and Ray ( l  973) who s y n th e s i s e d  3""^0 

and found  i t  t o  have no e f f e c t  on th e  grow th  o f  p e a  s tem s o r  Avena 

c o l e o p t i l e s .

Some p la n t  hozipones, among them IAA, have a ls o  b een  c o n s id e re d  t o
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a c t  p r im a r i ly  a t  t h e  gene l e v e l  (Key, 19^9) w ith  a  r e s u l t a n t  a l t e r a t i o n  

i n  p r o t e i n  s y n th e s i s .  The t im in g  o f  p la n t  re s p o n s e s  i n  many c a s e s ,  

how ever, a p p e a rs  to  r e f u t e  t h i s  mode o f  a c t io n  a s  b e in g  e x c lu s iv e  

( e , g , P h i l ip s o n  e t  , 1973)»

I n  summary, i t  i s  th u s  c o n c e iv a b le  t h a t  th e  mode o f  a c t io n  may be  

i n  s e v e r a l  w ays, n e i t h e r  o f  w h ich  i s  m u tu a lly  e x c lu s iv e ,  t h e  v a l i d i t y  

o f  th e s e  t h e o i i e s  m ust a w a it  f u r t h e r  e x p e r im e n ta l e v id e n c e ,

DETERlvHKATIOM OF IAA IN PLANTS

A lthough  much in fo rm a tio n  on th e  m e ta b o lic  r o u te s  t o  and from  IAA 

i n  p l a n t s  i s  a v a i l a b l e ,  t h e r e  a r e  s u r p r i s in g ly  few  a c c o u n ts  o f  t h e  

a c c u ra te  m easurem ent o f  f r e e  IAA, T h is  c r u c i a l  f a c t  m ust be  b o rn e  i n  

m ind when re v ie w in g  th e  p h y s io lo g y  o f IAA i n  th e  h ig h e r  p l a n t , s in c e  

many o f  th e  c o n c lu s io n s  t h a t  h av e  been  made a re  b a se d  on th e  a p p l i c a t i o n  

o f  exogenous IAA in  am ounts t h a t  a r e  o f te n  w e l l  i n  e x c e ss  o f  endogenous 

f r e e  IAA p r e s e n t ,  and th e r e f o r e  t h e  o b se rv ed  e f f e c t s  may n o t be  due to  

a  norm al p h y s io lo g ic a l  r e s p o n s e  b u t r a t h e r  may r e f l e c t  a  p h a rm a c o lo g ic a l 

e f f e c t .  I n  a d d i t i o n ,  s e v e r a l  p l a n t  grow th  p ro c e s s e s  a r e  th o u g h t t o  b e  

th e  r e s u l t  o f  changes i n  IAA c o n c e n t r a t io n  o r  d i s t r i b u t i o n ,  ( e , g . 

g eo tro p ism  i n  c o l e o p t i l e s ,  a p i c a l  dom inance, a b s c i s s io n  Thimann ( l9 7 2 ) ) .  

The rem a in d e r o f  t h i s  t h e s i s  t h e r e f o r e  w i l l  be c o n f in e d  t o  th e  d e te rm in a t io n  

o f  f r e e  IAA i n  t h e  p l a n t .

The m ethods by  w hich  IAA h av e  been  i d e n t i f i e d  an d  q u a n t i f i e d  i n  p l a n t s

F i r s t l y ,  th e  rem oval o r  e x t r a c t i o n  o f  th e  

IAA from  p la n t  t i s s u e ;  s e c o n d ly , th e  a p p l ic a t io n  o f  v a r io u s  p u r i f i c a t i o n  

p ro c e d u re s  t o  e n a b le  a c c u r a te  i d e n t i f i c a t i o n ;  an d  l a s t l y ,  th e  a d o p t io n  o f  

an  a n a l y t i c a l  p ro c e d u re  by w hich  IAA can  be  m easu red  (Audus, 1 9 7 2 ).

F o r t h e  e x t r a c t i o n  o f  IAA f r e s h  t i s s u e s  a re  o f te n  u se d  a l th o u g h  

o th e r  te c h n iq u e s  o f  sam ple p r e p a r a t io n  such  as  f r e e z e - d r y in g  and 

d i f f u s io n  from  th e  c u t  s u r f a c e s  o f  p la n t  p a r t s  have b een  u se d  (A udus,
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1972; Greenwood e t  a l . 1972). I n  o rd e r  to  s e l e c t  a  s u i t a b l e  e x t r a c t i o n  

p ro c e d u re , s e v e r a l  c r i t e r i a  a re  c o n s id e re d  to  be im p o r ta n t .  O bv iously  

a l l  th e  f r e e  IAA sh o u ld  be e x t r a c te d  from  th e  t i s s u e ;  i n  a d d i t io n ,  no

s y n th e s i s  o f  IAA s h o u ld  o ccu r d u rin g  th e  e x t r a c t io n  p ro c e d u re . Of th e

w ide ra n g e  o f  m ethods o f e x t r a c t io n  u se d  f o r  e x t r a c t in g  IAA from  p la n t  

t i s s u e  ( s e e  W eaver, 1 9 7 2 ), th e  m ost w id e ly  q u o ted  a r e  th o s e  o f  N its c h  

( 1956 ) who em ployed v a r io u s  o rg a n ic  s o lv e n t s ,  v i z , ; e th y l  a c e t a t e ,  

d i e t h y l - e t  h e r ,  a c e to n e  and m e th an o l; and found th e  l a t t e r  gave th e  

g r e a t e s t  e x t r a c t i o n  y i e l d s .  S im i la r ly ,  H illm an  ( p e r s ,  comm.) fo u n d  

h ig h e s t  y i e ld s  o f  IAA from  Zea c o l e o p t i l e s  w ere o b ta in e d  when m e th an o l 

was u s e d  f o r  e x t r a c t i o n  as  corfpared^% o% everal o th e r  o rg a n ic  s o lv e n t s .

The c o n v e n tio n a l  m ethod i s  t o  im m erse th e  t i s s u e  i n  th e  s o lv e n t  f o r  a

s u i t a b l e  tim e  p e r io d  fo llo w in g  w h ich , w ith  p h o to s y n th e t ic  t i s s u e ,  

d eg ree n in g  o f  th e  m a te r i a l  r e s u l t s ,  p resum ab ly  in d i c a t i n g  p l a s t i d  

breakdow n.

Some s y n th e s i s  o f  IAA from  TEP d u r in g  e th e r  e x t r a c t i o n  o f  E inus 

phloem  and  cam b ia l t i s s u e  was o b se rv ed  by  W hitmore and Z ahner ( l  964). 

S im i la r ly ,  A tsum i ( l 976) c la im e d  th a t  t r a n s a m in a t io n  o f  TEP to

IPyA and i t s  su b se q u en t d e c a rb o x y la tio n  t o  IAA c o u ld  o c c u r  d u rin g  

m e th a n o lic  e x t r a c t i o n  o f  p la n t  t i s s u e ,  th u s  le a d in g  t o  enhanced  y ie ld s  

o f  IAA a f t e r  e x t r a c t i o n .  I t  i s  th e r e f o r e  p o s s ib le  t h a t  IAA s y n th e s is  

m igh t o c c u r  d u r in g  e x t r a c t io n  b u t th e  s i t u a t i o n  o b v io u s ly  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 .

The p o s s i b i l i t y  o f  c o n ta m in a tio n  o f p la n t  e x t r a c t s  can n o t be  

d is c o u n te d  s in c e  b a c t e r i a  have b een  shown to  be c a p a b le  o f  s y n th e s is in g  

a  ccsnpound w ith  s im i la r  ch ro m a to g rap h ic  p r o p e r t i e s  t o  IAA (L ib b e r t  e t  

a l . . 1966 ) ;  i t  t h e r e f o r e  a p p e a rs  t o  b e  d e s i r a b l e  t o  ta k e  p r e c a u t io n s  

t o  ex c lu d e  c o n ta m in a tio n  from  f o r e ig n  m a te r i a l .

F o llo w in g  th e  e x t r a c t i o n  o f IAA, v a r io u s  p u r i f i c a t i o n  p ro c e d u re s  

have been  em ployed (A udus, 1 9 7 2 ), th e  p u rp o se  o f  th e s e  p ro c e d u re S b e in g
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to  red u ce  ( i )  th e  t o t a l  sam ple  volum e from  s e v e r a l  l i t r e s  to  a  c o n v e n ie n t 

s i z e  f o r  a n a l y s i s  o f  s e v e r a l  m ic ro  l i t  r e s  (B an d u rsk i and S c h u lz e , 1 9 7 4 );

( i i )  th e  d eg ree  o f  c o n ta m in a tio n  o f  th e  I M - c o n ta in in g  sam ple and  hence 

p re v e n t o th e r  compounds i n t e r f e r i n g  w ith  th e  a n a ly s i s  (E l ia s s o n  ^  a l , .

1976 ) .  The p ro c e d u re s  by  w h ich  th e s e  have  b een  a c h ie v e d  a re  commonly 

th e  a p p l i c a t io n  o f  an i n i t i a l  s o lv e n t  p a r t i t i o n i n g  s ta g e  w ith  th e  

su b seq u en t u se  o f  c h ro m a to g ra p h ic  m ethods (W eaver, 1972 ).

S o lv en t p a r t i t i o n i n g  u s u a l l y  in v o lv e s  t h e  a c i d i f i c a t i o n  o f  t h e  lAA

- c o n ta in in g  f r a c t i o n  and  m ix in g  t h i s  f r a c t i o n  w i th  an  im is c ib le  s o lv e n t
n o a -  T>’6SDcr/1-Ti5Ô

o f te n  d i e t h y l - e t  h e r ,  w hereupon th e  a c i d i f i e d  XAA d is s o lv e s  i n  t h e  e t h e r  

l a y e r .  The t o t a l  volum e o f  th e  e t h e r  l a y e r  can  th e n  be  c o n v e n ie n t ly  

red u ce d  to  a  minimum, w ith  t h e  re c o v e ry  o f  lAA from  su ch  a  p ro c e s s  

b e in g  in  e x c e ss  o f  90^  ( e . g . Mann and  J a w o rs k i ,  1970 ).

F o llo w in g  th e  u s e  o f  t h i s  p r e l im in a r y  p u r i f i c a t i o n  p ro c e d u re  t h e  

XAA f r a c t i o n  -  i d e a l l y  now i n  a  sm a ll  volum e -  can  be  s u b je c te d  to  a  

v a r i e t y  o f  c h ro m a to g ra p h ic  p ro c e d u re s  t o  p u r i f y  th e  f r a c t i o n  f u r t h e r .

T hese m ethods a r e  common t o  m ost m ic r o - a n a ly t ic a l  te c h n iq u e s  (Vanden 

H euvel and Z a c c h e i, l9 ? 6 )o

V ario u s  colum n c h ro m a to g ra p h ic  m ethods have been  em ployed i n  

p u r i f y in g  I M  e x t r a c t s .  G lenn  e t  a l . ( l9 7 2 )  u sed  p o ly v in y lp y r r o l id o n e ,  

w h i ls t  De Yoe and  Z a e r r  (l976t) u s e d  s i l i c a  g e l  i n  p u r i f y in g  p la n t  hormone 

sam p les . X on-exchange r e s i n s ,  n o ta b ly  D E A E -ce llu lo se , have  a l s o  p ro v e d  

u s e f u l  i n  p u r i f y in g  XAA. e x t r a c t s  ( E l l i o t t  and  Greenwood, 1974; B rid g e s  

e t  a l . , 1973; ^Vhite e t  , 1975; R o b e rtso n  e t  , 1 9 7 6 ). S im i la r ly ,  

Sephadex g e l s  w ere u t i l i s e d  by  S te e n  and E l ia s s o n  ( 1969 ) an d  B an d u rsk i 

and S ch u lze  ( l 9 7 4 ). A h ig h -p e rfo im a n c e  l i q u i d  ch rom atog raphy  system  

(HPLC) h a s  r e c e n t l y  b een  d e s c r ib e d  by C ro z ie r  and Reeve ( l9 7 7 )  w hich  

employs th e  d u a l c a p a b i l i t y  o f  b o th  h ig h  sam ple c a p a c i ty  and  h ig h  r e s o l u t i o n .

Subsequent to  o r  i n s t e a d  o f  column ch rom ato g rap h y , a  TLC s ta g e  h as  

been  ad o p ted  a s  a  p u r i f i c a t i o n  m ethod f o r  p la n t  e x t r a c t s .  Xn th e  TLG o f
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I M  p la n t  s a m p le s , a  la r g e  v e ir ie ty  o f  s o lv e n t sy s te m s  have been  t e s t e d  

( e . g . G ibson e t  a l . . 1972; aad- S ta h l ,  1 9 6 5 ), n e v e r t h e l e s s ,  l i t t l e  

in fo rm a tio n  i s  a v a i la b le  on t h e i r  r e l a t i v e  e f f i c i e n c i e s  in  p u r i f y in g  I M  

from  e x t r a c t s  o f  g r e e n  t i s s u e .

In  r e c e n t  t im e s ,  a  f i n a l  p u r i f i c a t i o n  s t e p  u s in g  GLC i s  o f te n  u s e d , 

b u t as  t h i s  ch ro m a to g rap h ic  system  i s  o f te n  ru n  i n  c o n ju n c t io n  w i th ,  o r  

a s  an  i d e n t i f i c a t i o n  p ro c e d u re , m e n tio n  i s  made o f  t h i s  m ethod l a t e r  on

p  1 6 .

D u rin g  th e s e  p u r i f i c a t i o n  p ro c e d u re s  i t  i s  i n e v i t a b l e  t h a t  some 

I M  w i l l  b e  l o s t ,  th u s  m aking th e  a c c u ra c y  o f  m easurem ent im p o s s ib le ,  

u n le s s  some m ethod i s  u se d  t o  ta k e  acco u n t o f  th e s e  l o s s e s .  One such  

m ethod i s  t o  add an a l iq u o t  o f  a  r a d io a c t iv e  i s o to p e  o f  I M  a t  th e  o n se t 

o f  th e s e  p ro c e d u re s  so t h a t  an  assessm en t o f  th e  lo s s e s  in v o lv e d  in  

th e  p u r i f i c a t i o n  o f th e  sam ple can  be  made a t  th e  c o m p le tio n  o f  th e  

p ro c e d u re  (iv^ann and J a w o r s k i , 1970).

Once a  s u i t a b l y  pu re  I M  f r a c t i o n  i s  o b ta in e d ,  an  a n a l y t i c a l  m ethod 

i s  a p p l ie d  i n  o rd e r  to  m easure th e  " le v e l s "  o f  I M  p r e s e n t .  I n  ch o o s in g  

any a n a l y t i c a l  sy stem , s e v e r a l  g e n e ra l  c o n s id e r a t io n s  m ust be  b o rn e  i n  

m in d :-

( i )  s e n s i t i v i t y  and d e te c t io n  l i m i t  o f  th e  m ethod  

( i i )  p r e c i s i o n  o r  a cc u racy  o f  th e  m ethod

( i i i )  r e s o l u t i o n  o r  s p e c i f i c i t y  a ch iev ed  

( iv )  e f f e c t  o f  im p u r i t i e s  on th e  system
(Ewing, 1975)

D uring  th e  1950’ s and 1960’ s th e  g r e a t e s t  p r o p o r t io n  o f  m easurem ents 

o f  I M  i n  p l a n t s  r e l i e d  on th e  u se  o f a  b io a s s a y  p ro c e d u re  (Thim ann, 1972) 

These sy s tem s  r e l y  on th e  u s e  o f  v a r io u s  p la n t  p a r t s  t h a t  r e a c t  i n  a  

p a r t i c u l a r  g row th  mode to  I M ,  S e v e ra l m ain  o b je c t io n s  can  b e  l i s t e d  

a g a in s t  th e  u s e  o f  b io a s s a y  sy stem s t o  m easure  I M ,  p a r t i c u l a r l y  (a )  

a u x in  b io a s s a y  system s r e a c t  to  o th e r  g row th  horm ones a s  w e l l  a s  I M
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(Auâxxs, 1 972 ) ;  (b )  even  i f  lAA i s  p r e s e n t  i n  th e  sam p le , th e  r e s u l t a n t

grow th  e f f e c t  may be due to  c o n v e rs io n  of lAA to  a n o th e r  compound t h a t  

h a s  grow th  p ro m o tin g  e f f e c t s ;  ( c )  c o n v e rs e ly , XAA may n o t b e  p r e s e n t  

b u t a  p r e c u r s o r ,  e . g . TPP t h a t  i s  p re s e n t  may b e  c o n v e r te d  by  th e  

t i s s u e  to  lAA (Thim ann, 1 972 ); (d ) s u b s ta n c e s ,  e . g . 4 - c h lo r o - in d o le

- 1 - a c e t i c  a c id  may m imic th e  b i o l o g i c a l  e f f e c t s  o f  lAA (Marumo a l . , 

1968^1; ( e )  i n h i b i t o r s  o r  p ro m o to rs  may be p r e s e n t  a l t e r i n g  th e  e f f e c t

o f  lAA. on th e  b io a s s a y .
t

F o llov /ing  th e  dem ise o f  t h e  b io a s s a y ,  th e r e  have  b een  an  in c r e a s in g  

number o f  te c h n iq u e s  em ployed to  m easure  lAA; th e s e  a r e  l i s t e d  i n  

T ab le  2 w ith  t h e i r  d e t e c t io n  l i m i t s .

T able 2 : A n a ly t ic a l methods fo r  lAA

METHOD DETECTION 
LIMIT (g ) REFERENCE

S p e c if ic  dyes 1 2 .5  X 10“ ^ Tirimanna and Geevaratde
1972

High r e s o lu t io n  
chromât ography

Sp e c tr  0 phot o f  lu or^ m etiy

1 X 10" ’’^ 

1 X 10 ^
-71 X 10
-111 X 10

Ewing, 1975 

E lia s so n  e t  , 1976
In fr a -r e d  sp ectrom etry  

Mass spectrom etry
Ewing, 1975 

Ewing, 1975

V arious dyes s p e c i f i c  fo r  in d o le s can be u sed  to  lo c a te  lAA on

chrom atogram s; t h r e e  ty p e s  o f  th e s e  re a g e n ts  i n  p a r t i c u l a r  have b een  

d e s c r ib e d  i n  t h e  l i t e r a t u r e :  S a lk o w s k i 's  r e a g e n t ,  w hich i s  a  s o lu t i o n

o f  F e r r ic  s a l t s  i n  ^ ^ c h lo r ic  a c i d ,  end r e a c t s  w ith  XAA to  g iv e  a  

p u r p l i s h  c o lo u r  (Thim ann, 1 9 7 2 );-  E h r l i c h 's  re a g e n t c o n s i s t i n g  o f  a  

s o lu t io n  p -  d im ethylam inobenzraldehyde i n  HGl and g iv e s  a  p in k  

c o lo u ra t io n  w ith  lAA (Thim ann, 1972) ; and Ehm ann's r e a g e n t  w hich  i s  

a  m o d if ic a t io n  o f  S a lk o v /sk i' s  and E h r l i c h 's  r e a g e n t and  r e a c t s  w ith  lAA 

H o p roduce  a  v i o l e t  c o lo u r a t io n  (Ehmann, 1977). The o b v io u s  d isa d v a n ta g e  

i n  u s in g  th e s e  r e a g e n ts  i s  t h a t  s im i l a r  r e a c t io n s  a r e  o b ta in e d  w ith  m ost
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s u b s t i t u t e d  in d o l e s ,  th u s  i d e n t i f i c a t i o n  m ust a lso  r e ly  on th e  a b i l i t y  

o f  th e  chrom atogram  t o  r e s o lv e  lAA from  o th e r  in d o le s .

Two common m ethods o f  h ig h  r e s o lu t io n  ch rom atog raphy  have b e e n  u se d  

i n  a n a ly s in g  lAA sa m p le s , th e s e  a re  GLC and HPLC.

P r i o r  t o  GLC a n a l y s i s ,  lAA i s  n o rm a lly  c o n v e r te d  t o  a  s u i t a b l y  

s t a b l e  d e r iv a t iv e  and  v a r io u s  ty p e s  o f  d e r iv a t iv e s  a r e  a v a i l a b l e  (D rozd , 

1975 ) .  The m e th y l e s t e r  o f XAA h a s  been  u se d  by B ayer ( 1969 ) i n  i t s  

a n a ly s i s  i n  N ic o t ia n a .  ̂ S im i la r ly ,  Wightman ( l9 7 7 )  h a s  d e s c r ib e d  th e  

u se  o f  GLC, u s in g  m e th y l e s t e r s ,  i n  a n a ly s in g  in d o le  a c i d s ,  among them  

lAA i n  v a r io u s  p l a n t  t i s s u e s .  A d is a d v a n ta g e  i n  u s in g  t h i s  ty p e  o f  

e s t e r  i s  t h a t  i t s  u s e  i s  g o v ern ed  by  th e  f a c t  t h a t  i t  i s  s e n s i t i v e  t o  

a  f l a m e - io n i s a t io n  d e t e c to r  (FID) b u t  does n o t show e l e c t r o n - c a p tu r e  

p r o p e r t i e s .  Thus t h e  l e v e l  o f  m e th y la te d  lAA t h a t  can  b e  d e t e c te d  i s  

commonly o n ly  10 to  100 ng (P o w e ll, 1 9 7 2 ). P ow ell ( l 972) h a s  p o in te d  

o u t h o w e v e r ,th e  p o s s i b i l i t y  o f  u s in g  a lk a l i -F H )  w hich h a s  a  h ig h e r  

s e n s i t i v i t y  l e v e l  th a n  t h a t  o f  FID .

In c r e a s e d  d e t e c t io n  o f  XAA by  GIO h as  been  a t te m p te d  u s in g  an  

e l e c t  r o n - c a p tu r e  d e t e c to r  (EGD) in s t e a d  o f  FID . The ECD d e t e c t o r  h a s
lOlTH"

an in c r e a s e d  s e n s i t i v i t y  when com pared tip FID (P o w e ll, 1 9 7 2 ). Brook 

e t  a l . ( 1 9 6 7 ) d e m o n s tra te d  t h a t  m é th y la t io n  o f  LAA fo llo w e d  by  

N - t r i f l u o r o a c e t y l a t i o n  r e s u l t e d  i n  a  p ro d u c t t h a t  c o u ld  be  m easu red  

i n  th e  ra n g e  o f  c i r c a  100 pg  by  th e  ECD. S im i la r ly ,  S e e le y  and  

P ow ell ( 1 974 ) p re p a re d  th e  h e p ta f lu o r o b u ty r y l  (HFB) d e r iv a t iv e  o f  lAA 

a f t e r  i n i t i a l  m é th y la t io n ,  and  o b se rv ed  an  ECD l i m i t  o f  s e n s i t i v i t y  o f  

100 p g . F u r th e r  a t te m p ts  have been  made by B i t t n e r  and  Even -  Chen 

( 1975 ) t o  in c r e a s e  t h e  s e n s i t i v i t y  o f  lAA to  ECD by p r e p a r in g  th e  

t r i - c h l o r o e t h y l  e s t e r  o f  lAA; how ever, on a p p l i c a t io n  o f  t h i s  

d e r iv a t iv e  t o  p la n t  sa m p le s , th e  d e g re e  o f  c o n ta m in a tio n  was su ch  t h a t  

th e  a c c u ra te  i d e n t i f i c a t i o n  o f  lAA became im p o s s ib le .

A n a ly t ic a l  HPLC systfâus hav e  a l s o  been  u s e d  i n  th e  a n a l y s i s  o f
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lAA sam p les , B au sh er and Cooper ( l9 7 4 )  u se d  a  HPLC system  em ploying a  

U.V,m onitor t o  d e te c t  lAA. i n  acylem sap  o f  C i t r u s  ro o ts to c k s*  S im i la r ly ,  

D u rle y  and K annangara (l97& ) d e te c te d  LAA i n  e x t r a c t s  o f  Sorghum le a v e s  

u s in g  HPLC.

The d isa d v a n ta g e  o f  th e  above ty p e  o f  system  i s  t h e  la c k  o f  s p e c i ­

f i c i t y  o f  th e  ch ro m a to g rap h ic  d e t e c to r  to  lAA, th u s  m aking th e  u n e q u iv o c a l 

i d e n t i f i c a t i o n  o f  lAA im p o s s ib le  (Ew ing, 1975 ).

A n o th er te c h n iq u e  em ployed in  th e  m easurem ent o f  LAA i s  t h a t  o f  U.V. 

s p e c tro p h o t o f lu o r |% e t r y . S tu d ie s  by  B u rn e t t  and Audus ( l9 6 4 ) d e m o n stra te d  

t h a t  XAA c o u ld  b e  i d e n t i f i e d  by  i t s  a c t i v a t i o n  and f lu o re s c e n c e  p r o p e r t i e s  

in  U.V. l i g h t .  By em ploying t h i s  m ethod , th e y  w ere a b le  t o  d em o n stra te  

t h a t  i n d o l e - 3 - a c e t o n i t r i l e  and p o s s ib ly  LAA a re  c o n s t i tu e n t s  o f  "wriiite 

cabbage . Stow e and S c h ilk e  (1964) d e s c r ib e d  a  m ethod in  w hich  GLC 

was u se d  to  p u r i f y  p la n t  e x t r a c t s  p r i o r  t o  f lu o ro m e tr ic  a n a l y s i s .  They 

w ere a b le  t o  d e te c t  LAA i n  th e  10 ng to  1|ig ra n g e . U sing  a  s im i la r  

m ethod P o w e ll ( l9 6 4 )  was a b le  t o  i d e n t i f y  XAA and  IAN i n  m aize and  

cabbage r e s p e c t iv e l y .

The f lu o re s c e n c e  s p e c t r t ^  o f  lAA i s  285nm ( a c t iv a t io n  maxima) and 

3 6 5 nm ( f lu o re s c e n c e  m axim a); u n f o r tu n a t e ly  m ost in d o l ic  ccrapounds have 

s im i la r  s p e c t r a  (B u rn e tt and  A udus, 1 9 64 ). They recommended t h a t  th e  

f lu o re s c e n c e  s p e c t r a  o f  LAA m ust a l s o  b e  ta k e n  w ith  s e v e r a l  o th e r  

p r o p e r t i e s  o f  lAA, su ch  a s  th e  pH e f f e c t  on th e  f lu o re s c e n c e  s p e c t r a  

and th e  ch ro m a to g rap h ic  p r o p e r t i e s ,  i f  a c c u ra te  i d e n t i f i c a t i o n  o f  LAA 

i s  r e q u ir e d .

I n  an a t te m p t to  overcome some o f  th e s e  d i f f i c u l t i e s ,  S to e s s l  and  

V en is  ( l9 7 0 )  d e m o n stra te d  t h a t  i f  LAA w ere c o n v e r te d  t o  in d o lo -  ou-pyrone 

( s p e c i f i c  r e a c t io n )  and th e n  m easu red  by f lu o r im e t r i c  a n a ly s i s ,  th e n  

many o f  th e  above e f f e c t s  w ere n e g a te d .  N e v e r th e le s s ,  a s  th e y  p o in t  

o u t ,  3 -hyd roxy  XAA r e a c te d  i n  a  m anner s im i la r  to  lAA, and th e y  d id  n o t  

t e s t  t h e  r e a c t io n  o f  any o th e r  4  o r  3 s u b s t i t u t e d  LAA compounds*
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A f u r t h e r  d is a d v a n ta g e  o f  t h i s  m ethod i s  t h a t  sam p les  f o r  a n a ly s i s  

m ust be r e l a t i v e l y  p u re ,  t h i s  i n  i t s e l f  p r e s e n ts  c o n s id e ra b le  p rob lem s 

(E l ia s s o n  e ^  a l .  . 1 9 7 6 ). A lso , f lu o re s c e n c e  s p e c tro m e try  m easurem ents 

o f  lAA m ust b e  e x tre m e ly  p r e c i s e  w ith  s e v e r a l  f a c t o r s  a f f e c t i n g  them , 

v i z . ; ( i )  te m p e ra tu re  ( Stowe and S c h ilk e ,  1 9 6 4 ), ( i i )  s o lv e n t

c o n c e n tr a t io n s  (Kawski and  Czako,19?4) and  ( i i i )  pH v a lu e s  ( D r rn e t t  and 

Audus, 1 9 6 4 ) .

I n f r a - r e d  (IR ) sp e c tro s c o p y  i s  a  te c h n iq u e  t h a t  h a s  b een  u s e d  to  

i d e n t i f y  lAA i n  p l a n t s .  P ow ell ( 1 967 ) d em o n stra ted  t h a t  IR s p e c t r a  

c o u ld  be o b ta in e d  frcan m icrogram  q u a n t i t i e s  o f  lAA, IV ârumo e t  a l *

( 1968a) i d e n t i f i e d  4 -c h lo ro - lA A  i n  s e e d s  o f  P i  sum sa tiv u m  on th e  b a s i s  

o f  IR s tu d i e s .  The d is a d v a n ta g e  o f  th e  u se  o f  IR  s p e c t r a  i s ,  how ever, , 

t h a t  u s u a l ly  a  few  m icrogram s o f  t h e  su b s ta n c e  m ust b e  a v a i l a b l e  f o r  

i d e n t i f i c a t i o n  (P o w e ll,  19 7 2 ). These amounts o f lAA r e q u i r e d  a re  

u s u a l ly  to o  h ig h  f o r  r o u t in e  a n a ly s i s  o f  p la n t  t i s s u e ;  n e v e r th e le s s ,  

th e  te c h n iq u e  o f  IR  h a s  p ro v ed  u s e f u l  in  id e n t i f y i n g  n o v e l a u x in s  i n  

p l a n t s  ( e . g . H at t o r i  and Marumo, 1972; and Abe e t  a l . , 1972)*

Mass s p e c tro m e try  (MS) h as  been  in c r e a s in g ly  u se d  i n  th e  l a s t  few  

y e a r s  a s  a  means o f  id e n t i f y i n g  and  q u a n t ify in g  compounds i n  b i o l o g i c a l  

e x t r a c t s  (Games, 1975; P a lm ér and H o lm ste d t, 1975)* By u s e  o f  a  MS 

i t  i s  p o s s ib le  to  c h a r a c t e r i s e  a  compound on th e  b a s i s  o f  i t s  m o le c u la r  

w eigh t and f r a g m e n ta t io n  p a t t e r n  (B o n e l l i  e t  a l .  « 1 9 7 5 ). M oreover, 

d i r e c t  m easurem ent o r  q u a n t i f i c a t i o n  o f  th e  compound i s  p o s s ib le  u s in g  

te c h n iq u e s  su ch  a s  s e l e c t i v e  io n  d e t e c t io n  (S ID ). SID s tu d i e s  a r e  

c a r r i e d  ou t u s in g  a  com bined g as  ch rom atograph-m ass s p e c tro m e te r  (GG-MS), 

w here th e  MS a c t s  a s  a  h ig h ly  s p e c i f i c  d e t e c to r  f o r  th e  GC. B r i e f l y ,  

th e  m ethod i s  t o  tu n e  t h e  MS to  p a r t i c u l a r  fragm en t io n s  t h a t  a r e  h ig h ly  

c h a r a c t e r i s t i c  o f  th e  compound, and th e n  to  " — 4\\v  m o n ito rH h e  GC

e f f lu e n t  by  th e  MS. The p re s e n c e  o f  th é  compound i n  q u e s t io n  i s  

in d ic a te d  by  a  MS re s p o n s e  a t  t h e  GC r e t e n t i o n  tim e  o f  th e  compound.
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I t  i s  obv ious t h a t  a  SID t r a c e  f o r  e a c h  io n  w i l l  have  an  ap p ea ran ce  s i m i l a r  

to  t h a t  o f  a  c o n v e n tio n a l  GC t r a c e  (P alm er and H o lm ste d t, 1975)*

The e le c tro n - im p a c t  m ass sp ec tru m  o f  in d o le  c o n s i s t s  m a in ly  o f  th e  

m o le c u la r  io n  a s  th e  base  p eak  (m ost abundan t fragm en t io n )  w ith  v e ry  

l i t t l e  f r a g m e n ta t io n  o c c u r r in g .  The in t r o d u c t io n  o f  a lk y l  s u b s t i t u e n t s  

i n to  th e  in d o le  system  a t  t h e  3 - p o s i t i o n  r e s u l t s  i n  a ,p  s id e  c h a in  

c le a v a g e  g iv in g  3 -m eth y len e  in d o le  a s  th e  b a se  p eak . I t  i s  th o u g h t t h a t  

t h i s  io n  (m /e 130 ) u n d erg o es  r in g  e x p a n s io n  t o  th e  q u in o lin iu m  c a t io n  

(Jam ieson  and  Hut s in g e r ,  1970; and P o r t e r  and  B a id a s , 1971)* Thus 

th e  m ass sp ec tru m  o f  XAA r e v e a ls  an  io n  o f  m /e 175 us th e  m o le c u la r  io n  

w hich fra g m e n ts  to  g iv e  th e  m /e 13O io n .  F ra g m e n ta tio n  o f  t h i s  io n  

th e n  occurs by  lo s s  o f  HGN r e s u l t i n g  i n  an  io n  o f  m /e IO3 w ith  f u r t h e r  

l o s s  o f  C^H^ y ie ld in g  an io n  o f  m /e 77 (Abe and  Marumo, 1974; and 

S p i t e l l e r ,  1 9 7 l) .  F ig u re  4 shows th e  s t r u c t u r e  o f  th e s e  ions*

The i d e n t i f i c a t i o n  and  q u a n t i f i c a t i o n  o f  lAA i n  p l a n t s  h a s  been  

u n d e r ta k e n  i n  two m ain v/ays. F i r s t l y ,  by  th e  d i r e c t  i n s e r t i o n  o r  

d i r e c t  p ro b e  o f  th e  compound i n t o  th e  MS and th e n  th e  com paring th e  

r e s u l t a n t  sp ec tru m  w ith  t h a t  o f  a u th e n t ic  lAA. T h is  te c h n iq u e  was 

a p p l ie d  by  Greenwood e t  a l  ( l9 7 2 )  to  i d e n t i f y  lAA i n  Zea mays 

G o le o p t i le s .  S im i la r ly ,  Abe ^  a l ,   ̂ ( l  972 ) i d e n t i f i e d  lAA in the a lg a  

U n d aria  and  T ak ah ash i e t  a l . ( l9 7 5 )  i d e n t i f i e d  lAA i n  young f r u i t s  o f  

C i t r u s . S e c o n d ly , th e  p la n t  e x t r a c t  i s  p u r i f i e d  by GO p r i o r  t o  MS 

a n a ly s i s  by  a  GC-MS sy stem . A n a ly s is  o f  th e  com ponents r e s o lv e d  by 

th e  GC ca n  be  made by  e i t h e r  o r  b o th  o f  th e  fo l lo w in g : ( i )  a f u l l

sp ec trum  g iv in g  th e  d e t a i l e d  f r a g m e n ta t io n  p a t t e r n  o f  each  compound i n  

th e  GC e f f lu e n t  (M id d le d itc h  and  D e s id e r io ,  19 7 3 ); ( i i )  SID te c h n iq u e s ;  

t h i s  m ethod a l s o  e n a b le s  d i r e c t  q u a n t i f i c a t i o n  o f  th e  compound a s  th e  

p eak  a r e a  o f  th e  compound i n  th e  SID t r a c e  i s  p r o p o r t io n a l  t o  t h e  amount 

o f  compound i n  q u e s t io n  (Vanden H euvel and Z a c c h e i,  1976).

E l l i o t t  and  Greenwood ( l9 7 4 )  c la im  t o  be th e  f i r s t  t o  u se  GC-MS t o
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i d e n t i f y  lAA as th e  auxin  in  p la n t  m a te r ia l,  in  t h i s  c a s e ,  in  r o o ts  o f  

Zea m ays. At th e  same t im e , how ever. B ridges e;t ( l9 7 3 )  id e n t i f i e d  

and q u a n t if ie d  lAA in  th e  s t e  l e s ,  c o r t ic e s  and t i p s  o f  prim ary r o o ts  

o f  Zea mays by GC-MS.

The d e r iv a t iv e  u sed  fo r  th e  GO-MS s tu d ie s  by B rid g es  e t  a l . (1973) 

was th e  t r im e t h y l s i ly l  d e r iv a t iv e  o f  lAA (TlvISi-IAA), T h is d e r iv a t iv e  

has a ls o  been u sed  by White e t  a l . (1979) to  id e n t i f y  lAA in  la t e r a l  

buds o f  P h aseo lu s v u lg a r is  ; H a ll and Medlow ( 197^1) to  measure XAA in  

phloem and roo t p ressu r e  sap; Bandurski and S ch u lze  (1975) to  id e n t i f y  - 

lAA in  Avena. P i sum and Z ea; Shindy and Smith (1975 ) t o  id e n t i f y  lAA 

in  c o tto n  o v u le s ;  and H illm an e t  a l .  ( l9 7 7 )  to  q u a n tify  l e v e l s  o f  lAA 

in  l a t e r a l  buds o f  P h aseo lu s v u lg a r is  ; a l l  th e s e  a n a ly se s  u t i l i s e d  

GG-MS f a c i l i t i e s .

Another d e r iv a t iv e  th a t has been used  in  GG-MS s tu d ie s  i s  th e  HFB 

d e r iv a t iv e  o f  lAA-Me, This was i n i t i a l l y  used  by B e r t i ls s o n  ej  ̂ a l .

( 1972) to  id e n t i f y  XAA in  human cer eb ro sp in a l f l u i d .  L ater th e  same 

d e r iv a t iv e  was u sed  by R iv ie r  and P i l e t  (197^:) t o  id e n t i f y  and measure 

XAA in  th e  cap and apex o f  Zea mays r o o ts .

The t r i f l u o r a c e t y l  d e r iv a t iv e  o f  XAA-Me has b een  employed by Hopping 

and Bukovac (1979) t o  id e n t i f y  XAA in  seeds o f  Prunus cerasiBvSby GG-MS.

R e c e n tly , u se  has been  made o f  p e n ta flu o ro p ro p io n ic  a c id  (PPPA) to  

a c y la te  v a r io u s  in d o le  a c id s  and amines (G elp i e^  a l . , 1 9 7 4 ). T his ty p e  

o f  d e r iv a t iv e  was a ls o  u sed  by M iyazaki ^  a l . ( l  974) in  GG-MS s tu d ie s  o f  

v a r io u s  in d o le  a c id s  in c lu d in g  XAA. The MS in  t h i s  c a se  was a chem ical 

io n is a t io n  -  mass sp ectro m eter . I t  should  be n o ted  th a t  th e  l e v e l  o f  

s e n s i t i v i t y  o f  d e te c t io n  o f  norep in ep h rin e u s in g  t h i s  method was 1 p g .

Thus in  summarising th e  v a r io u s  a n a ly t ic a l  te c h n iq u e s  a t p resen t  

u sed  in  XAA a n a ly s i s ,  GG-MS appears to  be th e  o n ly  method th a t  i s  

capab le o f  h ig h  s e n s i t i v i t y ,  h igh  r e s o lu t io n  and h ig h  s p e c i f i c i t y ;  

however, l i t t l e  in form ation  i s  p resen t on th e  e f f e c t  o f  im p u r it ie s  on



22

GC-lvIS a n a ly s is o

I M  MEASUREMENT IK SHOOT TISSUE

S in ce  I M  i s  th o u g h t t o  c o n t r o l  th e  g row th  o f th e  S hoo ts  and r o o ts  

o f  h ig h e r  p l a n t s  (W areing and P h i l l i p s ,  1970; Thim ann, 1972; P h i l l i p s ,  

1979; T o rre y , 1976) i t  i s  o b v io u s ly  n e c e s s a ry  t o  a c c u r a te ly  m e a su re ^ th e  

d i s t r i b u t i o n  and c o n te n t  o f  I M  i n  p la n t  t i s s u e .

The m a jo r i ty  o f  GC-MS a n a ly s e s  o f  I M  h as  been  c a r r i e d  out on p l a n t  

t i s s u e  w here th e  c o n te n t  o f  I M  w ould  a p p e a r  t o  b e  r e l a t i v e l y  h ig h  and  

th e  d e g re e  o f  p ig m e n ta t io n  low , v i z . ; c o l e o p t i l e s  (Greenwood e t  a l o , 

1972 ) ;  s e e d l in g  r o o ts  (B rid g e s  e t  a l . . 1973; R iv ie r  and  P i l e t ,  1 9 7 4 ); 

sh o o t a p ic e s  (W hite e t  a l .  , 19 7 9 ); l e t t u c e  f r u i t s  (R o b e rtso n  ej^ a l .  . 

1976 ) ;  and  l a t e r a l  b u d s (H illm an  e t  a l . . 1977). The a p p l i c a t io n  o f  

GC-MS te c h n iq u e s  to  t h e  a n a ly s e s  o f  I M  i n  t i s s u e s  su ch  a s  g re e n  stem s 

an d  s e n e s c in g  le a v e s  h a s  b een  d i f f i c u l t  a s  a  r e s u l t  o f  th e  im p u r ity  o r  

th e  c o n ta m in a tio n  o f  t h e  e x t r a c t s .  In d e e d , a t te m p ts  u s in g  s p e c tro s c o p ic  

m ethods ( T i l l b e r g ,  1974) and GC-MS m ethods (W hite , 1973) t o  a n a ly se  

l e v e l s  o f  I M  i n  P h a se o lu s  v u lg a r i s  sh o o t t i s s u e  have p ro v ed  u n s u c c e s s f u l .

The s tu d ie s  o u t l in e d  i n  t h i s  t h e s i s  d e s c r ib e  f i r s t l y ,  th e  developm ent 

o f  a  p u r i f i c a t i o n  p ro c e d u re  and an  a n a l y t i c a l  m ethod to  f a c i l i t a t e  th e  

r o u t in e  m easurem ent o f  I M  i n  e x t r a c t s  o f  P . v u lg a r i s  sh o o t t i s s u e ;  

se c o n d ly , th e  a p p l i c a t io n  o f su ch  p ro c e d u re s  t o  d e te rm in e  th e  d i s t r i b u t i o n  

o f  I M  in  f o l i a r  and  stem  t i s s u e  o f  P . v u l g a r i s .
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GEMEBAL EXPERIMENTAL IvlATERIALS MD IÆETHODS

In  v iew  o f  t h e  f a c t  t h a t  much o f  th e  e x p e r im e n ta l p a r t  o f t h i s  t h e s i s  

i s  d ev o ted  to w ard s  th e  developm ent o f a n a l y t i c a l  p ro c e d u re s ,  th e  

su b s ta n c e  o f t h i s  s e c t i o n  i s  c o n f in e d  to  g e n e ra l m ethods common to  a  

m a jo r i ty  o f  th e  e x p e r im e n ts .

(1 ) P la n t  l^ la te r ia l

Seeds o f  P h a se o lu s  v u lg a r i s  L. c. v . C anadian Wonder w ere p u rc h a se d  

from  C h a rle s  Sharpe and *Co, L td . ',  S le a fo r d ,  E n g lan d , and  s to r e d  a t  4*̂ C 

p r i o r  to  sow ing . When r e q u ire d ^ s e e d s  w ere sown i n  Jo h n  In n e s  No. 1 

com post m ix tu re  i n  b a tc h e s  o f  50  p e r  box  and l e f t  t o  g e m in a te  i n  th e  

g la s s h o u s e . The p l a n t s  w ere  grown u n t i l  t h e  seco n d  t r i f o l i a t e  l e a f  

h ad  j u s t  a t t a i n e d  th e  g ra n d  p e r io d  o f  g row th  (W hite , 1 9 7 3 ). P la t e  1 

shows th e  a v e ra g e  p la n t  ty p e ,  w h i ls t  P la t e  2 shows th e  c o m p a ra tiv e  

s i z e s  o f  th e  le a v e s  a t  th e  h a r v e s t in g  s t a g e .  At t h i s  s ta g e  th e  p la n t s  

w ere h a r v e s te d  w ith  c a r e  b e in g  ta k e n  t o  e n su re  t h a t  o n ly  v e g e t a t i v e  

p la n t s  w ere em ployed.

( 2) H arvestin g

In  **whole s h o o t"  ex p e rim e n ts  t h e  stem s w ere  e x c is e d  th ro u g h  th e  

b a s e  o f  th e  h y p o c o ty l 5 cm above s o i l  l e v e l  and th e n  d iv id e d  in t o  

a p p ro x im a te ly  2 cm p o r t io n s  f o r  e x t r a c t i o n .  I n  " f o l i a r  d i s t r i b u t i o n "  

e x p e rim e n ts , th e  la m in ae  and  p e t i o l e s  w ere d e ta c h e d  a t  th e  p u lv in a r  

ju n c t io n  w ith  th e  s tem , w ith  c a r e  b e in g  ta k e n  t o  e n s u re  t h a t  no l a t e r a l  

b uds w ere rem oved. F o r "stem  d i s t r i b u t i o n "  ex p e rim e n ts  a  1 cm s e c t io n  

o f  stem  i n  th e  m id d le  o f  a  s p e c i f i c  in te rn o d e  was rem oved w ith  a  c le a n  

r a z o r  b la d e  on a p l a t e —g la s s  b e d . In  b o th  ty p e s  o f  d i s t r i b u t i o n  

experim ent th e  ap ex  was a l s o  d e ta c h e d .

( 3 ) C hem icals

T e c h n ic a l g ra d e  m ethano l and  anhydrous d ie th y l  e t h e r  w ere u s e d  

a s  s o lv e n ts  f o r  th e  m a jo r e x t r a c t i o n  ex p e id m en ts . They w ere s u p p l ie d
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P la te  1 ; T y p ic a l P la n t  M a te r ia l  u sed  f o r  E x t r a c t io n
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i n  b u lk  from  s e v e r a l  s u p p l i e r s  and r e d i s t i l l e d  p r i o r  to  u s e ,  from  and  

in to  ac id -w a sh ed  g la s s w a re ,

In d o le -3 “ a c e t i c  a c id  ( S ig n a  London C hem ical Company L t d , , S u rre y ) 

and L - try p to p h s n  (B .D .H , C hem icals L t d . , P o o le )  w ere s to r e d  i n  d a rk n ess  

a t  4°C i n  vacuum d e s ^ ic ^ t  o r s .

N, 0 - b i s - ( t  r i m e t h y l s i l y l ) - ac e t  am ide (BSA), N ,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  am ide (BSTPA) and h e p ta f lu o ro b u ty ry l im id a z o le  (HPBI) ,

( P e ir c e  and  W a rr in e r  Lt^d,, C h e s te r )  w ere s to r e d  a t  4°C , 4°C and  -15°G  

r e s p e c t iv e l y .

O ther s o lv e n ts  an d  s p e c ia l  g ra d e  r e a g e n ts  a r e  d is c u s s e d  u n d e r  th e  

r e le v a n t  section .

(4 ) G en era l E x t r a c t io n  P ro ced u re s

D uring  h a r v e s t in g  each  f r a c t i o n  was w eighed  and th e n  p la c e d  in  

m ethano l a t  i n t e r v a l s ;  a t  th e  c o m p le tio n  o f  h a r v e s t in g  th e  volum e o f  

m e thano l was a d ju s te d  such  t h a t  1 g f r e s h  w e ig h t o f  t i s s u e  was e x t r a c te d  

i n  g r e a t e r  th a h  5 ml o f  m e th a n o l. The e x t r a c t s  w ere th e n  p la c e d  i n  a  

deep f r e e z e  f o r  24 h  a t  -15°C  i n  d a rk n e s s .  Whenever n e c e s s a ry  th e  

d e t a i l s  o f  t i s s u e  w e ig h ts  and s o lv e n t  volum es a r e  t a b u la t e d  i n  each  

e x p e r im e n ta l s e c tio n *

Each e x t r a c t i o n  experim en t h ad  a  c o n t r o l  o r  s o lv e n t  b la n k  c a r r i e d  

o u t i n  tandem . T h is  c o n s is te d  o f  25 m l o f  d i s t i l l e d  w a te r  i n  3 1 o f  

m e th a n o l, and  was s u b je c te d  to  p r e c i s e l y  th e  seme p ro c e d u re s  a s  th o s e  

d e s c r ib e d  f o r  th e  p la n t  m a te r i a l s ,

(5 ) C hrom atograph ic M ethods

(a )  Column Chrom atography -  The column su p p o r t m a te r i a l s  u s e d  

w ere Sephadex LH20 (P h an n ac ia  (G rea t B r i t a i n  L t d . ) ,  L ondon), DE1 and  

DE23 (Whatman B io c h em ica ls  L t d . , K ent) and  P o ly ü a r AT (G af G rea t B r i t a i n  

L t d . , M a n c h e s te r ) .

The m ethod u s e d  i n  d e te rm in in g  th e  r e l a t i v e  e f f e c t iv e n e s s  o f  

each  colum n system  whs a s  fo llo w s  : a  p la n t  e x t r a c t  was p re p a re d  by



e x t r a c t in g  10  g o f  t r i f o l i é  t e  l e a f  t i s s u e  in  e x c e ss  a b s o lu te  m e th a n o l f o r  

16  h  i n  th e  d a rk  a t  -1 5 °C . The m eth an o l e x t r a c t  was s u b se q u e n tly  f i l t e r e d  

an d  red u ce d  to  an aqueous f r a c t i o n  a t  56°C on a  r o t a r y  e v a p o ra to r .  The 

pH o f  th e  aqueous f r a c t i o n  was th e n  a d ju s te d  to  3*0 by  th e  a d d i t io n  o f  

2NHC1 and s u b s e q u e n tly  p a r t i t i o n e d  a g a in s t  e q u a l volum es o f  d i e t h y l  

e th e r  t h r e e  t i m e s , t h e  e th e r  l a y e r s  w ere th e n  c o l l e c t e d  and com bined.

T h is  e th e r  f r a c t i o n  was th e n  l e f t  f o r  4 h  a t  -15°G  fo llo w in g  w hich e x c e ss  

w a te r  was rem oved a s  i c e  by B iïchner f i l t r a t i o n .  The e t h e r  f r a c t i o n  was 

th e n  red u ce d  t o  a  d ry  r e s id u e  b y  r o t a r y  f i lm  e v a p o ra tio n  (EFE) and  

r e d is s o lv e d  i n  m e th a n o l. I t  was i n  t h i s  fo im  th a t  th e  p la n t  e x t r a c t ,  

to g e th e r  w ith  an  a l iq u o t  o f  [ C]-IAA, was a p p l ie d  t o  th e  colum n.

T h e r e a f te r  th e  r e s i d u a l  volume o f  t h e  column was f i l l e d  w ith  e lu e n t  and  ■ 

a  r e s e r v o i r  was a t ta c h e d  to  t h e  column such  t h a t  a  c o n s ta n t  volum e o f  

e lu e n t  was p r e s e n t  above th e  colum n su p p o rt m a te r i a l .  The colum n e lu a te  

was c o l l e c t e d  on a  L .K .B . f r a c t i o n  c o l l e c t o r  v i a  a  d ro p -c o u n te r  a t ta c h m e n t.

The ab so rb an ce  be tw een  45O and  85O nm o f  each  f r a c t i o n  was su b se ­

q u e n tly  d e te rm in e d  on a  Unicam SP.8000 S p e c tro p h o to m e te r . S im i la r ly ,  

th e  r a d i o a c t i v i t y  o f  eac h  f r a c t i o n  was a s s e s s e d  by l i q u i d  s c i n t i l l a t i o n  

c o u n tin g ;  th e  n a tu r e  o f  th e  s c i n t i l l a n t  employed was dependen t on th e

ty p e  o f  column e l u e n t .  U sing  th e s e  m easurem ents th e  e l u t i o n  p r o f i l e  

r14o f  th e  L Cj-IAA and  p ig m en ts  c o n ta in e d  i n  th e  p la n t  e x t r a c t  w ere

c o n s tr u c te d  f o r  e ac h  colum n sy stem .
r l4  T

The p e rc e n ta g e  re c o v e ry  o f  L 0 J-IAA from  each sy s tem  was gauged

r l 4by d e te rm in in g  th e  mean dpm o f  t h r e e  i d e n t i c a l  a l i q u o t s  o f  th e  [ Cj-IAA. 

a p p l ie d  to  th e  colum n, a s s e s s in g  th e  t o t a l  dpm p re s e n t  i n  th e  e lu a te  

(o n ly  th o s e  f r a c t i o n s  whose dpm ^ 1 0 0  w ere ta k e n  in to  a c c o u n t)  and  th e n  

c a l c u la t in g  th e  fo [^^C]-IAA  p re s e n t  i n  th e  e lu a te  a s  com pared to  t h e  

o r ig i n a l  mean dpm o f  [^^C]-IA A  a p p l ie d  t o  th e  system .

(b) T h in - la y e r  C hrom atography -  A ll  chrom atogram s w ere d ev e lo p ed  

a t  a  c o n s ta n t te m p e ra tu re  o f  15°G i n  d a rk n e s s . lAA was a p p l ie d  t o
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TLC p l a t e s  as  s p o ts  o f  400 ng ' i n  2 p i  o f  m e th a n o l, lo c a t io n  o f  th e  lAA

on TLC p l a t e s  a f t e r  developm ent was a c h ie v e d  by  s p ra y in g  th e  p l a t e s  w ith

E h r l i c h 's  re a g e n t (0 .1  g p a ra -d im e th y lam in o b en za ld eh y d e  i n  10 ml 2N HG l)

and h e a t in g  t h e  p l a t e ,  w hereupon lAA r e a c te d  to  g iv e  a  b lu e  c o lo u r a t io n ;

o r ,  a l t e r n a t i v e l y ,  by  exam ining  th e  TLC p l a t e  u n d e r  a  l i g h t ,  w ith

th e  p o s i t i o n  o f  lAA. b e in g  in d i c a te d  b y  a  b lu e  s p o t .

The p ro c e d u re  f o r  t e s t i n g  th e  r e l a t i v e  e f f e c t iv e n e s s  o f each  t h i n

- l a y e r  sy stem  was th e  same t h r o u ^ o u t .  I n i t i a l l y  a  p igm ent e x t r a c t  was

p re p a re d  a s  d e s c r ib e d  f o r  colum n ch rom atog raphy  m ethods. T h is  was

a p p l ie d  i n  5 s e p a r a te  s p o ts  e ac h  w ith  an  a l i q u o t  o f  XAA i n  o r d e r  t h a t

th e  p la n t  e x t r a c t  and lAA w ere co -ch ro m ato g rap h e d . The TIO p l a t e  was

th e n  d ev e lo p ed  f o r  10 cm i n  th e  a p p r o p r ia te  s o lv e n t  sy stem , fo llo w in g

w hich th e  R f v a lu e s  o f  th e  com ponents o f  th e  p l a n t  e x t r a c t s  w ere n o te d

a f t e r  exam in ing  th e  p l a t e  u n d e r  v i s ib l e ,  UV_r-, and l i g h t .® ' 254  nm 3 60 nm

A f te r  t h i s  t h e  p o s i t i o n  o f  lAA was lo c a te d  a s  abo v e . Where ccanplete

r e s o lu t io n  o c c u rre d  betw een  th e  ^com ponents o f  th e  p la n t  e x t r a c t  and lAA

th e  system  was deemed s u c c e s s f u l .

The c e l l u l o s e  p l a t e s  u se d  w ere 20 x  20 cm p r e - p r e p a r e d  Polygram

C el 200 w ith  a  0 .1  mm l a y e r  o f  c e l l u l o s e  (MN 3 0 0 ) ,  and  th e  s i l i c a  g e l

254p l a t e s  w ere p r e - p r e p a r e d  20 x  20 cm S i l  G-UV w ith  a  0 .2 5  mm la y e r  o f  

s i l i c a  g e l  (Cam lab, C am bridge).

( c )  G a s - l iq u id  Chrom âtographv -  A v a r i e t y  o f  GIO system s have 

been  u s e d ,  two w ere i n  c o n ju n c tio n  w ith  m ass s p e c tro m e te rs  and  a  t h i r d  

w ith  a r a d i o a c t i v i t y  m o n ito r ;  th e s e  a r e  d is c u s s e d  u n d e r t h e i r  r e le v a n t  

s e c t i o n s .

F o r r o u t in e  a n a ly s i s  o f  d e r iv a t iv e s  o f  lAA, a  Pÿe 104 GIO equ ip p ed  

w ith  a  flam e i o n i s a t i o n  d e t e c to r  (FID) was u s e d ; and  f o r  e l e c t r o n
T

c a p tu re  s tu d ie s  a  Pye ECD-GC w ith  an e l e c t r o n  c a p tu re  d e t e c to r  (Ni ) 

was em ployed.

A ran g e  o f  column sy stem s w ere u se d ; i n  th e  m ain  how ever th e  g as
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ch rom âto g r a p h ic a l ly  e q u iv a le n t  n o n -p o la r  p h ases  OV-1 , OV-101 and SE-3 0  

c o a te d  on Gas Chrom Q (GGQ) o r  Chromos o rb  W i n  v a ry in g  c o n c e n t r a t io n s  

have b een  em ployed. The ex ac t n a tu r e  o f  t h e  column and GK3 o p e r a t in g  

c o n d i t io n s  a r e  sum m arised  a t  each  ex p erim en t.

(d) R e s o lu t io n  -  R e s o lu tio n  i s  a  m easure o f  th e  d e g re e  o f  

s e p a r a t io n  o f  a d ja c e n t  compounds th a t  have b een  e lu te d  from  a  g iv e n  

ch ro m a to g rap h ic  p r o c e s s .  Vflriere th e  re sp o n se  o f  two a d ja c e n t  compounds 

from  such  a  p ro c e s s  g av e  r i s e  to  peaks t h a t  h ad  G aussian  d i s t r i b u t i o n s ,  

th e n  th e  r e s o l u t i o n  betw een  th e s e  compounds h a s  been  ceuL culated , a f t e r  

t r i a n g u l a t i o n ,  a c c o rd in g  t o  th e  fo llo w in g  fo rm u la :

R = 2 A x 
YA + XB

w here Ax i s  th e  d i s ta n c e  betw een  th e  p eak  maxima; YA and  YB a r e  th e  

r e l a t i v e  p eak  w id th s  a t  t h e i r  b a s e s ;  and  R i s  th e  d eg ree  o f  r e s o lu t io n

(6 ) Mass S p e c tro m e try

Two MS in s tru m e n ts  have been  u s e d , b o th  a re  d o u b le -fo c u s# in g  

s in g le -b e a m  e le c t ro n - im p a c t  in s tru m e n ts  w ith  d i r e c t l y  c o u p le d  g a s  

chrom ât o g ra p h s .

In  th e  m a in , an  AEI MS-3O mass s p e c tro m e te r  w ith  an  o n - l i n e  "Bye 

104 GC was u s e d .  The s e p a r a t io n s  o f  sam ple m ix tu re s  on t h e  GO w ere 

made on s i l a n i z e d  g l a s s  colum ns u s u a l ly  p ack ed  w ith  OV-101 o r  SE-3O on 

GCQ ( 1 0 0 -1 2 0  m esh s i z e ) .  The GC-MS in te rp h a ^ e  c o n s is te d  o f  a  s i l i c o n e  

- ru b b e r  membrane u s u a l l y  m a in ta in e d  a t  220°G w ith  a  so u rc e  te m p e ra tu re  

o f  230°G and  an  io n i z in g  v o l ta g e  o f  70 eV. Where th e s e  c o n d i t io n s  

d i f f e r  th e y  a r e  d e s c r ib e d  u n d e r th e  a p p ro p r ia te  e x p e r im e n ta l s e c t i o n .

F o r q u a n t i t a t i v e  s tu d ie s  u s in g  th e  AEI MS-3 0 , an AEI M u ltip e a k  

S e le c tro  WF-055 (m u ltip e a k  m o n ito r)  a c te d  a s  an  a c o e l& ra tin g  v o l t a g e  

a l t e r n a t o r .  T h is  f a c i l i t y  en ab led  th e  MS t o  a c t  a s  a  s p e c i f i c  

d e te c to r  f o r  th e  GC su ch  t h a t  s e l e c t i v e  io n  d e t e c t io n  (m ass f ra g m e n to -  

g rap h y , s e l e c t i v e  io n  c u r r e n t  m o n ito r in g , m u l t ip le  io n  m o n i to r in g .
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m u l t ip l e  peak  m o n ito r in g )  s tu d ie s  c o u ld  be c a r r i e d  o u t .

In  some s tu d ie s  a J e o l  JlvIS-DlOO m ass sp e c tro m e te r  was u s e d . The 

GC s e p a r a t io n s  w ere p e rfo rm e d  on a  J e o l  JGC-20 K g as  ch rom atog raph  

l in k e d  t o  t h e  MS v ia  a  m e ta l double j e t  s e p a r a to r  m a in ta in e d  u s u a l ly  

a t  193°G. The GC column c o n s i s t e d  o f  a  1 m g la s s  column p acked  w ith  

3 ^  OV-1 on Chromo8orb W w ith  s e p a r a t io n s  b e in g  o b ta in e d  b y  oven 

te m p e ra tu re  program m ing from  100 -  200°C a t  15° min \  60 sec  a f t e r  

i n j e c t i o n .

An o n - l in e  In stem  D ata  Mass Maxi Computer was a v a i la b l e  f o r  d a ta  

a c q u i s i t i o n ;  and c a l i b r a t i o n  o f  th e  o v e r a l l  sy stem  was a c h ie v e d  d u r in g  

sam ple ru n s  by  a l lo w in g  th e  MS t o  s c a n  sam ples o f  p e r f lu o ro k e ro s e n e  

(HPK) end  com paring th e  scan  p ro d u c e d  by th e  com puter w ith  a  known 

sp ec tru m  o f  FFK.

(? )  R ad io assay

(a )  R ad io ch em ica ls  -  The [^^C]-IAA  u se d  i n  a l l  t h e  ex p e rim en ts  

o th e r  th a n  th e  " r o ta r y  e v a p o ra t io n "  ex p erim en t was 3“ in d o ly l  

a c e t i c  a c id  (R ad io ch em ica l C e n tre ,  Amershara) w ith  a  s p e c i f i c  a c t i v i t y  

o f  294 M-Ci mg , The sam ple  t o t a l  a c t i v i t y  was 50 pCi an d  t h i s  was 

r e c e iv e d  in  a  s o lu t io n  o f  400 p i  o f  b en zen e  (c o n ta in in g  10^  o f  a c e to n e )  

i n  a  s e a le d  g la s s  am poule. On r e c e i p t  th e  ampoule was opened , th e  

s o lu t io n  t r a n s f e r r e d  t o  a  10 m l g la s s  v i a l  and  th e  am poule w ashed w ith  

ben zen e . The s o lv e n t was th e n  rem oved u n d e r a l i g h t  s tre a m  o f  n i t r o g e n  

and  th e  r e s id u e  ta k e n  up i n  5 m l o f  m e th an o l such  t h a t  10 p i  o f  t h i s  

m ix tu re  c o n ta in e d  a p p ro x im a te ly  0 .1  p C i. The [^^C]-IAA was u se d  i n  

t h i s  c o n c e n tr a t io n  f o r  a l l  th e  fo l lo w in g  ex p e rim e n ts  ex ce p t th e  TLC 

e ff ic ie iK jy  e x p e r im e n ts . F o r th e s e  ex p e rim en ts  an  a l iq u o t  (lOO p i )  o f  

t h e  above s o lu t i o n  was d i l u t e d  w ith  m e th an o l such  t h a t  5 p l  o f  th e  

s o lu t i o n  c o n ta in e d  a p p ro x im a te ly  1 ,000  dpn o f  [^^C]-IA A . I n  o rd e r  t o  

a s s e s s  th e  amount o f  [^^C]-IAA added  to  v a r io u s  e x t r a c t s ,  t h r e e  

i d e n t i c a l  a l i q u o t s  Were s u b je c te d  to  l i q u i d  s c i n t i l l a t i o n  c o u n t in g .
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' 14-and  th e  mean o f  th e s e  t h r e e  v a lu e s  was ta k e n  as  th e  amount o f  [ C]

-XAA added  i n i t i a l l y .

Prom tim e  to  tim e  a  p u r i t y  a n a ly s i s  o f  t h e  above s o lu t io n s  was c a r r i e d

o u t by rad io-T L G  i n  two s o lv e n t  sy stem s ([m e th y l a c e t a t e :  p ro p a n -2 -o l :

25% ammonia; 45 : 35 • 20 : v /v ]  and  [p ro p a n -2 -o l :  0 .8 8  ammonia: w a te r ;

1 0 : 1  : 1 : v / v ] )  t o  e n su re  t h a t  t h e  sam ple was s u i t a b l e  f o r  u s e .  At no

tim e  was th e  ra d io c h e m ic a l p u r i t y  found  t o  b e  l e s s  th a n  92%.

"1 4:F o r th e  " r o ta r y  e v a p o ra t io n "  e x p e rim e n ts  th e  [ C]-IAA was a  seco n d  

14s to c k  o f  3 - in d o ly l  [ l -  C] a c e t i c  a c id  w hich had  b e e n  d i l u t e d  to  g i v e . a  

t o t a l  a c t i v i t y  o f  50  pC i i n  1 m l o f  m e th a n o l.

A ll  o f  th e  above [^^C j-IA A  s o lu t i o n s  w ere s to r e d  a t  4°C i n  

d a rk n e s s .

F o r  th e  " e x tra c t!o n -m e ta b o lis m "  e x p e rim e n t, L - [5 (n ) -^ H ] - try p to p h a n

(R ad io ch em ica l C e n tre ,  Amersham) was u s e d . T h is  h ad  a  s p e c i f i c  a c t i v i t y

o f  25 Ci mmol  ̂ and  was s u p p l ie d  i n  e th a n o l  : w a te r  ( l  : 1 ; v /v )  s o lu t i o n

i n  a  s e a le d  ru b b e r -c a p p e d  m u l t id o s e  v i a l .  T h is  s o lu t io n  was s to r e d  i n

d a rk n ess  a t  -1 5 ° 0  u n t i l  r e a d y  f o r  u s e .  The r a d i o a c t i v i t y  c o n c e n t r a t io n

i n  w hich t h i s  sam ple was r e c e iv e d  and  u se d , was 1 pCi p l  ■

(b )  L iq u id  S c i n t i l l a t i o n  C o un ting  -  T o ta l  r a d i o a c t i v i t y  i n

sam ples was m easu red  by  P a c k a rd  T r ic a r b  s c i n t i l l a t i o n  s p e c tro m e te rs

w hich  d e te rm in e d  th e  r a d i o a c t i v i t y  p r e s e n t  i n  each  sam ple a s  cpm ,

w ith  an AES r a t i o  w hich  in d i c a t e d  th e  quench l e v e l  p r e s e n t  i n  each

sam ple . The e f f i c i e n c y  o f  c o u n tin g  i s  g o v ern ed  by  th e  quench o f  each

sam p le . T h is  e f f i c i e n c y  was o b ta in e d  by  c o n s t r u c t in g  quench c o r r e c t io n  

14̂  3c u rv e s  f o r  [ C] and  [ H] com pounds. These c u rv e s  w ere c o n s t r u c te d  

from  th e  cpm fo u n d  in  v i a l s  c o n ta in in g  n - [ l  ,2 (n -^H ) ] hexadecane 

( s p e c i f i c  a c t i v i t y  2 .2 7  pCi g ^) o r  n - [ l - ^ ^ C ]  hexadecane ( s p e c i f i c  

a c t i v i t y  0 .5 0 9  pCi g  ̂) ,  (R ad io ch em ica l C e n tre , Amersham) i n  th e  

a p p r o p r ia te  s c i n t i l l a t i o n  f l u i d  a t  v a r io u s  quench l e v e l s  a s  i n d i c a t e d  

b y  th e  AES r a t i o .  The d e g re e  o f  quench ing  in  th e s e  s ta n d a rd s  was v a r i e d
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b y  ad d in g  d i f f e r e n t  am ounts o f  p la n t  e x t r a c t s .  T h u s , b y  knowing th e

cpm and  t r u e  dpm o f  th e s e  s ta n d a r d s ,  th e  % c o u n tin g  e f f i c i e n c y  o f  th e

p a r t i c u l a r  i s o to p e  a t  a  known quench l e v e l  was c a l c u l a t e d .  Quench 

c o r r e c t io n  c u rv e s  w ere c o n s t r u c te d  f o r  each  s c i n t i l l a t i o n  f l u i d  an d  

i s o to p e .

F o r th e  a c tu a l  e s t im a t io n  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 p les , 

a l i q u o t s  o f  th e s e  sam p les w ere p la c e d  e i t h e r  in  g l a s s  o r  p l a s t i c  

s c i n t i l l a t i o n  v i a l s  a n d  a  volume o f  th e  a p p r o p r ia te  s c i n t i l l a t i o n  f l u i d  

was added . Where th e  sam ple was p r e s e n t  i n  an  o rg a n ic  s o lv e n t , th e  

s o lv e n t  was f i r s t  rem oved in  vacuo and  th e  s c i n t i l l a t i o n  f l u i d  ad d ed .

T ab le  3 shows th e  s c i n t i l l a t i o n  f l u i d  u s e d  w ith  t h e  sam ple ty p e .

T a b le  3 : S c i n t i l l a t i o n  f l u i d  u se d  w ith  a  p a r t i c u l a r  sam ple ty p e

SAMPLE SCINTILLATION FLUID

D ry r e s id u e  10 ml o f  4 g o f  FPO (2 ,5  d ip h e n y lo x a z o le )
I ” "' o f  to lu e n e  OR 10 m l o f  2 : 1 m ix tu re  o f
4 g o f  PPO 1“ to lu e n e  : T r i to n  x -100  ( v /v )

Aqueous ( l  o r  5 nil volum e) 10 m l o f  2 : 1  m ix tu re  o f  4  g o f  PPO 1” **
to lu e n e  : T r i to n  x -1 0 0  (v /v )

Aqueous ( l  -  5 nil volum e) 10 m l o f  U n iso lv e  1 (Koch L ig h t L a b o r a to r ie s )

TLC P l a t e  s c ra p in g  1 m l o f  50 : 50 m ix tu re  o f  m e th an o l : d i e t h y l
e th e r  ( v /v )  ; p lu s  10 ml o f  2 : 1 m ix tu re  
o f  4  g  o f  PPO 1"1 to lu e n e  : T r i to n  x-100  
( v /v )

(c )  R a d io -T h in - la y e r  C hrom atography ( r a d io - T I P ) -  The e s t im a t io n

o f  th e  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  p r e s e n t  on TLC p l a t e s  a f t e r  

developm ent i n  th e  a p p r o p r ia te  s o lv e n t  was by  two m ain m e th o d s; ( i )  

t h e  p l a t e  su p p o r t was d iv id e d  in to  e q u a l z o n e s , w hich  w ere th e n  s c ra p e d  

o f f  and p la c e d  i n  s c i n t i l l a t i o n  v i a l s  to  vdiich was added  th e  a p p ro p r ia te  

s c i n t i l l a t i o n  f l u i d  (s e e  T ab le  3) end th e  dpm o f  eac h  zone was th e n  

d e te rm in e d  by  l i q u i d  s c i n t i l l a t i o n  c o u n tin g , A co m p le te  ra d io -T IC  

p r o f i l e  was th e n  c o n s tr u c te d  a c c o rd in g  t o  t h e  dpn an d  Rf o f  each  zone.
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( i i )  Radio-TIX) was a l s o  d e te rm in e d  by scan n in g  th e  TIC p l a t e s  w i th  a

Panax TLC rad io ch ro m ato g ram  s c a n n e r .  T h is  s c a n n e r  u t i l i s e d  a  f ix e d

G eig er c o u n te r  w ith  a  2% p ro p a n e /98% arg o n  c a r r i e r - g a s  m ix tu re  a s  th e

r a d i o a c t i v i t y  d e t e c to r .  The d e t e c to r  was i n  a  f ix e d  p o s i t i o n  and

th e  TIC p l a t e  t o  b e  scan n ed  was p la c e d  on a  moving s ta g e  su ch  t h a t  a

minimum d is ta n c e  be tw een  th e  TIC p l a t e  and d e t e c to r  was a t t a i n e d .  As

th e  TLC p l a t e  moved fo rw a rd  th e  r a d i o a c t i v i t y  p r e s e n t  was d e te c te d  and

p o r tr a y e d  on a f l a t  b ed  r e c o r d e r .  Thus a t r a c e  o f  th e  cpm p r e s e n t

th ro u g h o u t th e  TIC p l a t e  was c o n s tr u c te d  a u to m a t ic a l ly ,

R adio-TIC  was u s e d  to  gauge th e  % p u r i t y  o f  r a d io a c t iv e  i s o to p e s

by ch ro m a to g rap h in g  a d ja c e n t  s p o ts  o f  n o n - r a d io a c t iv e  lAA w ith  th e

r a d io a c t iv e  sam p le . The cpm (a s  o b ta in e d  by t r i a n g u l a t i o n  from  th e

ra d io -T IC  sc a n )  e q u iv a le n t  t o  th e  Rf zone o f  th e  lAA re f e r e n c e  s p o t was

r l4 -th e n  ta k e n  a s  th e  v a lu e  o f  r a d i o a c t i v i t y  p re s e n t  a s  [ G]-IAA, and  by

c a l c u l a t i n g  th e  cpm o f  o th e r  compounds on th e  ra d io -T IC  t r a c e ,  t h e  %

14p u r i t y  o f  [ C]-IAA i n  te rm s  o f  t o t a l  r a d i o a c t i v i t y  p r e s e n t  c o u ld  be 

gauged ,

(d ) R a d io -G a s-L iq u id  C hrom atography (rad io -G IC ) -  The rad io -G IC  

a p p a ra tu s  c o n s i s t e d  o f  a  P e rk in  E lm er F11 g as  ch rom atog raph  eq u ip p ed  

w ith  a  s tre a m  s p l i t t e r  su ch  t h a t  90% o f  th e  column e f f lu e n t  was 

d i r e c te d  t o  a  P a c k a rd  g a s  p r o p o r t io n a l  c o u n te r  (Model 894) v i a  a  

h e a te d  g l a s s  l i n e ,  and  10% t o  th e  FID d e t e c to r .  S e p a ra t io n s  on th e  

GC w ere a c h ie v e d  u s in g  a  5 f t  s i l a n i z e d  g la s s  colum n p ack ed  w ith  5%

OV-101 s t a t i o n a r y  p h a se  c o a te d  on GCQ (80-100  mesh s i z e )  w ith  n i t r o g e n  

a s  th e  c a r r i e r  g a s .

Once e l u te d  from  th e  g a s  ch rom atograph  th e  [^^C] sam p les i n  th e  

g as  p r o p o r t io n a l  c o u n te r  w ere  c o n v e r te d  t o  ca rb o n  d io x id e  i n  a  q u a r tz  

com bustion  tu b e  c o n ta in in g  c o p p e r  o x id e . F o llo w in g  t h i s  co m b u stio n , 

hydrogen  g as  was added  t o  th e  flo w  ( t h i s  re d u c e d  th e  h o t i r o n  i n  a  

seco n d  fu rn a c e  where* [^H] sam ples t h a t  h ad  p r e v io u s ly  b een  c o n v e r te d



33

■2
t o  [ H]gO i n  th e  co p p er o x id e  fu rn a c e  w ere re d u c e d  t o  t r i t i u m  g a s ) .  

A f te r  p a s s in g  th ro u g h  a  w a te r  t r a p ,  th e  e f f l u e n t  o f  th e s e  fu rn a c e s  was 

m ixed  w ith  a quench gas (p ro p an e) p r i o r  t o  r a d i o a c t i v i t y  e s t im a t io n  in  

th e  p r o p o r t io n a l  tu b e .  The r e c o r d  o f  r a d i o a c t i v i t y  p r e s e n t  re se m b le d  

t h a t  o f  a c o n v e n tio n a l  FID-GG d e t e c to r .  The r a d i o a c t i v i t y  and  FID 

t r a c e s  w ere re c o rd e d  s im u lta n e o u s ly  on a  d u a l pen  r e c o r d e r .

The c o u n tin g  e f f i c i e n c y  o f t h i s  r a d i o a c t i v i t y  m o n ito r  was gauged  

b y  ch ro m ato g rap h in g  a l iq u o t s  o f  bis-TM Si-[* '^C]lA A  and  -m e th y l

p a lm i t a te .  The n e t  cpn o f  th e  r e s u l t a n t  r a d io  p eak  (w hich had  an  

i d e n t i c a l  T^ v a lu e  to  a  n o n - r a d io a c t iv e  s ta n d a rd )  was e q u iv a le n t  t o  

th e  a r e a  o f  th e  peak  a s  c a lc u la te d  by  t r i a n g u l a t i o n  (peak  h e ig h t  a f t e r  

b ackg ro u n d  cpm c o r r e c t io n  x  w id th  a t  h a l f  h e i g h t ) .  From t h i s  n e t  cpm 

v a lu e ,  and  knowing th e  t r u e  dpm o f  th e  sam ple , t h e  c o u n tin g  e f f i c i e n c y  

o f  th e  m o n ito r  was c a l c u l a t e d  a c c o rd in g  to  th e  fo llo w in g  fo rm u la ;

P e rc e n ta g e  c o u n tin g  e f f i c i e n c y  = sam ple x  ^ C E R

w here CFR r e f e r s  to  th e  com bined f lo w  r a t e  w hich  was th e  summed t o t a l  

o f  th e  c a r r i e r  g a s ,  hydrogen  and m ake-up g a s  flo w  r a t e s ;  20 i s  th e  

volum e o f  th e  p r o p o r t io n a l  flow  tu b e  (m l) .

D uring  a n a ly s e s ,  an  i n t e r n a l  s ta n d a rd  o f  10 pg o f  n o n - r a d io a c t iv e  

bis-TM Si-IAA  was c o - in j e c t e d  t o  o b v ia te  colum n a d s o rp t io n  and  to  

a s c e r t a in  i n j e c t i o n  e f f i c i e n c y ,

(8 ) S t a t i s t i c a l  A n a ly s is

L in e a r  and c u r v l in e a r  r e g r e s s io n s  w ere c a l c u l a t e d  r o u t i n e ly  f o r
â

s ta n d a rd - re s p o n s e  r e l a t i o n s h ip s  on a  H e w le tt-P a c k a rd  HP67 program m able 

c a l c u l a t o r  u s in g  p r e - c o n s t r u c te d  program m es. Two ty p e s  o f  r e g r e s s io n s  

w ere  commonly u s e d ,  nam ely;

( i )  L in e a r  r e g r e s s io n  -  T h is  ty p e  o f  r e g r e s s io n  was c a l c u la t e d  

a c c o rd in g  t o  th e  fo im u la  y  = a  + bx  w here y  and  x  w ere two v a r i a b l e s
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and

a  = f 2 ÿ l  -  b S x i ,
n  n

V .2 (Z=:ü)2
Z j x i n

The c o e f f i c i e n t  o f  d e te irn in a t io n  ( r ^ )  was c a l c u l a t e d  from  th e  fo llo w in g  

fo rm u lae  :

. [Sxl yi -
= ---------------- ^"■'*"7X27 ^ ^

[ E x i ^  “ jL § iS il_ ] [ J J y i^  -

n  n

( i i )  Power c u rv e  -  The r e l a t i o n s h i p  o f  y = ax^ ( a  power c u rv e )  

f o r  two v a r i a b l e s  y  and  x  was c a l c u l a t e d  u s in g  th e  fo llo w in g  fo rm u la e  :

a  = exp

.. . (£ln xi)(Sln yi)
^  _ E  ( i n  x i ) ( l n  y i )  - __________ n__________

I n  a d d i t io n ,  t h e  c o e f f i c i e n t  o f  d e te rm in a t io n  ( r ^ )  f o r  t h e  pow er cu rv e  

was s im u lta n e o u s ly  c a l c u l a t e d  from  th e  fo llo w in g  r e l a t i o n s h i p ;

2 [g(ln xi)(ln yl) - ^  ^  ^  ^

[J J d n  x l f  -  l R l 2 ^ ] [ 2 ( i n  y ± f  ]
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RESULTS

SECTION A : The P u r i f i c a t i o n  o f  P . v u lg a r i s  S hoo t E x t r a c t s

T h is  S e c t io n  d e s c r ib e s  th o s e  e x p e rim e n ts  co n ce rn ed  w ith  th e  

developm ent o f  a  r e l i a b l e  p u r i f i c a t i o n  p ro c e d u re  t o  e n a b le  th e  q u a n t i t ­

a t i v e  a n a ly s i s  o f  lAA i n  e x t r a c t s  o f P . v u l g a r i s  sh o o t t i s s u e .

(1 ) The E x t r a c t io n  and  P re l im in a ry  P u r i f i c a t i o n  o f  Shoot E x t r a c t s

(a )  E x t r a c t io n  P ro c e d u re

S in ce  A tsum i e t  a l ,  and K u ra is h i  (1976) c la im e d  t h a t

lAA c o u ld  a r i s e  a s  an a r t i f a c t  d u r in g  th e  m e th a n o lic  e x t r a c t i o n  o f  

p l a n t  t i s s u e ,  an d  b eca u se  m e th an o l w ould  a p p e a r  to  be  th e  m ost s u i t a b l e  

s o lv e n t  f o r  e x t r a c t i o n  (N i ts c h ,  1956 and H illm a n , u n p u b lish e d  r e s u l t s ) ,  ■ 

an  i n i t i a l  ex p erim en t was d e s ig n e d  th e r e f o r e  t o  d e te rm in e  i f ,  i n  f a c t ,  

c o n v e rs io n  o f  t ry p to p h a n  to  lAA c o u ld  o c c u r  d u r in g  m e th a n o lic  e x t r a c t i o n  

o f  P . v u lg a r i s  sh o o t t i s s u e .

T hree b a tc h e s  o f  50 g o f  sh o o t t i s s u e  w ere h a r v e s te d  and p la c e d  i n  

500 m l o f  m e th a n o l, A c o n t r o l  c o n s i s t i n g  o f  20 m l o f  d i s t i l l e d  w a te r  

a n d  500 ml o f  m e th an o l was a l s o  p r e p a re d .  B oth  th e  p l a n t  e x t r a c t s  an d  

th e  c o n t r o l  w ere th e n  s u b je c te d  t o  th e  fo llo w in g  p ro c e d u re :  an  a l iq u o t

o f  10 p l  o f  [^ H ]- try p to p h a n  s o lu t i o n  was added to  eac h  sam p le , 

fo llo w in g  w hich  th e  sam ples w ere l e f t  a t  -1 5 °0  i n  d a rk n e s s  f o r  24 h .

Each sam ple was th e n  f i l t e r e d  th ro u g h  “Whatman No, 1 p a p e r  w ith  th e  

sh o o t r e s id u e s  b e in g  re -w ash ed  w ith  a  f u r t h e r  500  ml o f  m e th an o l and  

f i l t e r e d  a s  ab o v e . The com bined m e th a n o lic  f r a c t i o n s  w ere th e n  

re d u c e d  to  an  aqueous r e s id u e  i n  v a c u o . The aqueous r e s id u e  was th e n  

ta k e n  up i n  250 m l o f  w a te r  and th e  pH a l t e r e d  to  3*0 by  t h e  a d d i t io n  

o f  2 N,HC1, The a c i d i f i e d  f r a c t i o n s  w ere  th e n  p a r t i t i o n e d  a g a in s t  

e q u a l volum es o f  d ie th y l  e th e r  t h r e e  t im e s  w ith  th e  e th e r  l a y e r s  b e in g  

c o l l e c t e d  end re d u c e d  to  d ry n ess  by  REE, The d ry  r e s id u e s  w ere th e n  

ta k e n  up in  m ethanol* t o  a  volume o f  10 m l.
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A liq u o ts  (lOÛ p l )  o f  each  sam ple w ere th e n  s u b je c te d  to  a n a ly s i s  

by  ch ro m a to g rap h in g  each  sam ple in d e p e n d e n tly  w ith  two a d ja c e n t m ark e r 

s p o ts  ( 2 .5  Pg) o f  try p to p h a n  an d  XAA (a p p l ie d  i n  s o lu t io n s  o f  w a te r  

and  m e th an o l r e s p e c t iv e ly )  on S i l  G t h i n  l a y e r  p l a t e s .  Each sam ple 

was ch ro m a to g rap h ed  in  s o lv e n t  sy stem  (a )  p ro p a n -2 -o l  : ammonia : w a te r  

(10  ; 1 : 1 ; v /v )  and (b ) m e th y l a c e t a t e  ; p ro p a n -2 -o l  : ammonia (45 : 35 

: 20; v / v ) .  F o llo w in g  developm en t, th e  p o s i t i o n  o f  th e  lAA and 

try p to p h a n  r e f e r e n c e  s p o ts  w ere n o te d  and  th e  d i s t r i b u t i o n  o f  r a d io ­

a c t i v i t y  i n  t h e  chrom atogram  o f  t h e  sam ple was d e te rm in e d  by  d iv id in g  

th e  p l a t e  i n t o  10 e q u a l zones f o r  su b seq u en t l i q u i d  s c i n t i l l a t i o n  

co u n tin g ^  a s  d e s c r ib e d  u n d e r " M a te r ia ls  and M ethods" .

The r a d io - T I ü  p r o f i l e s  o b ta in e d  a r e  shown i n  F ig u re s  5 and 6 , 

w ith  th e  p o s i t i o n s  o f  th e  r e f e r e n c e  s p o ts  o f  lAA and  try p to p h a n  (TEy) 

b e in g  in d i c a te d  by  b a r s .

In  tw o sanqples (B and C) a  s m a ll p eak  o f  r a d i o a c t i v i t y  was o b se rv ed  

u s in g  s o lv e n t  sy stem  (a )  t h a t  h a d  a  E f v a lu e  e q u iv a le n t  to  t h a t  o f  lAA, 

T h is  p a t t e r n ,  how ever, c o u ld  n o t be  c o n firm e d  when sam p les  B and C 

w ere ch ro m ato g rap h ed  i n  s o lv e n t  system  ( b ) .  I n  f a c t ,  o n ly  two 

s i g n i f i c a n t  a r e a s  o f  r a d i o a c t i v i t y  w ere p r e s e n t  on th e  chrom atogram s 

o f  each  p l a n t  sam ple ( i n  a d d i t io n ,  th e  c o n t r o l  (D) c o n ta in e d  o n ly  one 

m ain peak  w hich  was a lw ays p r o p o r t i o n a te ly  g r e a t e r  th a n  t h e  e q u iv a le n t  

peak  i n  t h e  sam ple  e x t r a c t s ) , n e i t h e r  o f  w h ich  had  a  s i m i l a r  Rf to  

lAA. I t  was c o n c lu d ed  t h a t  no ev id en ce  was found  t o  c o n firm  th e  

p r o p o s i t io n  t h a t  c o n v e rs io n  o f  t iy p to p h a n  to  lAA can  o c c u r  d u rin g  

th e  m e th a n o lic  e x t r a c t i o n  o f  P . v u lg a r i s  sh o o t t i s s u e .

(b ) P r e l im in a ry  P u r i f i c a t i o n

When m e th a n o l and  o th e r  o rg a n ic  s o lv e n ts  a r e  u s e d  to  e x t r a c t  

lAA from  p la n t  t i s s u e ,  i t  i s  i n e v i t a b l e  t h a t  l a r g e  volum es o f  s o lv e n ts  

a r e  u t i l i s e d  t o  a c h ie v e  e f f e c t i v e  e x t r a c t i o n .  Thus fo llo w in g  th e  

p e r io d  o f  e x tra c tio n *  v a r io u s  p r e l im in a r y  p u r i f i c a t i o n  p ro c e d u re s  a re
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F ig u re  5 : Radio-TIG  P r o f i l e '  o f  Samples a f t e r  Developm ent i n  S o lv e n t
System  (a )

Key: A = P la n t  E x t r a c t  No, 1

B = P la n t  E x t r a c t  No. 2

C = P la n t  E x t r a c t  No, 3

D = C o n tro l
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F ig u re  6 : Radio-TLG P r o f i l e  o f  Sam ples a f t e r  D evelo jm ent i n  S o lv en t
System  (b )

A = P la n t E x t r a c t No. 1

B = P la n t E x tr a c t No. 2

C = P la n t E x t r a c t No. 3

D = C o n tro l
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a p p l ie d  such  t h a t  th e  t o t a l  volume and  d ry  w eigh t o f  th e  sam ple i s  

re d u c e d  t o  a  c o n v e n ie n t s i z e .  T h is  i s  n o m a l ly  acco m p lish ed  by 

em ploying a  p ro c e d u re  s im i l a r  to  t h a t  o f  th e  p re v io u s  experim en t ( e .g .  

W hite e t  a l . . 1 9 7 3 ). I n  o rd e r  to  gauge th e  e f f e c t  o f  such  p ro c e d u re s  

on th e  d ry  w eig h t o f  p l a n t  e x t r a c t s ,  an  i n i t i a l  exp erim en t was d e s ig n e d  

w here t h r e e  b a tc h e s  o f  300 g ( f r e s h  w e ig h t)  o f  sh o o t t i s s u e  w ere 

h a r v e s te d  and  e x t r a c t e d  i n  3 1 o f  m e th a n o l; fo llo w in g  # i i c h  th e  

e x t r a c t s  w ere p u r i f i e d  as above. At t h e  co m p le tio n  o f  th e  a c id ic
è

- e t h e r  p a r t i t i o n i n g  s t a g e ,  each  sam ple was red u ce d  to  a  d ry  r e s id u e

and  t h e  w eigh t o f  t h i s  r e s id u e  was th e n  ta k e n  and  fo u n d  to  be 1,301 g ,

1 .9 6 7  g  and 1 .7 4 0  g ,  r e s p e c t iv e l y .  I n  a d d i t io n ,  i t  was n o te d  t h a t

fo llo w in g  th e  rem oval o f  m e th an o l from  th e  e x t r a c t ,  a  c o n s id e ra b le

amount o f  s o l i d  d e b r is  was p r e s e n t  i n  th e  aqueous r e s id u e ,  and on

a c i d i c - e t h e r  p a r t i t i o n i n g ,  t h i s  r e s id u e  was ta k e n  up in  th e  e th e r

l a y e r s .  A m ethod was th e n  so u g h t t o  overcome t h i s  e f f e c t  and th e re b y

re d u c e  th e  d ry  w e ig h t o f  th e  sam p le , w h i l s t  n o t u n d u ly  a f f e c t in g  th e

l e v e l s  o f  lAA p r e s e n t .

Two m ain  m ethods vrere in v e s t i g a t e d ;  ( i )  in t r o d u c t io n  o f  a

f i l t r a t i o n  s ta g e  to  remove th e  s o l i d  d e b r is  from  th e  aqueous f r a c t i o n ;

( i i )  i n t r o d u c t io n  o f  an a l k a l i - e t h e r  p a r t i t i o n .

I n  th e  f i r s t  s e r i e s  o f  t h r e e  s e p a r a te  e x p e r im e n ts , t h r e e  b a tc h e s

o f  300  g o f  sh o o t t i s s u e  w ere h a r v e s te d  and  e x t r a c te d  a s  d e s c r ib e d

p re v io u s ly .  F o llo w in g  t h i s ,  t h e  e x t r a c t s  w ere f i l t e r e d  an d  th e

m e th a n o lic  f r a c t i o n  c o l l e c t e d .  To t h i s  f r a c t i o n  was added  10 p i  o f  
14th e  [ C]-IAA s o lu t i o n .  The m e th a n o lic  e x t r a c t  was th e n  s u b je c te d  to  

P re l im in a ry  P u r i f i c a t i o n  m ethod I  (F ig u re  7 ) .  The aqueous f i l t r a t i o n  

s ta g e  c o n s i s te d  o f  re d u c in g  th e  e x t r a c t  t o  an aqueous r e s id u e  ^  vacuo 

and  th e n  f i l t e r i n g  t h i s  th ro u g h  ^Vhatman No. 3 p a p e r  by B üchner 

f i l t r a t i o n .  The f l a s k  w ith  th e  e x t r a c t  r e s id u e  was th e n  w ashed w ith  

30  m l o f  d i s t i l l e d  w a te r  w hich was th e n  f i l t e r e d .  T h is  w ashing
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F ig u re  7 ; S chem atic  R e p re s e n ta t io n  o f  M ethod I

T issu e  in  M ethanol

Add 10 p i  o f I F i l t e r

M ethanol E x t r a c t

Aqueous

;
leo

Reduce in  vacuo

F i l t e r

Aqueous

pH 3 -0  Aqueous

I
ed

+ 2NHC1

E th e r  P a r t i t i o n

Combined E th e r

Reduce in  vacuo

Dry F r a c t io n

D is c a rd  R esid u e

D isc a rd  R esid u e

D is c a rd  Aqueous

R e d isso lv e  in  M ethanol

M ethanol Iioctract

I
TLG



41

p ro c e d u re  was r e p e a te d  tw o more t im e s  fo llo w in g  w hich  th e  volum e o f  th e  

com bined aqueous f r a c t i o n  was a d ju s te d  to  300  m l w ith  d i s t i l l e d  w ater#  

T h is  aqueous f r a c t i o n  was th e n  a c i d i c - e t h e r  p a r t i t i o n e d  a s  d e s c r ib e d  

p r e v io u s ly ,  and  a f t e r  re d u c in g  th e  e t h e r  l a y e r s  to  d ry n e s s ,  th e  r e s id u e  

d ry  w eigh t was ta k e n .  A liq u o ts  w ere a l s o  ta k e n  and  th e  r a d i o a c t i v i t y  

a s s e s s e d  i n  o rd e r  t h a t  th e  amount o f  [^^C]-IAA p r e s e n t  a f t e r  each  s ta g e  

and  hence th e  fo e f f i c i e n c y  o f  re c o v e ry  o f lAA was d e te im in e d . T a b le  4 

shows th e  fo e f f i c i e n c y  o f  [^"^C]-IAA re c o v e ry , a s  g au g ed  by  l i q u i d
it

s c i n t i l l a t i o n  c o u n t in g ,  a t  each  s ta g e  a f t e r  c o r r e c t in g  f o r  sam pling  

l o s s e s ,  w ith  th e  f i n a l  d ry  w eigh t o f  th e  r e s id u e  o b ta in e d  from  each  

e x t r a c t .

The e f f e c t  o f  t h i s  m ethod on th e  d ry  w e ig h t o f  th e  f i n a l  sam ple was

o b v io u s ly  c o n s id e r a b le .  When com pared w ith  th e  r e s u l t s  o f  th e  p re v io u s

i n i t i a l  e x p e rim e n t, th e  d ry  w e ig h t was red u ce d  by  a  mean f a c t o r  o f

8 3 -4 ^  w h i l s t  a c h ie v in g  a  re c o v e ry  o f  [^^C]-IAA i n  e x c e ss  o f  ^0% ,

14A ra d io -T I /j  a n a ly s i s  o f  th e  re c o v e re d  [ C]-IAA was a l s o  c a r r i e d  

o u t by f i r s t  d i s s o lv in g  th e  d ry  r e s id u e ,  a f t e r  w e ig h in g , in  25 ml o f  

m ethano l and  th e n  ch ro m a to g rap h in g  a  sam ple o f  t h i s  (200 p i )  w i th  an 

a d ja c e n t sp o t o f  1 p i  o f  [^"^Cj-IAA s o lu t io n  on S i l  G TKÏ p l a t e s  i n  

m e th y l a c e ta t e  ; p ro p a n -2 -o l  : ammonia (45 : 33 : 20 ; v / v ) .  F o llo w in g

developm ent, t h e  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  on t h e  p l a t e s  was gauged  

u s in g  th e  rad io ch ro m ato g ram  s c a n n e r ,  and  th u s  th e  % p u r i t y  o f  t h e  [^^C] 

-lAA p re s e n t  i n  b o th  th e  s ta n d a r d  and sem ple was c a l c u la te d  as  d e s c r ib e d  

i n  th e  '^ M ate ria ls  and  M ethods” .

T ab le  5 shows th e  fo p u r i t y  o f  th e  [^^C]-IAA p r e s e n t  i n  eac h  sam ple 

a f t e r  t h i s  p r e l im in a r y  p u r i f i c a t i o n  p ro c e d u re . I t  i s  a p p a re n t t h a t  

l i t t l e  change o c c u r re d  in  th e  o v e r a l l  co m p o sitio n  o f  t h e  [^^C]-IAA 

d u r in g  t h i s  p ro c e d u re .

In  a  seco n d  s e r i e s  o f  e x p e r im e n ts , th r e e  b a tc h e s  o f  500 g o f  sh o o t 

t i s s u e  w ere s u b je c te d  t o  t h e  p ro c e d u re  o u t l in e d  i n  M ethod I I  (F ig u re  8)
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T ab le  4 ; E f f i c i e n c y  o f  p r e l im in a r y  p u r i f i c a t i o n

R e p l ic a te

A B 0

METHOD I

% e f f i c i e n c y  o f  f i l t r a t i o n  s ta g e 9 1 ,4 9 2 .9 9 2 .9

% e f f i c i e n c y  o f  a c id  p a r t i t i o n 9 2 .3 9 2 .2 90 .9

O v e ra ll  % e f f i c i e n c y 8 3 ,9 8 5 .2 83.1

Dry w t, o f  f i n a l  e x t r a c t  (g ) 0*298 0 .1 7 6 0 .2 8 5

METHOD I I

fo  e f f i c i e n c y  o f  f i l t r a t i o n  s ta g e 9 1 .4 9 9 .8 96.1

fo  e f f i c i e n c y  o f  a l k a l i  p a r t i t i o n 9 4 .4 91 .3 9 6 .2

fo  e f f i c i e n c y  o f  a c i d  p a r t i t i o n 9 6 ,9 9 7 ,7 8 9 .9

O v e ra ll fo  e f f i c i e n c y 8 3 .2 8 8 .6 8 2 .7

D ry w t, o f  f i n a l  e x t r a c t  (g ) 0 .1 5 6 0 .2 4 6 0 .3 4 2
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T ab le  5 : f  P u r i t y  and  Rf zones o f  [^^G]-IAA i n  s ta n d a r d  and  E x t r a c t
(M ethod l )

Rf zone o f  m ain  peak  i n  [^^C] 
-lAA s ta n d a r d

Rf zones o f  m in o r p eak s  i n  
["^^G]-IAA s ta n d a r d

R f zones o f  m in o r p eak s  i n  
E x t r a c t

% P u r i t y  o f  [^"^G]-IAA. s ta n d a r d

fo  P u r i ty  o f  ["’^G]-IAA i n  
E x t r a c t

E x o t. 1 E x p t. 2 E x p t. J .

0 . 2 3 - 0 . 3 3 0 . 2 2 -  0 .3 9 0 . 2 0 - 0 .3 0

0 . 1 9 - 0 .3 4 0 . 2 9 - 0 .3 9 0 . 1 8 - 0 .3 2

0 .4 2 - 0 .3 1
0 . 8 0 r  0 .8 2

0 .7 1  -  0 .8 4  
0 .41  -  0 .5 1

0 . 3 7 -  0 .4 3

0 . 0 4 - 0 . 0 8 - 0 . 0 7 -  0 .1 2

9 7 .9 6 9 6 .6 9 8 .3

97 .6 6 99 9 8 .3

T ab le  6 ; % P u r i t y  and  R f zones o f  [^^C]-IAA i n  s ta n d a r d  and e x t r a c t
(M ethod 2)

Rf zone o f  m a in  p e a k  i n  [^^C] 
-lAA s ta n d a r d

Rf zones o f  m in o r p e a k s  i n  
[14q]_ i ^  s ta n d a r d

Rf zones o f  m in o r  p eak s  i n  
E x t r a c t

fo  P u r i ty  o f  [^^C]-1AA s ta n d a rd

fo  P u r i t y  o f  i n
E x t r a c t

E x p t. 1 E x p t. 2 E x p t. 3

0 . 7 0 -  0 .8 5 0 . 4 2 - 0 . 5 3 0 . 7 1 - 0 . 8 2

0 . 6 6 - 0 .8 2 0 , 4 0 -  0 .3 4 0 . 7 3 - 0 . 8 2

0 . 8 3 - 0 .9 4 0 . 8 0 -  0 .71 0 . 4 4 -  0 .3 1

0 . 8 8 - 0 .9 9 0 . 1 8 - 0 .3 0 0 . 4 2 - 0 . 4 8

9 7 .8 9 6 .3 9 3 .6

9 3 .8 9 3 .9 8 8 .9
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Ki;j;ure d : o c iiea ia tic  H ep rey en ta tio r i o f  Method I I
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a f t e r  e x t r a c t i o n  in  3 1 o f  m e th a n o l. T h is  p ro ced u re  d i f f e r e d  from  

Method I  i n  t h a t  an a l k a l i - e t h e r  p a r t i t i o n  s ta g e  had  been  in t ro d u c e d  

a f t e r  th e  f i l t r a t i o n  s ta g e  and  p r i o r  to  th e  a c i d i c - e t h e r  p a r t i t i o n i n g .

The a l k a l i - e t h e r  p a r t i t i o n  was perfo rm ed  by  a l t e r i n g  t h e  pH o f  

th e  aqueous s o lu t i o n  to  8 .0 .  . T h is  a l k a l in e  aqueous f r a c t i o n  was 

th e n  p a r t i t i o n e d  th r e e  t im e s  a g a in s t  an  e q u a l volume o f  d i e t h y l - e t h e r .

The com bined e t h e r  l a y e r s  w ere th e n  re-w ashed  w ith  100 ml o f  d i s t i l l e d  

w a te r ,  fo l lo w in g  w hich  ,th e  e t h e r  la y e r s  w ere d is c a rd e d .  The com bined 

aqueous l a y e r s  w ere th e n  s u b je c te d  to  a c i d i c - e t h e r  p a r t i t i o n i n g  a s  

p re v io u s ly  d e s c r ib e d ,  ex ce p t t h a t  a  ^  volume o f  e th e r  was u s e d  f o r  

each  p a r t i t i o n .  The d ry  w e ig h t ,  fo  re c o v e ry  o f  each  s t a g e ,  and  th e  

fo  p u r i t y  o f  th e  [^^0]-IA A  re m a in in g  was c a l c u la te d  a s  d e s c r ib e d  f o r  

M ethod I ,

T ab le  4 shows t h e  fo  r e c o v e ry  o f  lAA. a t  each  s ta g e  o f  M ethod I I

a f t e r  c o r r e c t io n  f o r  sam p lin g  l o s s e s ,  and  th e  f i n a l  d ry  w eigh t o f  eac h

14r e s id u e .  The fo r e c o v e ry  o f  [ C]-IAA in v o lv in g  th e  a c i d i c - e t h e r

p a r t i t i o n i n g  and  f i l t r a t i o n  s ta g e s  w ere found  t o  be s im i la r  to  th o s e

o b ta in e d  f o r  M ethod I j  i n  a d d i t i o n ,  th e  in t r o d u c t io n  o f th e  a l k a l i - e t  h e r

p a r t i t i o n  d id  n o t have  a  s i g n i f i c a n t  e f f e c t  on th e  o v e r a l l  e f f i c i e n c y

14o f th e  m ethod. B o th  m ethods h ad  re c o v e ry  r a t e s  o f [ Cj-IAA i n  e x c e ss  

o f  80^. The fo  re c o v e ry  o f  th e  a l k a l i - e t h e r  p a r t i t i o n  was fo u n d  t o  b e  

g r e a t e r  th a n  90%.

The d ry  w e ig h t o f  th e  r e s id u e  re c o v e re d  ran g ed  from  0 .1 5  to  0 .5 4  g ,  

and  when com pared t o  th e  d ry  w e ig h ts  o b ta in e d  w ith  M ethod I ,  was n o t 

deemed to  be  s i g n i f i c a n t l y  d i f f e r e n t .

The ra d io -T I /ï  a n a ly s i s  r e s u l t s  a r e  shown i n  T ab le  6 , and d e m o n s tra te d  

t h a t  by  u s in g  M ethod I I ,  t h e  fo p u r i t y  o f  [^^C]-IAA i n  th e  sam ple was 

lo w ered  from  an  i n i t i a l  v a lu e  o f  95-98% to  a  f i n a l  v a lu e  o f  89-94%.

I n  summary, th e  in t r o d u c t i o n  o f  an aqueous f i l t r a t i o n  s te p  i n to  

th e  p r e l im in a ry  p u r i f i c a t i o n  p ro c e d u re  o f  P . v u lg a r i s  sh o o t e x t r a c t s
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r e s u l t e d  i n  th e  lo w erin g  o f  t h e  r e s id u e  d ry  w e ig h t by a mean f a c t o r  o f  

85%; on t h e  o th e r  hand , th e  i n t r o d u c t i o n  o f an  a l k a l i - e t h e r  p a r t i t i o n  

had  l i t t l e  e f f e c t  on t h i s  w e ig h t . I t  was d e c id e d , t h e r e f o r e ,  t h a t  when 

e x t r a c t s  a r e  to  b e  p u r i f i e d  f o r  a n a l y s i s ,  M ethod I  w ould be u s e d  a s  a  

r o u t in e  p r e l im in a r y  p u r i f i c a t i o n  p ro c e d u re  p r i o r  t o  ch ro m ato g rap h y ,

( 2 ) Column C hrom atography

U sing  th e  p u r i f i c a t i o n  p ro c e d u re  o f  M ethod I ,  i t  was d e m o n stra te d  

t h a t  a  d ry  w e ig h t r e s id u e  o f  0 ,2  t o  0 ,3  g can  be o b ta in e d  frcm  500 g o f  

P . v u lg a r i s  sh o o t t i s s u e .  On th e  b a s i s  o f  TLC a n a l y s i s ,  th e  m ain 

com ponents o f  t h i s  r e s id u e  w ere th e  p la n t  p ig m en ts  w ith  l i t t l e  o th e r  

m a te r i a l  b e in g  p r e s e n t .  W ith t h i s  i n  m ind , s e v e r a l  colum n chrom ato­

g ra p h ic  sy s tem s  w ere t e s t e d  t o  a s s e s s  t h e i r  r e l a t i v e  e f f e c t iv e n e s s  i n  

e l im in a t in g  th e  p ig m en ts  from  th e  lA A -c o n ta in in g  f r a c t i o n s .  The 

p ro c e d u re  by  w hich  t h i s  was d e te im in e d  i s  d e s c r ib e d  i n  M a te r ia ls  and  

M ethods, p a r t  5 (& ).

The colum n sy stem s u t i l i s e d  were a s  f o l lo w s ;

(a ) Sephadex IH20

Two e lu e n ts  w ere an p lo y ed , nam ely m e th an o l and  80% m eth an o l i n  

w a te r ,

(A i) Sephadex IH20 w ith  m e th a n o l.

T h is  colum n was p re p a re d  by  ad d in g  35 g o f  Sephadex IH20 to  3OO ml 

o f  m e th an o l and a l lo w in g  th e  S ephadex  t o  s w e ll  f o r  3 h .  E xcess m e th an o l 

was th e n  p o u re d  o f f  u n t i l  a  f a i r l y  t h i c k  s l u r r y  was o b ta in e d .  T h is  was 

th e n  p o u re d  c a r e f u l l y  in t o  a  P harm ac ia  K25/45 colum n ( i n t e r n a l  d ia m e te r  

25 mm, l e n g th  45 cm ). A f te r  p o u r in g ,  an  e lu e n t  r e s e r v o i r  was c o n n e c te d  

t o  th e  colum n and  th e  f lo w  o f  t h e  e lu e n t  s t a r t e d  im m e d ia te ly , th e  h e ig h t  

o f  th e  e lu e n t  r e s e r v o i r  w ith  r e s p e c t  to  t h e  colum n b e in g  f i r s t  a d ju s te d  

to  e n su re  a  m in im al p r e s s u r e  on th e  Sephadex g e l ,  w h i l s t  n o t i n h i b i t i n g  

th e  flo w  o f  th e  sy stem  to o  a d v e r s e ly .  By t h i s  m ethod an  even  "bed" 

s u r f a c e  o f  th e  g e l  was a c h ie v e d .
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The e lu e n t  was a llo w e d  t o  flo w  f o r  a t  l e a s t  one h o u r  b e f o r e  th e  p la n t

e x t r a c t  and w ere  a p p l ie d  t o  th e  colum n. A f te r  a p p l i c a t i o n ,

th e  column e l u a t e ,  a t  a  f lo w  r a t e  o f 0 .3 7  m l m in , was th e n  c o l l e c t e d

i n  2 m l f r a c t i o n s  from  th e  column whose ’HDed" volum e was 140 m l. The

14e l u t io n  p r o f i l e  o f  th e  [ Cj-IAA and th e  p la n t  p ig m en ts  was th e n

d e te rm in e d  (F ig u re  9)*

The e l u t i o n  o f  [^^C ]-IA A  from  th e  column was found  t o  c o in c id e  w ith

a  p igm ent p e a k ; s i n c e ' t h e s e  e l u te d  peaks had  ap p ro x im ate  G au ssian

p r o f i l e s ,  th e  r e s o l u t i o n  be tw een  th e  [^"^Cj-IAA and  th e  seco n d  p ig n e n t

zone was c a l c u l a t e d  and fo u n d  to  be 0 ,15* The re c o v e ry  o f th e  [^^O]

-lAA from  t h i s  colum n sy stem  was found  to  be  83*5%.

(A ii)  Sephadex IH20 w ith  80% M ethanol

The m ethods em ployed i n  th e  p r e p a ra t io n  and u s e  o f  t h i s  colum n

w ere e x a c t ly  th e  same a s  t h a t  d e s c r ib e d  f o r  sy stem  (A i) w ith  th e  obv ious

change in  s o lv e n t  c o n s t i t u t i o n .  S p e c i f i c a t io r s  o f  th e  column w ere

s l i g h t l y  d i f f e r e n t ,  how ever, i n  t h a t  2 ml e lu a te  f r a c t i o n s  w ere  c o l l e c t e d

from  th e  colum n whose "bed" volum e was 156 m l, a t  a  f lo w  r a t e  o f  0=38 

*** 1ml min .
14-

From th e  e l u t i o n  p r o f i l e  o b ta in e d  o f  th e  [ C]-IAA and p la n t  

p ig m en ts  (F ig u re  10) i t  was a p p a re n t t h a t  by  h a v in g  a l t e r e d  th e  com­

p o s i t i o n  o f  th e  m o b ile  p h a se  from  system  (A i) ,  an  enhanced  r e s o l u t i o n  

betw een th e  lAA an d  p igm en t zones o c c u rre d . The r e s o lu t io n  i n  t h i s  

c a s e  was found  to  b e  1 .2 1 .

(B) D ie th y la m in o e th y l-G e l lu lo s e .

The DEAE c e l l u l o s e  (DEI o r  DE23) was s u p p lie d  a s  a  d ry  m a t e r i a l .

I t  was p r e p a r e d  f o r  u s e  b y  s e q u e n t i a l l y  w ashing 15 g b a tc h e s  i n  2 1 o f  

0 ,5  N HCl f o r  10 m in s , rem oving  th e  a c id  and re -w a sh in g  th e  c e l l u lo s e  

in  2 1 a l i q u o t s  o f  d i s t i l l e d  w a te r  u n t i l  an in te im e d ia te  pH o f  4  o r  

g r e a t e r  was o b ta in e d .  T h is  p ro c e d u re  was r e p e a te d  w ith  s u b s t i t u t i o n  

o f  th e  a c i d  wash by  a  w ash i n  2 1 o f  0 ,5  N NaOH s o lu t io n ;  th e  f i n a l
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F ig u re  9 : E lu t io n  P r o f i l e s  from  colum n o f Sephadex LH20 and M ethanol

Key: A ~ DPM

A = OD 450 nm

V = OD 660 nm

T  = OD 670 nm
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F ig u re  1 0 ; E lu t io n  P r o f i l e s  from  colum n o f  Sephadex LH20 and dOfo 
M ethanol

Key; A = D m

A  = OD 450 nm

V = OD 660 nm

V  = OD 670 nm
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pH o f  th e  s o lu t io n  a f t e r  d i s t i l l e d  w ater r in s in g  was 6 = 5 to  7<>5

F o llo w in g  t h i s  p r e - t r e a tm e n t ,  th e  c e l l u lo s e  i n  w a te r  su sp e n s io n  was 

p ou red  in to  a column ( i n t e r n a l  d ia m e te r  1 .8  cm, h e ig h t  40 cm; w ith  

i n t e g r a l  s i n t e r  o v e r la id  h y  a  2 cm l a y e r  o f  g l a s s  b ead s  o f  mesh s i z e  

40) and a llo w ed  to  com pact u n t i l  th e  b ed  h e ig h t was ^0 cm.

A f te r  th e  a p p l i c a t io n  o f t h e  [^^C]-IAA and th e  p la n t  e x t r a c t  to  th e  

colum n, t h r e e  e lu e n ts  w ere a p p l ie d  i n  s u c c e s s io n .  F i r s t l y ,  j)00 ml o f  

d i s t i l l e d  v /a te r ,  s e c o n d ly , 350  m l o f  0 .0 5  M Na^SO^ s o lu t i o n ,  and  f i n a l l y ,  

200 ml o f  d i s t i l l e d  w a te r .  A f te r  th e  f lo w  o f  th e  column was commenced, 

th e  e lu a te  was c o l l e c t e d  i n  3 nil f r a c t i o n s  and th e  e l u t io n  p r o f i l e  o f  

th e  [^^C]-1AA and th e  p la n t  p ig m e n ts  was d e te rm in e d .

U sing  t h i s  colum n sy s te m , no p la n t  p igm en ts  w ere d e te c te d  in  any o f  

t h e  e l u t io n  f r a c t i o n s .  M oreover, th e  [^^C]-IAA was found  to  b e  e lu te d  

a s  a  s in g le  peak  betw een  325 and  500  m l.

T h is  exp erim en t was r e p e a te d  on two f u r t h e r  o c c a s io n s  w ith  s im i l a r  

e l u t i o n  p r o f i l e s  o f  [^^C]-IAA b e in g  o b ta in e d .  The fo r e c o v e ry  o f  th e  

[^^C]-IAA from  t h i s  sy stem  was fo u n d  to  b e  98.3%> 8 9 .7 ^  and  95»7^  »

-c.

(C) P o ly v in y lp y r ro l id o n e ,

P o ly c la r  AT i s  an in s o lu b le  fo im  o f  p o ly -N -v in y l  p y r ro l id o n e  (PVP). 

The PVP was p re p a re d  by m ix ing  20 g o f  P o ly c la r  AT i n  f i v e  t im e s  th e  

volume o f  d i s t i l l e d  w a te r ,  le a v in g  th e  s u sp e n s io n  to  s e t t l e  f o r  15 m in , 

a f t e r  w hich th e  e x c e ss  w a te r  was th e n  d e c a n te d . T h is  p ro ced u re  was 

r e p e a te d  two more t im e s  w ith  d i s t i l l e d  w a te r  and th e n  w ith  0.1 M 

p h o sp h a te  b u f f e r  o f  pH 8 ,0 ,  t h e  p u rp o se  o f  t h i s  w ashing  p ro c e d u re  b e in g  

th e  rem oval o f  f i n e  m a te r ia l  from  t h e  PVP. F o llo w in g  th e  f i n a l  

d é c a n ta t io n ,  th e  s l u r r y  was p o u re d  i n t o  a  column ( i n t e r n a l  d ia m e te r

2 ,0  cm w ith  s i n t e r  o v e r la id  by a  1 cm la y e r  o f  g la s s  b ead s)  u n t i l  th e  

column h e ig h t  was 20 cm.

A f te r  th e  a p p l i c a t io n  o f  th e  p l a n t  e x t r a c t  and [ ‘̂ ^C]-IAA, th e
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column was e l u t e d  w ith  th e  Ç d  M p h o sp h a te  b u f f e r  a t  a  f lo w  r a t e  o f  

I 089 ml min  ̂ , and  th e  e l u t i o n  p r o f i l e s  and fo  r e c o v e ry  o f  [^^C]-IA A  

w ere c a l c u l a t e d .  T h is  exp erim en t was r e p e a te d  on two o th e r  o c c a s io n s ,  

w ith  s im i l a r  e l u t i o n  p r o f i l e s i l n  each  experim en tY being  o b t a i n e d  The 

fo  re c o v e ry  o f  ["^^G]-IAA i n  t h e s e  e x p e rim e n t^ ^ P ^ ^ ^ ^ ^ ^ ^ ^ e in g  o b ta in e d ^ g ^ ^  

r e s p e c t iv e l y .  F ig u re  11 shows th e  e lu t io n  p r o f i l e  o f  t h e  f i r s t  

ex p e rim en t.

The e l u t i o n  o f  tl^e [^^C]-IAA from  t h i s  sy stem  was s e e n  to  o c c u r  a s  

a  s in g le  p eak  b e tw ee n  96- 1&5 m l, w ith  th e  pigpient z o n e , s i m i l a r l y  b e in g  

e lu te d  a s  a  s i n g l e  p e a k , betw een  1 3 -  70 ml ; th e  r e s o l u t i o n  i n  t h i s  

c a se  b e in g  2 . 6 3 .

I n  summary, f o u r  colum n system s w ere t e s t e d  in  o r d e r  to  gauge t h e i r  

r e l a t i v e  e f f e c t iv e n e s s  in  s e p a r a t in g  lAA -  p re s e n t  a s  [^^C]-LAA -  from  

th e  p ig m en ts  c o n ta in e d  in  p l a n t  e x t r a c t s .  Of th e  s y s t m s  t e s t e d ,

DEAE c e l l u l o s e  c o m p le te ly  ab so rb e d  a l l  th e  p la n t  p ig m e n ts  w h i l s t  

e x h ib i t in g  h ig h  re c o v e ry  r a t e s  o f  lAA. PVP gave h ig h ly  e f f e c t i v e  

r e s o lu t io n  be tw een  th e  p igm ent zones and th e  lAA, w h i l s t  Sephadex 1H20 

and  80^  m e th a n o l a c h ie v e d  some d eg ree  o f  r e s o lu t io n .  Sephadex  IH20 

u se d  o n ly  w i th  m e th an o l was found  to  b e  i n e f f e c t i v e  w i th  a lm ost t o t a l  

o v e r la p  b e tw een  th e  p ig m en ts  and  lAA,

( 3 ) T h in -L a y e r  C hrom atography

TLC i s  oA en u s e d  to  p u r i f y  p la n t  e x t r a c t s  f o r  lAA ( s e e  I n t r o d u c t io n ) ,  

However, i t  s u f f e r s  from  th e  d is a d v a n ta g e  o f  h av in g  a  low  sem ple c a p a c i ty  

when com pared t o  colum n chrom atography  (S nyder an d  K irk la n d ,  1974r) ; th u s  

TLC n o rm a lly  fo l lo w s  p r e l im in a ry  p u r i f i c a t i o n  and  colum n ch rom atog raphy  

p ro c e d u re s .  F o r  th e  a n a ly s i s  o f  lAA i n  p la n t  e x t r a c t s ,  many s o lv e n t  

sy stem s have b een  d e s c r ib e d  ( e .g .  G ibson , S ch n e id e r and  W ightman, 1972; 

S ta h l ,  1965 ) .  Hence an  a tte m p t was made t o  d e te rm in e  th e  r e l a t i v e  

e f f e c t iv e n e s s  o f  c e r t a i n  s o lv e n t  sy stem s t o  s e p a r a te  lAA from  th e  

p ig m en ts  p r e s e n t  i n  t h e  p la n t  e x t r a c t s  by d e v e lo p in g  a l l  t h e  TLG s o lv e n t
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Fngure_1_1_: E lu t io n  P r o f i l e s  .from colum n o f  PVP

Key: . DHÆ

Y =  OD 430  nm 

O = OD 660  nm 

A =  OD 670  nm
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system s under standard  c o n d it io n s  (M a ter ia ls  and M ethods, p art 3 ( b ) ) .

The so lv e n t  system s employed are shown in  Table 7» w ith  s o lv e n t  

system s Nos. 1 - 7  b e in g  u sed  on b oth  c e l lu lo s e  and s i l i c a  g e l  TLC 

p la t e s ,  w h ils t  s o lv e n t  system s 8 - 1 7  were used  o n ly  on s i l i c a  g e l  

p la t e s .

T ab le  7 : TLC s o lv e n t sy s tm is

1 . P ro p a n -2 -o l:a m m o n ia :w a te r  (8 :1  : i )  (v /v )

2. n - B u ta n o l : a c e t i c  a c id :w a te r  ( l 2 : 3 î5 )  (v /v )

3 . n - B u ta n o l :a c e t i c  a c id :w a te r  ( 3 :1 :2 ,2 )  (v /v )

4o P ro p a n -2 - o l;a m m o n ia :w a te r  ( l O : l : l )  (v /v )

3 . n - B u ta n o l :p y r id in e :w a te r  ( l : 1 : l )  (v /v )

6 , P ro p an - 2- o l  : ammonia :w at e r  (1 0 0 :3 :1 0 )  (v /v )

7 , 6^  Sodium c h l o r i d e  s o lu t i o n

8 , Benzene : ac  e t  one :p y r id in e  (6 0 :3 9 :1 )  (v /v )

9* M ethy l a c e t a t e : p r o p a n - 2 - o l : 23^ ammonia (a q . ) (4 3 :3 5 :2 0 )
(v /v )

10. C h lo ro fo rm ;m e th a n o l:w a te r  (4 3 :3 5 :2 0 )  (v /v )

11. C h loroform  :m eth an o l : ammonia (8 0 :2 3 :0 .1  ) (v /v )

12. C h lo ro fo rm :a c e tic  a c id  (9553) (v /v )

13. B e n z e n e ;m e th a n o l;a c e tic  a c i d  (9 0 :1 6 :8 )  (v /v )

14. P ro p a n -2 - o l : e t h y l  a c e t a t e :w a te r  (2 4 :6 3 :1 1 )  (v /v )

15* C hloroform  : e t h y l  a c e ta t e : f o r m ic  a c id  ( 3 :4 :1 )  (v /v )

16 . C h lo ro fo rm :m e th a n o l:a c e t ic  a c id  (9 0 :2 0 :3 )  (v /v )

17. E th y l  a c e ta t e ;m e th y l  e th y l  k e to n e :fo rm ic  a c id :w a te r  
( 3 :3 :3 :1 )  (v /v )

Of th e  sy s te m s  t e s t e d ,  o n ly  f i v e  w ere fo u n d  to  b e  o f s i g n i f i c a n t  u s e  

i n  s e p a ra t in g  XAA from  th e  p l a n t  e x t r a c t  com ponents; th e s e  a re  shown i n  

T ab le  8 , w ith  t h e i r  r e s p e c t iv e  R f v a lu e s ;  a l l  u s e d  s i l i c a  g e l  a s  t h e  

su p p o rt medium.
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T ab le  8 ; Rf V alues and fo  R ecovery  o f  LAA from  
S i l  G-TLC P la t e s  i n  3 S o lv e n t System s

Mean ^  R ecovery  o f
S o lv e n t System  Mean R f V alue ['^^d^IA A ______

6 0 .2 4 -0 .3 3 Mean ^  R ecovery  o f
7 0 .4 4 -0 .6 3  [14ç]&iAA

9 0 .3 2 -0 .4 2  7 4 .5

11 0 .0 1 -0 .0 8  6 7 .7

4 b . 2 5 -0 .3 4  7 1 .2

The re c o v e ry  o f  th e  lAA from  th e  TLG p l a t e s  a f t e r  d evelopm en t, i n

th e s e  f i v e  sy s te m s , was d e te rm in e d  by  ch ro m a to g rap h in g  t h r e e  a l i q u o t s  o f

[^^C]-IAA ( c i r c a  10^ dpm) w ith  a d ja c e n t  r e f e r e n c e  s p o ts  o f  400 ng o f  LAA.

A f te r  developm ent i n  t h e  a p p r o p r ia te  s o lv e n t  s y s te m s , th e  p o s i t i o n  o f

th e  r e f e r e n c e  s p o ts  o f  lAA was n o te d  by  exam ining  th e  p l a t e s  u n d e r  UV^^^

l i g h t .  The Rf zone e q u iv a le n t  to  t h i s  i n  th e  sem ple c o n ta in in g  th e  

14[ C]-IAA was th e n  rem oved, e l u t e d  w ith  23 ml o f  m e th a n o l and th e  

m e th an o l was rem oved v a c u o . fo l lo w in g  w hich th e  dpm o f  th e  r e s id u e  

was ta k e n .  The mean fo  re c o v e ry  o f  LAA from  th e  TLG p l a t e s  u s in g  th e s e  

s o lv e n t  sy stem s was th e n  c a l c u l a t e d  (T ab le  8 ) .

T hus, o f  th e  17 s o lv e n t sy stem s t e s t e d ,  o n ly  f i v e  w ere found  t o  b e  

e f f e c t iv e  i n  s e p a r a t in g  lAA from  th e  m ain com ponents o f  p l a n t  e x t r a c t s ,  

and o f  th e s e  sy s te m s , f o u r  e x h ib i te d  a  p e rc e n ta g e  re c o v e ry  v a lu e  o f  lAA 

i n  e x c e ss  o f  60/^. The h ig h e s t  d eg ree  o f  re c o v e ry  o f  LAA from  s i l i c a  

g e l p l a t e s  was th o s e  p l a t e s  t h a t  h ad  b een  d ev e lo p ed  i n  s o lv e n t  system  9#

(4 ) G a s -L iq u id  C hrom atography and  Mass S p e c tro m e try

In  com pariso n  w ith  TLG, r e s o l u t i o n  u s in g  GLC i s  g r e a t e r ,  b u t s a n p le  

c a p a c i ty  i s  sm a lle ro  M oreover, many s u b s ta n c e s  can n o t be  r o u t i n e ly  

s u b je c te d  to  GLC w ith o u t c o n v e rs io n  t o  a  s u i t a b l y  s t a b l e  d e r iv a t iv e  

( î)ro zd , 1975 ) .  The fo llo w in g  s e r i e s  o f  e x p e r im e n ts  d e s c r ib e  th e  

m ethods t h a t  w ere u se d  to  d é r iv â t  i s  e LAA f o r  GLC s t u d i e s ,  w ith  th e
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i n t e n t i o n  o f  o n p lo y in g  th e s e  üiethocLs t o  p u r i f y  XAA i n  p la n t  e x t r a c t  

sam ples p r i o r  t o  a n a l y s i s .  I n  a d d i t io n ,  mass s p e c tro m e try  h a s  b een  

u se d  t o  c h a r a c t e r i s e  th e  v a r io u s  d e r iv a t iv e s  o f  lAA t h a t  w ere prepared®

(a )  GLC o f  F re e  lAA -  A lthough  th e  GC o f  f r e e  o r  u n d e r iv a t i s e d  

p o la r  compounds i s  u s u a l l y  u n s a t i s f a c to r y  (D rozd, 1 9 7 5 ), t h e  s u c c e s s f u l  

GLC o f  f r e e  lAA h a s  b e e n  c la im e d  by Cham pault ( l9 7 5 )  on colum ns o f  y/o 

DG-11 a t  an  oven te m p e ra tu re  o f  l 60^G. U nder th e s e  c o n d i t io n s ,  on 

in j e c t i o n  o f  f r e e  lAA, he  o b ta in e d  a  GO p eak  w ith  a o f  6 m in 13 sec*  

S in ce  DC-11 i s  a  m e th y l s i l i c o n e  s t a t i o n a r y  p hase  w ith  a  s im i l a r  

s e l e c t i v i t y  t o  th e  ^OQfo m e th y l s i l i c o n e  s t a t i o n a r y  p h a se s  OV-101 , OV-1 

and  SE-3 0  (A nalabs C a ta lo g  I 8 , 1 9 7 6 ), i t  w ould a p p e a r  t h a t  t h e  GC o f  

f r e e  lAA can  b e  s u c c e s s f u l  on a  n o n -p o la r  s t a t i o n a r y  p h a s e .  Thus an 

i n i t i a l  ex p erim en t was u n d e r ta k e n  t o  d e te rm in e  w h e th e r u n d e r iv a t i s e d  lAA 

can  be  s u c c e s s f u l ly  ch ro m ato g rap h ed  on s t a t i o n a r y  p h a se  OV-101.

The sam p les  s u b je c te d  t o  GIL w ere ( i )  lAA (lO  mg) i n  m e th an o l 

(800 p i ) ;  ( i i )  lAA (10  mg) i n  BSA (800 p i ) ,  m ixed  p r i o r  t o  i n j e c t i o n .  

S o lv en t b la n k s  o f  m e th a n o l and  BSA w ere a l s o  i n j e c t e d .  The GC con­

d i t i o n s  w e re :-

coluran: 3^  OV-10 1 , GCQ ( 1OO-120 ) ;  9 f t  g l a s s

oven tem p: (A) TP from  135° t o  247°C a t  6° rain ^

a f t e r  2 m in

( b ) 200°C

c a r r i e r  g a s :  a t  70 ml min ^

d e t e c to r ;  PID

The p eak s  o b s e rv e d  on th e  i n j e c t i o n  o f  th e  two sam ples a r e

e x p re s se d  i n  te rm s  o f  T^ and  p eak  a r e a  (PA) i n  T ab le  9*

F o llo w in g  b o th  th e  i n i t i a l  i n j e c t i o n s o f  sem ple ( i ) ,  tw o p eak s  w ere

n o te d ; w h i l s t  an  i n j e c t i o n  o f  m e th an o l f a i l e d  t o  g iv e  r i s e  to  s im i l a r

'p eak s . H ow ever, when BSA was su b se q u e n tly  i n j e c t e d ,  a  l a r g e  peak  w ith

a  Tp o f  7 .7  m in  a t  200°C was d e te c te d .  At f i r s t  t h i s  compound gave an
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T ab le  9 : ,  GC o f  lAA on OV-101 

Peak No 1

Sample Oven
tem p. (m in)

PA
(cm2)

%
.(min),

PA

.(m î) .

3 p i o f sam ple ( i ) A 2o1 0 ,2 4 .3 0 ,1 2

3 p i o f sam ple ( i ) A 2®1 Oo2 4o3 0 .1 0

3 p i o f m e th an o l A - - - -

3 p i o f m e th an o l B - - - -

3 p i o f BSA B 7 .7 OS - -

3 p i o f BSA B 7 .6 OS - -

3 p i o f BSA B 7 .7 4 ,3 9 - -

3 P l o f BSA B 7 .7 1 .4 8 - -

3 p i o f BSA B 7 .7 0 .9 6 - -

3 p l o f BSA B 7 .7 0 .7 8 - -

8 p l o f BSA B 7o7 1 .7 5 - -

1 p l o f sam ple ( i i ) B 7 .7 3 .9 - -

3 p l o f BSA B 7 .7 1 .5 4 - -

3 p l o f sam ple ( i ) B - - - -

3 p l o f BSA B 7 .7 OS —

o f f - s c a l e  r e s p o n s e  (OS) b u t on r e p e a te d  i n j e c t i o n s  o f  BSA th e  re sp o n se  

f e l l  u n t i l  o n ly  a  sm a ll amount c o u ld  b e  d e te c te d .  I t  was su rm ise d  t h a t  

t h i s  compound a ro s e  as  a  r e s u l t  o f  on-colum n d é r i v â t i s a t i o n  o f  lAA, 

p r e v io u s ly  d e p o s i te d  on th e  column d u r in g  th e  GLC o f sam ple ( i ) ,  by  th e  

BSA, Thus a  f r e s h l y  p re p a re d  a l iq u o t  o f  BSA and lAA (sam ple  ( i i ) )  was 

i n j e c t e d ,  and  t h i s  y ie ld e d  a  p eak  w ith  e q u iv a le n t  T^ t o  t h a t  p r e v io u s ly  

fo u n d  w ith  BSA a lo n e ,  b u t  w ith  a  l a r g e r  re s p o n s e . T h is  o b s e rv a t io n  

su p p o r ts  th e  v iew  t h a t  t h e  compound d e te c te d  on th e  i n j e c t i o n  o f  BSA 

a f t e r  t h a t  o f  f r e e  lAA, was due t o  on-colum n s i i j â a t io n  o f  th e  f r e e  lAA,
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I n  o rd e r  to  c o n f irm  t h i s ,  f r e s h  i n j e c t i o n s  o f  sam ple ( i )  and. th e n  BSA 

w ere c a r r ie d , o u t r e s u l t i n g  i n  a  compound w ith  e q u iv a le n t  t o  t h a t  o f 

a  f r e s h ly  p re p a re d  sam ple o f  lAA an d  BSA, I t  i s  co n c lu d e d  th e r e f o r e ,  

t h a t  th e  GG o f  f r e e  lAA on OV-101 colum ns i s  u n s u i t a b le .  N e v e r th e le s s ,  

o th e r  n o n -p o la r  m e th y l s i l i c o n e  s t a t i o n a r y  p h ases  may be s u c c e s s f u l .

Thus i n  th e  f o l lo w in g  ex p erim en t th e  e q u iv a le n t  s t a t i o n a r y  p h ase  o f  

SE- 30 was u se d  t o  a t te m p t th e  GG o f  f r e e  XAA,

Two sam ples f o r  t h i s  experim en t w ere p re p a re d ;  ( i )  lAA ( 10 mg) in  

m ethano l (800 p l )  ; ( i i )  lAA (10  mg) in  BSA ( 8OO p l )  a f t e r  r e a c t in g  f o r  

2 h  a t  60^C. The GG c o n d i t io n s  w ere a s  f o l lo w s : -

co lum n: yfo SE-3 0 , GCQ ( 1OO-120 ) ;  5 f t  g l a s s

oven tem p . : 223 C

. - 1c a r r i e r  g a s ;  N^ a t  60 ml rain 

d e t e c to r ;  FID

The p eak s  o b ta in e d  a r e  d e s c r ib e d  i n  te im s  o f  T ^ , p eak  w id th  (PV/) 

and p eak  h e ig h t  (PA) i n  T ab le  10,

T ab le  1 0 : GG o f  lAA on SE-3 0

Peak D e s c r ip t io n

Sample 

0*3  p l  o f  sam ple ( i i )

3 p l  o f  BSA 

3 p l  o f  sam ple  ( i )

3 p l  o f  sam ple ( i )

3  p l  o f  BSA

3 p l  o f  m e th an o l

3 p l  o f  sam ple ( i )
»

1 p l  o f  sam ple ( i i )  

1 ,3  p l  o f  sam ple ( i i )

Tp(m in)

2 ,4
3 .0

0 .9 5
2 .8

0 .9
2 ,8

0 .9
2,8
2 .4
3 .0

2 .4
3 .0

0 .2 5
0 .4

0 .4
1 .9

0 .4
1 . 9

0 .3 5
1 . 8

0 .3
0 .4

0 .3
0 .4

(cm)

1 . 8
8 .9

7 .0
2 3 .2

6.0  
2 3 .0

3 .0  
18.0

3 .0
1 7 .8

7 .0  
OS
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The GLC o f  th e  sam ple o f  th e  lA k  i n  BSA a f t e r  r e a c t io n  f o r  2 h  a t
o.

60 C p ro v id e d  two p eaks w ith  r e s p e c t iv e  T^ v a lu e s  o f  2o4 and  3*0 m in , 

th e  second peak  h a v in g  th e  l a r g e r  re s p o n s e .  When a  sam ple o f  f r e e  lAA. 

was i n j e c t e d ,  two p eak s w ere a l s o  n o te d ,  a l th o u g h  t h e i r  v a lu e s  i n  t h i s  

c a s e  were 0 ,4  and m in . I n  a d d i t i o n ,  th e  re s p o n se  o f  t h e  seco n d  

compound i n  te rm s  o f peak  w id th  was t h r e e  t o  f o u r  t im e s  t h a t  o f  t h e  

f i r s t .  S ubsequen t i n j e c t i o n s  o f  BSA o r  m e th an o l d id  n o t r e v e a l  any 

compounds o th e r  th a n  th e  s o lv e n t  f r o n t .  Thus th e  GLG o f  f r e e  lAA, i n  

t h i s  c a s e ,  p ro v e d  s u c c e s s f u l .  H owever, th e  peak  w id th  o f  th e  seco n d  

compound p r e s e n t  i n  th e  f r e e  lAA sam ple was s e v e r a l  tim e s  l a r g e r  th a n  

t h a t  o f  sam ple ( i i ) ,  even when s i m i l a r  m ass re sp o n se s  in  te rm s o f  p eak  

h e ig h t  w ere o b se rv e d . I n  view  o f  t h e  f a c t  t h a t  th e  p re s e n c e  o f  p o la r  

g roups i s  known to  le a d  t o  th e  m arked  t a i l i n g  o f  p eak s  i n  GLC, i t  i s  

p o s s ib le  t h a t  th e  second  compound i s  f r e e  lAA, w ith  th e  p r e v io u s ly  e l u te d  

compound b e in g  a  breakdown p ro d u c t .

T h is  h y p o th e s is  was t e s t e d  b y  s u b je c t in g  th e  sam ple o f  lAA in  

m e th an o l to  GC-MS a n a ly s i s  (AEI MS-3 0 ) u s in g  th e  8E -3O colum n. The 

c o n d i t io n s  w e re : -

oven tempo : 200^0

s e p a r a to r  te m p .: 220 + ET°C

so u rc e  te m p .; 210°0

io n i s in g  v o l t a g e ;  70 eV 

When 1 | i l  o f  s a n g le  ( i )  was i n j e c t e d ,  a  re sp o n se  s i m i l a r  to  t h a t  

o b ta in e d  above was n o te d  on th e  TIM t r a c e  (F ig u re  1 2 ) . Mass s p e c t r a  o f  

th e  two com ponents A (Tp^ = 0 .7  rain) and B (Tp^ = 3 * 6  m in) w ere ta k e n  

(T a b le s  11 and 12 and F ig u re  1 3 ) .

Both s p e c t r a  c o n ta in e d  m /e 130 a s  th e  b a se  io n  w hich i s  i n d i c a t i v e  , 

o f  a 3 -8 u b 8 t i tu te d  in d o le  ( P o r te r  and  B a id a s , 197 l)*  The m o le c u la r  io n  

o f  compound A was m /e 131, and compound B was ra/e 175- The re m a in in g  

io n s  in  b o th  s p e c t r a  s r e  t y p i c a l  o f  any  3 - 8 u b s t i t u t e d  in d o le ,  hence
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F ig u re  1 2 : TIM re sp o n se  o f  f r e e  lAA on SF-3 0



J I I I

TIM
RESPONSE
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F ig u re  1 3 : Ivlass S p e c tra  o f Compounds A  and B



s

50
m /e
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T ab le  11 : Mass S pectrum  o f Compound A

m /e 64 ,5  65 6 5 .5  75 76 77 78 101

EA 6 ,4  6«7 4 .8  1 .7  1 .7  1 8 ,5  3 .3  1 .6

m /e 102 103 104 129 130 131 132

RA 6 .7  15 1 .7  5 100 60 6 ,7

T ab le  12 : Jvlass Spectrum  o f  Compound B

m /e 65 73 74 75 76 77 78 101 102

RA 6 .6 5 .9 5 .9 9 .2 10 ,5 2 5 .7 3 .9 5 .3 21.1

m /e 103 104 128 129 130 131 132 175 176

EA 2 2 ,3 2 ,6 1 3 .2 2 7 .7 100 28 .9 5 .3 5 1 .2 6 ,6

i d e n t i f i c a t i o n  o f  b o th  compounds r e l i e d  on th e  m /e v a lu e  o f th e  

m o le c u la r  io n s .  Compound B w as, i n  f a c t ,  lAA, and compound A was a  

m e th y l in d o le ,  p ro b a b ly  s k a to le  (3 -m e th y l in d o le )  a l th o u g h  o th e r  

iso m e rs  e x i s t  w ith  s i m i l a r  s p e c t r a  ( P o r te r  and B a id a s , 1 9 7 l) .  The 

o r ig i n  o f  th e  m e th y l in d o le  in  sam ple  ( i )  c o u ld  be  e i t h e r  due to  th e  

d eco m p o sitio n  o f  lAA d u rin g  i t s  GLC, o r  a s  an  o r i g i n a l  im p u r ity  i n  th e  

sam ple .

The seco n d  h y p o th e s is  was t e s t e d  by  s u b je c t in g  sam ple ( i )  to  a  

p r e p a r a t iv e  HPtfJ sy stem  c a p a b le  o f  s e p a r a t in g  and  d e te c t in g  a c id ic  and  

n e u t r a l  in d o le s  (Reeve and C r o s ie r ,  1 9 7 7 ). The HPLC c o n d i t io n s  w e re : -  

Column: P a r t  a s  i l  10 (lO  x  450 mm); s t a t i o n a r y

p h a se  43% 0 ,5  M fo rm ic  a c id  

m o b ile  p h a s e : 45% e th y l  a c e t a t e  i n  n -hexane  a t  4 ,6  ml

m in ^

d e t e c to r :  UV ^ . a t  0 ,2  A PSD254  nm

On two s u c c e s s iv e  i n j e c t i o n s  o f  sam ple ( i )  (2  p i )  o n ly  one peak  

w ith  a  Tp o f  1 2 .9  m in was e v id e n t  (F ig u re  1 4 ) .  An i n j e c t i o n  o f  48 p i
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F ig u re  1 4 ; HPIX3 t r a c e  o f  sam ple ( i )

F ig u re  1 5 « Mass sp ec tru m  o f  compound d e te c te d  by  HPLC in  sam ple  ( i )
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o f  sam ple ( i ) ,  e q u iv a le n t  to  68 pg o f lAA was th e n  m ade, and a t  th e  same 

a l a r g e  re sp o n se  was o b se rv e d . By means o f an e f f l u e n t  s p l i t t e r ,  

w hereby 10^  o f  th e  colum n flo w  was d iv e r t e d  p r i o r  to  th e  d e t e c t o r ,  an 

a l iq u o t  o f t h i s  peak  was c o l l e c t e d .  The s o lv e n t  was th e n  rem oved from  

th e  sam ple and  th e  re s id u e  was s u b je c te d  t o  MS a n a l y s i s  by  d i r e c t  p ro b e  

i n s e r t i o n .  The r e s u l t i n g  m ass sp ec tru m  (F ig u re  15) was i d e n t i c a l  to  

t h a t  o f  XAA.

I n  sum nary , lAA was found  to  y i e l d  two p eak s on GLC, one b e in g  lAA., 

th e  o th e r  a  m e th y l in d o le .  P r e p a r a t iv e  HPLC and  MS r e v e a le d  t h a t  th e  

sam ple s u b je c te d  t o  GLG was p u re  I M ,  h ence  th e  o r i g i n  o f  m e th y l in d o le  

was due t o  breakdow n o f  1ÂA d u r in g  GLC. The G a u ss ia n  n a tu r e  o f  th e  

m e th y l in d o le  peak  i n d i c a t e s  t h a t  t h i s  breakdow n p ro b a b ly  o c c u rre d  a t  

th e  i n j e c t i o n  p o r t  o f  th e  GIG.

(b ) D e r iv a t i s a t i o n  o f  lAA -  The fo re g o in g  s e r i e s  o f  e x p e rim e n ts  

has shown t h e  u n s a t i s f a c to r y  n a tu re  o f  u s in g  u n d e r iv a t i s e d  XAA f o r  GLG 

s tu d ie s  on two s t a t i o n a r y  p h a s e s .  On th e  o th e r  h an d , s t a b l e  d e r iv a t iv e s  

o f  th e  compound can  b e  p r e p a re d  f o r  GIG s t u d i e s , and s e v e r a l  ty p e s  a re  

a v a i l a b l e  (D ro sd , 1973)° I n  t h e  c a se  o f  I M ,  d e r i v a t i s a t i o n  can  b e  

a c h ie v e d  by  ( i )  e s t é r i f i c a t i o n  o f  th e  c a rb o x y l g roup , ( i i )  t r i m e t h y l -  

si%0a t io n  o f  th e  c a rb o x y l and  amine g ro u p s , and  ( i i i )  h a lo a c y la t io n  o f  

th e  am ine g ro u p . O b v io u s ly , i f  su ch  d e r iv a t iv e s  a r e  in te n d e d  f o r  

q u a n t i t a t i v e  GIG s t u d i e s ,  th e  . y i e l d  o f  fo rm a tio n  o f  su ch  d e r iv a t iv e s  

sh o u ld  b e  known. The fo llo w in g  s e r i e s  o f  e x p e r im e n ts  d e s c r ib e  th e  

m ethod o f  p r e p a r a t io n  and th e  y ie ld s  o b ta in e d  a f t e r  p r e p a r a t io n  o f  th e  

th r e e  ty p e s  o f  d e r iv a t iv e s .

( i )  M ethy l e s t é r i f i c a t i o n  o f  lAA

The e s t é r i f i c a t i o n  o f  c a rb o x y l ic  a c id s  can  b e  a cc o m p lish e d  by  

d ia so m e th a n e , o r  by  m e th an o l c a t a ly s e d  by HCl, H^SO^ o r  BF^, U sing 

th e s e  m e th o d s , V orbeck ej^ a l .  ( l 9 6 l )  e s t e r i f i e d  s e v e r a l  f a t t y  a c id s  

and 'o b t a i n e d  h ig h ’ • y i e ld s  w ith  d ia so m e th an e . A c c o rd in g ly ,
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d iazom ethane v/as ch o sen  a s  t h e  d e r i v a t i s a t i o n  a g en t f o r  th e  p r e p a r a t io n  

o f  lAA-Me.

An e t h e r i a l  s o lu t i o n  o f  d iazo m eth an e  was i n i t i a l l y  p r e p a re d  u s in g  

a  m ethod s i m i l a r  to  t h a t  o f  S ch le n k  and  Gellermein ( l9 6 o ) .  E q u a l p a r t s  

o f  '’N i t r o s a n ” ( h i s - n - m e th y l - n - n i t  ro  s o t  e re p h th a la m id e  ) , e th y le n e  g ly c o l  

and d ie th y l  e t h e r  w ere m ixed i n  a  230 ml c o n ic a l  f l a s k  w ith  a s id e -a rm  

a t ta c h m e n t. A s m a ll  amount o f  s t r o n g  sodium  h y d ro x id e  s o lu t i o n  was 

th e n  ad d ed , and  th e  f l a s k  was s to p p e re d  and h e a te d  on a  h o t-w a te r  

b a th .  The open end  o f  th e  s id e  aim was p la c e d  u n d e r a  few m l o f  

d ie th y l  e t h e r  i n  a  230 m l c o n ic a l  f l a s k  su rro u n d ed  b y  i c e .  On h e a t in g  

th e  r e a c t io n  m ix tu re ,  d iazom ethane  g a s  and e th e r  d i s t i l l e d  o v e r  and  

d is s o lv e d  i n  th e  c o ld  e t h e r .  Only when an in te n s e  y e llo w  c o lo u r  was 

o b se rv ed  i n  t h e  e th e r  was th e  s o lu t i o n  c o n s id e re d  re a d y  f o r  u s e .

F re sh  s o lu t io n s  w ere  a lw ays u s e d  f o r  d e r i v a t i s a t i o n .  ^

One mg o f  lAA was added t o  two R e a c t i - v i a l s  (-PfiàSEesB and vV arriner, 

L t d . , C h e sh ire )  and d i s s o lv e d  i n  200 p i  o f  m e th an o l. To t h i s  s o l u t i o n ,  

1 m l o f  d iazo m eth an e  s o lu t i o n  was added and th e  v i a l s  s e a le d .  T hese 

sam ples w ere th e n  l e f t  f o r  20 m in a t  4 ^ 0 , fo llo w in g  w hich , each  sam ple 

was red u ce d  to  d ry n e s s  u n d e r a  g e n t l e  s tre a m  o f  The r e s u l t a n t

r e s id u e s  w ere d i s s o lv e d  i n  200 p i  o f  m e th an o l and  s u b je c te d  t o  a n a ly s i s  

by GLG and GG-MS.

F o r GIG a n a ly s i s  th e  c o n d i t io n s  w e re î-

co lum n: ^fo OV-17* GCQ (iOO-12D)j 9 f t  g l a s s

oven te m p . : 220^0

“ 1c a r r i e r  g a s ;  a t  40 m l min 

d e t e c t  o r  : FID

Each sam ple on i n j e c t i o n  ( l  p i ) ,  gave r i s e  to  a  s in g le  p eak  w ith  a  T^

2o f  9*1 m in. The mean p eak  a r e a  o f  th e  i n j e c t i o n s  was 3*263 + 0 .0 8  cm .

To e n su re  t h a t  t h i s  peak  was in d e e d  lAA-Me, th e  sam ples w ere 

a n a ly se d  on th e  AEI MS- 3 0  u n d e r  s im i l a r  GO c o n d i t io n s ,  HVhen i n j e c t e d ,
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each  sam ple p ro d u ced  a  s in g le  p e a k  on th e  TIM t r a c e ,  w ith  a s i m i l a r  T̂  ̂

v a lu e  t o  t h a t  o b ta in e d  ab o v e . A m ass sp ec tru m  o f  t h i s  peak  was ta k e n  

from  b o th  sam p le s , w ith  th e  s p e c t r a  i n  each  c a se  b e in g  s im ila r*  A

r e p r e s e n t a t i v e  sp ec tru m  i s  shown i n  T ab le  13 and  F ig u re  16

T ab le 1 3 : Mass sp ec tru m o f  lAA-Me

m /e 50 51 52 65 75 76 77 78 79 89 90 91

RA 2 7 2 5 3 5 16 3 1 1 1 1

m /e 101 102 103 104 105 1 28 129 130 131 132 189 190

RA 3 10 15.5 1 0 .5 7 11 100 24 2 .5 51 5-5

The m ass s p e c t r a  o b ta in e d  i n  a l l  c a s e s  w ere c o n s i s t e n t  w ith  t h a t  o f

lAA-Me (Abe and Marumo, 1 9 7 4 ).

The y i e l d  o b ta in e d  from  t h e  p r e p a r a t io n  o f  t h i s  d e r iv a t iv e  was

r l4o b ta in e d  by  m e th y la t in g  sam p les  o f  [ C]-IAA e q u iv a le n t  t o  a p p ro x im a te ly

3 0 0 ,0 0 0  dpm, 200 ,000  dpra and 100 ,000  dpm, u s in g  100 p i  o f  d iazom ethane

s o lu t i o n .  F o llo w in g  e s t é r i f i c a t i o n ,  each  sam ple was a n a ly s e d  b y  r a d io

-TLO on s i l i c a  g e l  p l a t e s ,  w ith  a d ja c e n t  r e f e r e n c e  s p o ts  o f  u n d e r iv a t i s e d

lAA u s in g  b e n z e n e :a c e to n e  (6 0 :4 0 ; v /v )  a s  th e  s o lv e n t  sy s tem . The

p l a t e s  w ere d ev e lo p ed  f o r  15 cm fo llo w in g  w hich th e  d i s t r i b u t i o n  o f  

14[ O] a c t i v i t y  was d e te im in e d  by  u s e  o f  th e  r a d io  chrom atogram  s c a n n e r ,  

w i th  th e  p o s i t i o n  o f  th e  u n d e r iv a t i s e d  lAA p r e lo c a te d  by  e x a m in a tio n  

u n d er ÜV254  nm l i g h t .

The ra d io -T IG  p r o f i l e s  o f  t h e  t h r e e  m e th y la te d  [^^0]-IA A  sam ples 

r e v e a le d  th e  p re s e n c e  o f  o n ly  one p e a k  w ith  a  R f v a lu e  o f  0 .5 3 - 0 .6 1  i n  

each  c a s e ,  W i i l s t  th e  Rf o f  th e  u n d e r iv a t i s e d  XAA was 0 .1 2 -0 .2 0 ,  S in ce  

no o th e r  p eak  o f  r a d i o a c t i v i t y  was d e t e c te d  i n  t h e  m e th y la te d  sa m p le s , 

i t  was co n c lu d e d  t h a t  t o t a l  c o n v e rs io n  o f lAA t o  lAA-Me had  o c c u rre d .

( i i )  T r im e th y l s i ly 1a t io n  o f  XAA

The o n e - s te p  d e r i v a t i s a t i o n  o f  h y d ro x y l, c a rb o x y l and  am ine g ro u p s
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F ig u re  16 ; Mass sp ec tru m  o f  lAA -  Me
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can  b e  c a r r i e d  o u t by  t r i m e t h y l s i l y l a t i o n  (D rozd , 1975)* BSA was 

o r i g i n a l l y  d e m o n s tra te d  by  K lebe efc a l .  ( 1966 ) t o  s i l y l a t e  t h e  

f u n c t io n a l  g ro u p s  o f o rg a n ic  compounds u n d er m ild  c o n d i t io n s  to  y i e l d  

v o l a t i l e ,  s t a b l e  d e r iv a t iv e s .  I t  was d em o n stra te d  p r e v io u s ly  (R e s u lts  

S e c t io n  A, P a r t  4 ( a ) )  t h a t  m ix ing  lAA w ith  BSA a t  room te m p e ra tu re  

gave a  s in g l e  compound when th e  m ix tu re  was s u b je c te d  t o  GLG. However, 

when su ch  a  m ix tu re  was l e f t  f o r  2 h  a t  60°G, th e n  a  l a r g e r  seco n d  

d e r iv a t iv e  a l s o  a p p e a re d  i n  th e  GLG t r a c e .  The a p p e a ra n c e  o f  th e s e
i'

^wo compounds i s  c o m p a tib le  w ith  th e  s i l y l a t i o n  r e a c t i o n  o f  lAA and  BSA 

o c c u r r in g  i n  two s j e p s ;  f i r s t l y ,  th e  i n i t i a l  s i l y l a t i o n  o f  th e  c a rb o x y l 

g ro u p ; and s e c o n d ly , t h e  s lo w e r  s i l y l a t i o n  o f  th e  am ine g ro u p . The 

p re s e n c e  o f  m u l t ip l e  d e r iv a t iv e s  o f  compounds a s  a  r e s u l t  o f  s i l y l a t i o n  

h as  b een  p r e v io u s ly  r e p o r te d  (Coward and S m ith , 1 9 6 9 ) .

I n  o rd e r  to  d e te rm in e  th e  r e a c t io n  tim e  r e q u i r e d  to  form  th e  b i s  

-TMSi d e r iv a t iv e  o f  lAA, BSA and lAA w ere r e a c te d  o v e r a  s p e c i f i c  tim e  

p e r io d ,  w ith  t h e  p ro d u c ts  o f  t h e  r e a c t io n  b e in g  exam ined b y  GLG. The 

GIG c o n d i t io n s  w e re :

colum n: 5$  ̂ OV-101 (GGQ100-120); 5 f t  g l a s s

oven tem p. : 196^0 

c a r r i e r  g a s :  a t  40 m l m in ^

d e t e c t o r :  FID

The r e a c t i o n  m ix tu re  was p re p a re d  by  d is s o lv in g  lAA (2  mg) i n  BSA 

( 2OQ p i ) .  Upon m ix in g , 1 p i  o f  t h i s  sam ple was i n j e c t e d  in to  t h e  GIG 

and  th e  v i a l  was p la c e d  i n  an  oven a t  éO^C, At v a r io u s  tim e  i n t e r v a l s ,

1 p i  sam ples o f  t h i s  m ix tu re  w ere s u b je c te d  to  GLG a n a l y s i s .  I n  

a d d i t io n ,  b e tw ee n  each  sam ple i n j e c t i o n ,  a l iq u o t s  o f  BSA (3  p i )  w ere 

in j e c t e d  t o  e n su re  t h a t  no column e f f e c t s  such  a s  a d s o r p t io n  had  oocurredo

The r e s u l t a n t  GLG t r a c e  showed t h a t  two d e r iv a t iv e s  w ere fo rm ed . 

I n i t i a l l y ,  o n ly  one d e r iv a t iv e  a p p e a re d  i n  l a r g e  am oun ts , b u t w ith  tim e  

th e  second  d e r iv a t iv e  in c r e a s e d  in  am ounts w ith  a  c o r re s p o n d in g  d e c re a se
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i n  th e  f i r s t  d e r iv a t iv e .  The T^ o f  t h e  f i r s t  o r  m o n o -d e r iv a tiv e  was 

I I 0O m in, w h i ls t  th e  o f  th e  seco n d  o r  h i s - d e r i v a t i v e  was 1 4 .0  m in . 

The am ounts o f  b i s - d e r i v a t i v e  d e t e c te d  was th e n  c a l c u l a t e d  a s  a  % o f  

t o t a l  lAA p r e s e n t  and p l o t t e d  a g a in s t  tim e  (F ig u re  I? )*  A f te r  180 m in 

o f  r e a c t io n ,  99% o f  b is-T M S i d e r i v a t i v e  had  b een  fo u n d .

T his e x p e rim en t was r e p e a te d  on two o th e r  o c c a s io n s ,  w ith  th e  tim e  

o f  r e a c t io n  t o  r e a c h  99% o f  b is-T M S i d e r iv a t iv e  b e in g  175 m in an d  18O 

m in . Thus th e  o v e r a l l  r e a c t i o n  tim e  was 178 .3  m in .
I

The p r e c i s e  i d e n t i t y  o f  th e  two d e r iv a t iv e s  was in v e s t i g a t e d  b y  

GC-MS a n a l y s i s ,  A f r e s h  sam ple o f  XAA (10  mg) in  BSA (800 p i )  was 

p re p a re d  and  r e a c te d  f o r  2 h  a t  60^G, and  th e n  s u b je c te d  t o  GG-MS 

a n a ly s is  (AEI MS-3 0 ) on a  5 f t  3% SE-3 0  (GGQ 100-120) column a t  200°G. 

I n je c t io n s  o f  0 .1  p i  o f  th e  m ix tu re  a g a in  r e v e a le d  t h e  c h a r a c t e r i s t i c  

two p eak s , w ith  T^ v a lu e s  o f  4 .2  and  5*2 m in, r e s p e c t iv e l y .  Mass 

s p e c t r a  o f  each  p e a k  w ere th e n  ta k e n  (T ab les  14 and 15)*

T a b le 14 ; Mass sp e c tru m o f  m o n o -d e r iv a tiv e

m /e 73 74 75 76 77 78 101 102 103 104

RA 3 9 .2  1 3 .7 3 7 .2 7 .8  3 3 .3 2 .9 2 .9 1 1 .7 1 7 .6 1 .9

m /e 128  129 130 131 232 233 247 248 249

RA 7*8 17*6 100 31*3 1 7 .6 3 .9 4 9 .0 9 .8 3 .9

T ab le 15 : Mass sp e c tru m o f  b is I - d e r iv a t iv e

m /e 73 75 129 130 200 202

RA 3 8 .2 1 1 .7  5 .9 8 .8 3 .9 100

m /e 203 204 304 319 320 321

RA 1 7 .6 5 .8  8 .8 47 .1 8 .8 3 .0

The sp ec tru m  o f  t h e  m o n o -d e r iv a tiv e  was c o n s i s te n t  w i th  t h a t  o f  a  

3- s u b s t i t u t ed  in d o lé  and  t h e  m o le c u la r  io n  o f  m /e 247 in d i c a te d  t h a t  th e
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F ig u re  1 7 : % o f  b i s  -  TMSi -  lAA form ed w ith  tim e
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compound was lAA s i l y l a t e d  a t  th e  c a rb o x y l g ro u p . The s p e c tru n o f  th e  

b i s - d e r i v a t i v e  i s  a ls o  shown a s  a  l i n e  d iagram  (F ig u re  18B) to g e th e r  

w ith  th e  s t r u c t u r e s  o f  th e  io n s  p r e s e n t .  Io n s  m /e  319» 304 an d  202 

w ere c o m p a tib le  w ith  t h a t  o f  lAA s i l y l a t e d  a t  th e  c a rb o x y l and amine 

p o s i t i o n s ,  Vdien com pared s p e c t r a  o f  3 - 8 u b s t i t u t e d  in d o le s  ( e .g .

F ig u re  13) > l i t t l e  f r a g a e n ta t io n  was o b se rv ed  t o  o c c u r  a f t e r  th e  

fo rm a tio n  o f  t h e  b a se  io n .

I t  i s  a p p a r e n t ,  t h e r e f o r e ,  t h a t  th e  s i l y l a t i o n  o f  LAA i s  a  two 

- s t a g e  p ro c e s s  (F ig u re  i 8A) w here s i l y l a t i o n  i s  i n i t i a l l y  c o n f in e d  t o  

th e  carbox:y l g ro u p , fo llo w e d  by  a s lo w e r  s i l y l a t i o n  a t  th e  amine g ro u p .

The y i e l d  o f fo rm a tio n  o f  th e  b is -T M S i-d e r iv a t iv e  w as gauged  by

r14r e a c t in g  two 10 p i  a l iq u o t s  o f  th e  [ C]-IAA s o lu t i o n  p lu s  2 mg o f  lAA

i n  200 | i l  o f  BSA f o r  3 h  a t  60°0 . At th e  s t a r t  o f  th e  r e a c t i o n ,  th r e e

3 M-l sam p les  w ere ta k e n  from  each  r e a c t i o n  m ix tu re  f o r  l i q u i d  s c i n t i l l a t i o n

c o u n t in g ,  end t h e  mean o f  th e s e  t h r e e  v a lu e s  was ta k e n  a s  t h e  c^m

p r e s e n t  o r i g i n a l l y  i n  th e  sam ple . On t h i s  b a s i s ,  th e  o r i g i n a l  amount 

14"o f  [ C]-IAA p re s e n t  a t  th e  o n se t o f  th e  r e a c t io n  was fo u n d  to  be

1 3 ,5 9 3 :5  dpm/3 p i  and  13,211 ;4  dpm/3 p i ,  r e s p e c t iv e l y .

At th e  c a n p le t io n  o f  th e  r e a c t i o n ,  each  sam ple  was s u b je c te d  t o  

radio-GrLG a n a l y s i s  a s  d e s c r ib e d  i n  M a te r ia ls  and  M ethods, P a r t  7 ( d ) .

The fo c o u n tin g  e f f ic ie n c y  o f th e  radio-G LG  was fo u n d  t o  be  36,9%  f o r  

[^^C] sa m p le s , b a s e d  on th e  re sp o n se  o f  [^ ^ C ]-m e th y l p a lm i t a te .

A liq u o ts  o f  th e  r e a c t io n  m ix tu re s  w ere th e n  i n j e c t e d  and  th e  dpm 

p re s e n t  i n  e a c h  sam ple was c a l c u l a t e d  from  th e  n e t  cpm r e s u l t s .  The 

a c tu a l  dpm a t t r i b u t a b l e  to  bis-TM Si-lA A  f o r  e ac h  sam ple was fo u n d  t o  be 

1 4 ,7 2 4 ,3  dpan/5 p i  and I 4 , l 8 2 ,2  dpm/5 p i ,  r e s p e c t i v e l y .  T hus, th e  fo

y i e l d  was c a l c u l a t e d  and found to  b e  1 0 8 ,3 ^  and I 0 7 o3 %, in d i c a t i n g  t h a t

t o t a l  c o n v e rs io n  o f  lAA t o  bis-TM Si-IA A  had  o c c u r re d ,

( i i i )  H a lo a c y la t io n  o f  lAA

H a lo a c y l d e r iv a t iv e s  o f  compounds can  be  p r e p a re d  by  th e  u se  o f
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F ig u re  18A; S i l y l a t i o n  o f  XAA by  BSA

F ig u re  l6 B ; Mass sp ec tru m  o f  b is -T M S i-d e r iv a tiv e  o f  XAA
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an a p p ro p r ia te  an h y d rid e  o r  im id a z o le ,  a lth o u g h  th e  an h y d rid e  can  l e a d  

to  u n d e s ir a b le  s id e  r e a c t io n s .  Use o f th e  im id a z o le ,  how ever, does n o t 

cau se  such  e f f e c t s .  T hese ty p e s  o f  e s t e r s  p o s s e s s  s t r o n g  e l e c t r o n  

- c a p tu re  p r o p e r t i e s ,  w ith  th e  h e p ta f lu o ro h u ty ry  1 d e r iv a t iv e s  h a v in g  

p a r t i c u l a r l y  s t r o n g  e f f e c t s  (P o o le ,  1 9 76 ). T hus, H P B -este rs  o f 

compounds have found  u s e  in  q u a n t i t a t i v e  EGD-GC s tu d ie s  (S e e le y  and  

P o w e ll, 1974:) a s  w e ll  a s  i n  GC-MS in v e s t ig a t io n s  ( R iv ie r  and  P L le t ,

1 9 7 4 ).

The fo llo w in g  s e r i e s  o f  e x p e r im e n ts  d e s c r ib e s  th e  p r e p a r a t io n  and 

m ass s p e c t r a l  p r o p e r t i e s  o f  th e  H P B -d e r iv a tiv e  o f  lAA-Me,

As a  f i r s t  s t e p ,  t h e  m e th y l e s t e r  o f  lAA was p re p a re d  b y  r e a c t in g  

two b a tc h e s  o f  lAA ( l  mg) i n  m e th an o l (200 p i ) ,  w ith  e t h e r i a l  d ia z o ­

m ethane s o lu t i o n  ( l  m l) f o r  20 m in a t  4°C i n  R e a c t i - v i a l s .  The s o lv e n t  

was th e n  rem oved from  each  sam ple u n d e r  a  g e n t l e  s tre a m  o f  and  HPBI 

(400 p i )  was added  to  each  sam p le . The v i a l s  w ere th e n  s e a le d  and  

p la c e d  in  an oven a t  90^C f o r  2 h .  F o llo w in g  t h i s  t r e a tm e n t ,  th e  v i a l s  

w ere c o o le d  and  n -h ex an e  (2  m l) (HPLC g ra d e ,  s u p p lie d  by  R a th b u m  

Chem ical C o ., P e e b le s h i r e )  and 1 N.H^SO^ (Oo5 m l) w ere added to  each  

sam ple. The lo w er a c id  l a y e r  was th e n  rem oved and th e  hexane  l a y e r  

was rew ashed  tw ic e  w ith  d i s t i l l e d  w a te r  (0 ,5  m l) .  A f te r  th e  rem oval 

o f  th e  f i n a l  w a te r  l a y e r ,  th e  hexane  was rem oved from  th e  sam ple u n d e r  

a  s tream  o f  and th e  r e s id u e  r e d i s s o lv e d  i n  n -hexane  (200 p i ) .  The 

v i a l s  w ere th e n  s e a le d  and a l i q u o t s  o f  each  sam ple w ere s u b je c te d  to  

GC-MS a n a l y s i s .  The s y n th e t i c  r o u te  f o r  t h i s  experim en t i s  o u t l in e d  i n  

F ig u re  19.

GIX3 o f  th e  sam ples was c a r r i e d  ou t a t  th e  fo llo w in g  c o n d i t io n s ;  

colum n: 3/^ OV-17, GCQ ( l0 0 -1 2 0 ) ;  9 f t  g l a s s

oven t  anp, : 200°0

“ 1c a r r i e r  g a s :  ®-t 40 ml min

d e t e c to r :  FID
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F ig u re  19 : S y n th e t ic  r o u te  to- HFB-IAA-Me

(a )  R e a c tio n  o f  n i t r o s a n  (a ) w i th  sodium h y d ro x id e  t o  p ro d u ce  

d iazo m eth an e  (B)

(b ) R e a c tio n  o f  d iazom ethane w ith  lAA y ie ld in g  lAA-Me (C)

(c )  R e a c tio n  o f  lAA-Me and  HFBI (d ) t o  g iv e  HFB-IAA-Me (E)



NO y    NO

(.) ch.nç< ^ çAch.
NaOH

CHjNj fNaO,C^ 'vCOjNa

B

#  C H jN ,  -h

HjCOOH H 2C O .C H ,

+  N,

H,CO,CH
+ u - c oN

C 3F7

D

pHjCOliCH;
+

CO
1

C jF ,

V



74

' 2
The T^ (rain) and  PA (era ) o f  each  compound d e te c te d  on th e  &LG o f  

each  r e a c t i o n  p ro d u c t a r e  shown i n  T ab le  1 6 # I n  a d d i t i o n ,  a  f r e s h  

sam ple o f  lAA-Me was p re p a re d  a c c o rd in g  t o  th e  m ethod o u t l in e d  p r e v io u s ly ,  

and t h i s  was c o - in j e c t e d  w ith  th e  above two sa m p le s .

T a b le  1 6 : GLG o f  r e a c t io n  p ro d u c ts

Sample

+ lAA-Me

l1 sanple  
+ lA A -m

P eak  No. 1 P eak  No. 2

PA TR PA

1 2*3 2 .8 5 8 .7 0 .2 8

1 2 .3 2 .1 5 8 .7 0 .1 8

1 2 .3 2 .6 5 8 .7 0 .2 8

2 2*3 2 .3 4 8 .7 0 .3 0

2 2*3 2*37 8*7 0*30

2 2*3 2 .25 8 .7 0 .2 8

1 2*3 1 .1 2 8 .7 5*676

1
2 .3 1 .4 6 8 .7 OS

I n  b o th  s a m p le s , a  la rg e  v o l a t i l e  component was p r e s e n t  t h a t  

co m p rised  91*24 and  88.78%  o f  th e  t o t a l  d é r iv â t i s e d  lAA. A second  

com ponent, t h a t  co -ch ro m a to g rap h e d  w ith  lAA-Me, was a l s o  p r e s e n t  i n  each  

sam p le , s u g g e s t in g  in c o m p le te  c o n v e rs io n  o f  lAA-Me t o  HPB-IAA-Me by HPBI.

Both sam p les  w ere th e n  a n a ly se d  by  GC-MS (AEI 2HS-30 and J e o l  JMS 

-D 100). GG-MS a n a ly s i s  on th e  AEI MS-30 was c a r r i e d  o u t u n d e r  i d e n t i c a l  

c o n d i t io n s  to  th o s e  o u t l in e d  above. On i n j e c t i o n  o f  sam ple 1 , two peetks

w ere o b se rv e d  w ith  r e s p e c t iv e  T^ v a lu e s  o f  2 .8  and  9*2 m in , and  peak

2a re a s  o f  1 .4  and 0 .5  cm . A s im i la r  r e s u l t  was o b ta in e d  w ith  sam ple 2. 

Thus th e  TIM t r a c e s  o f  t h e  two sam ples r e v e a le d  a  lo w e r r a t i o  o f  th e  f i r s t  

compound t o  th e  seco n d  compound -vdien com pared to  t h a t  o b ta in e d  b y  GG-EID 

d e t e c t io n .

Mass s p e c t r a  o f  t h e  two p eak s  w ere th e n  ta k e n .  The spec tru m  o f
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th e  second  p eak  was i d e n t i c a l  to  t h a t  p r e v io u s ly  shown f o r  XAA-Me and  

th e  sp ec trum  o f  th e  f i r s t  p eak  i s  shown in  T ab le  17«

T ab le  1 7 : Mass sp ec tru m  o f  f i r s t  d e r iv a t iv e

m /e 69 100  101 102  103 128 129 130 131 1^9

RA 1 3 .6  2 .3  4 .6  2 2 .7  4 .6  4 .6  6 3 .6  9 .1  2 .3  1 8 .2

m /e 179 197 278  297 305 326  327 385 386  r s

HA 4*6 4 .6  4 .6 ' 4 .6  4 .6  100 1 5 .9  5 7 .3  8 .3  ^ ^

In  a d d i t io n  to  t h e  io n s  shown in .  T ab le  17 , s- m e ta s ta b le  io n  o f  m /e 

276  a t  a p p ro x im a te ly  1 - ^  RA was o b se rv e d .

C o n firm a tio n  o f  t h i s  sp ec tru m  was made by  s u b je c t in g  th e  two 

s a n p le s  to  CC-1»IS a n a ly s i s  on th e  J e o l  MS. The GC s e p a r a t io n s  w ere 

c a r r i e d  o u t as  d e s c r ib e d  i n  M a te r i a l s  and M ethods, P a r t  6 . On i n j e c t i o n ,  

b o th  sam ples c o n ta in e d  a  compound w ith  T^ o f  9 .6  m in . The spec tru m  o f  

t h i s  compound ( id g u re  20) was found  to  be  s im i la r  to  t h a t  o f  T ab le  17- 

T h is  sp ec trum  was c o n s i s t e n t  w ith  t h a t  o f HEB-IAA-Me ( B e r t i l s s o n  and  

P alm ér, 1 9 72 ).

The f ra g m e n ta t io n  o f  t h i s  compound (F ig u re  21 ) i s  more e la b o r a te

th a n  t h a t  o f  bis-TM Si-IA A . The m e ta s ta b le  io n  a t  m /e  276 can  be

c o r r e l a t e d  w ith  th e  f r a g m e n ta t io n  o f  th e  m o le c u la r  io n  m /e 385  t o  th e

b a se  io n  m /e 3 2 6 . C o n s id e ra b le  f ra g m e n ta t io n  frcsn th e  b a s e  io n  th e n

o ccu rred  to  g iv e  io n s  o f  m /e 129 , 102 and 7 6 . The io n s  m /e 69 and 169

w ere due to  CP and C F , r e s p e c t iv e l y .
3 3 /

The % c o n v e rs io n  o f  lAA t o  HFB-IAA-Me by th e  above r e a c t io n  was 

gauged in  a  m anner s im i l a r  to  t h a t  d e s c r ib e d  f o r  bis-TM Si-IA A .

B r ie f ly ,  two sam ples (375 , 6 3 4 .2  dpm and 187, 8 1 7 . I  dpm) o f  [^^C]-IAA 

w ere r e a c te d  w ith  ( i )  e t h e r i a l  d iazom ethane s o lu t i o n  ( l  m l) ;  and ( i i )

HFBI (40 p i ) .  A f te r  r e a c t io n  and  w ash in g , th e  r e s id u e s  o f  each  sam ple 

w ere r e d is s o lv e d  i n  n^hexane (200 p i )  and s u b je c te d  t o  radio-G LC  a n a ly s i s
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F ig u re  20 î Ivïaaa sp ec tru m  of* îib'B-IAA-Me
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Fij-gire 21 : Mass s p e c t r a l  f r a g in e n ta t io n  o f

f
ir

“COXH

H2CO2CH3

m/e3Q5

N m/e,326
CO

I - C 0 C 3F,

n /e 1 2 9

:HON

m/e102

+ m/e76
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on a  °̂/o OV-101 colum n a t  170^Co From th e  n e t cpm v a lu e s  o b ta in e d  f o r  

each  sam ple th e  t r u e  dpm v a lu e s  a t t r i b u t a b l e  to  HFB-IAA-Me w ere 

c a l c u l a t e d  to  be  2 0 1 ,0 6 4 ,0  and 9 6 , 6 6 5 . 0 , r e s p e c t iv e l y ;  i . e .  a  5 2 .5 ^  

mean y i e l d .

I n  summary, th e  GLC o f  u n d e r iv a t i s e d  I M  p ro v e d  u n s u c c e s s fu l ,  

a l th o u g h  v a r io u s  d e r iv a t iv e s  o f  lAA w ere  p re p a re d  w ith  v a ry in g  y ie ld s  

t h a t  w ere s u i t a b l e  f o r  GLG, The h ig h e s t  r e a c t io n  y i e ld s  w ere o b ta in e d  

w ith  th e  p r e p a r a t io n  o f  th e  lAA-Me and bis-Tl\4SI“ IAA d e r iv a t iv e s .  

M oreover, th e  m ost c o n v e n ie n t d e r i v a t i v e  to  p re p a re  was th e  bis-TM SI 

-lAA. d e r i v a t i v e ,  s in c e  p r e p a r a t io n  s im p ly  in v o lv e d  d i s s o lv in g  lAA i n  

BSÂ (no o th e r  s o lv e n t  n e c e s s a ry )  and h e a t in g  f o r  5 h  a t  60°G.
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SECTION B : The A n a ly s is  o f  I M

I n  th e  I n t r o d u c t io n ,  s e v e r a l  c r i t e r i a  w ere l i s t e d  t h a t  s h o u ld  be  

a p p l ie d  t o  any ch o sen  a n a l y t i c a l  m ethod . These w ere ( i )  s e n s i t i v i t y ,

( i i )  a c c u ra c y , ( i i i )  s p e c i f i c i t y ,  and ( iv )  e f f e c t  o f  im p u r i t i e s  (Ew ing,

1975 )* GrLC a n a l y t i c a l  m ethods can  s a t i s f y  many o f  t h e s e  r e q u ir e m e n ts ,  

depend ing  on th e  d e t e c t o r  u s e d , w h i l s t  a c t in g  a s  a  p u r i f i c a t i o n  sy s te m .

The fo llo w in g  s e r i e s  o f  ex p erim en ts  d e s c r ib e s  t h e  u s e  o f  t h r e e  GLC 

te c h n iq u e s  f o r  th e  a n a l y s i s  o f LAA.

(1 ) GCr-MS A n a ly s is

T here a r e  tw o common m ethods o f  CO-MS a n a ly s i s  : ( a )  r e p e t i t i v e l y

scanned  m ass s p e c t r a  (m aas ch rom atog raphy) o r  (b ) s e l e c t i v e  io n  d e t e c t io n  

(B ID ), A lthough  b o th  m ethods can  y i e l d  in fo rm a tio n  on t h e  amount o f  a  

compound p r e s e n t ,  t h e  s e n s i t i v i t y  o f  SID i s  c o n s id e ra b ly  g r e a t e r  th a n  t h a t  

o f  mass ch rom ato g rap h y  (P a lm ar and H o lm s te d t, 1 9 7 5 ),

I n  o rd e r  t o  gauge th e  r e s p o n s e  c h a r a c t e r i s t i c s  and r e l a t i v e  

s e n s i t i v i t y  o f  SID te c h n iq u e  to  lAA, two s ta n d a rd s  o f  b is-T M Si-IA A  w ere
mm ̂  mm ^

p re p a re d  a t  c o n c e n t r a t io n s  o f  10 ng p i  and 1 ng p i  r e s p e c t i v e l y .

T his d e r iv a t iv e  was chosen  i n  p r e f e r e n c e  t o  lAA-Me f o r  SID s t u d i e s  by  

v i r t u e  o f  th e  e a s e  o f  p r e p a r a t io n .

The GC-MS sy stem  was th e  AEI M8- 5 O and th e  c o n d i t io n s  w ere a s  fo l lo w s ;  

co lum n: lfo_SE-30 (GGQ 1 0 0 -1 2 0 ); 5  f t  g l a s s

oven te m p , : 180°C

c a r r i e r  g a s :  h e liu m  a t  40 ml m in

s e p a r a to r  tam p . : 230  + ET °C

s o u rc e  te m p , : 210°C

io n i s in g  v o l t a g e :  70 eV

The MS was a d j u s t e d  so t h a t  o n ly  io n s  o f  m /e 202 (b a se  io n  o f  b i s  

-TMSi-IAA.) w ere d e t e c te d .  On th e  i n i t i a l  i n j e c t i o n  o f  bis-TM Si-IA A  

(50  n g ) ,  a  peak  w ith  a  Tj^ o f  5*5 m in and  p e a k  a r e a  o f  1 2 ,5 4  cm^ was
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d e te c te d *  A s e r i e s  o f  i n j e c t i o n s  o f  v a ry in g  c o n c e n t r a t io n s  were th e n  

m ade, end w here a  peak  was o b se rv ed  a t  a = 5*5 m in , th e  PA and PH

w ere c a l c u l a t e d  (T ab le  18 and F ig u re  2 2 ) .  R esponses t o  a  l i m i t  o f  100 pg

w ere a c h ie v e d .

T ab le  l 8 ; MS re sp o n se  a t  m /e 202 to  bis-TM Si-IA A

m /e 202 R esponse

Amount (ng) PA (cm^) PH (cm)

Oo5 1 .6 2 2o3

0*5 1 .3 8 2.1

0*5 1 .2 0 1 .8

0 .3 1 .0 5 1 .6

0 .3 1 .1 4 1 .8

0 .1 0* 66 0 .9 6

10 5o88 9 ,8 5

10 6 .7 2 10*8

10 7 .0 2 1 1 .2

20 8 .8 8 1 4 .8

20 8 .4 1 3 ,4

20 7*95 12*4

30 9 .9 1 7 .8

30 10*7 1 8 .0

30 9 .0 2 1 6 .2

40 1 1 .5 2 0 .4

40 1 0 .7 3 1 9 .3
40 1 1 .4 1 8 .8

The r e l a t i o n s h i p  betw een re s p o n s e  (PA o r  PH) and  c o n c e n tr a t io n  o f  

a  compound i n  S W  s tu d ie s  i s  commonly l i n e a r  ( e .g .  B e r t i l s s o n  e t  a l . , 

1972 ) ,  b u t some n o n - l i n e a r i t y  h a s  b een  c la im e d  f o r  bis-TM Si-IA A 

(R o b ertso n  e t  a l . . 1977 ). T hus, l i n e a r  c o r r e l a t i o n s  betw een  PA and 

amount o f  d e r i v a t i s e d  lAA, and  PH and  amount w ere c a l c u la te d  f o r  th e  

d a ta  i n  T ab le  1 8 :
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F ig u re  22 ; A -  P eak  h e ig h i (cm) v a lu e s  o b ta in e d  a t  m /e 202 f o r

bis-TM Si-IA A  by  GC-MS

2B -  P eak  a re a  (cm ) v a lu e s  o b ta in e d  a t  m /e  202 f o r  

bis-TM Si-IA A  by  GC-MS
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( i )  y  = a  + b x ; y  = PA a t  xiv̂ e 202 , x  = amount o f

bis-TM Si-IA A  (ng)

= 0*9009

a  = 2 .1045

b  = 0 .2557

( i i )  y  = a  + b x ; y  = IH a t  m /e 202, x  = amount o f

bis-T lilS i-IA A  (ng)

= 0*9269

a  = 5 .1161

b = 0 .4 5 4 7  

2
The c o e f f i c i e n t  r  r e p r e s e n t s  a  "goodness o f  f i t "  v a lu e  f o r  l i n e a r

2
c o r r e l a t i o n s ,  w here th e  g r e a t e r  th e  f i t ,  th e  c l o s e r  th e  v a lu e  o f  r  i s  

t o  1 ( s t e e l  an d  T o r r ie ,  1 9 6 0 ) .  I n  a d d i t io n ,  th e  y  i n t e r c e p t  v a lu e  f o r  

a  zero  v a lu e  o f  bis-TM Si-IA A was n o t z e ro ,  w h ereas  i n j e c t i o n s  o f  BSA 

a lo n e  gave no re s p o n s e . I n  o rd e r  to  d e te rm in e  i f  any o th e r  ty p e  o f 

f u n c t io n  c o u ld  b e  fo u n d  t o  e x p re s s  th e  r e l a t i o n s h i p  b e tw een  re sp o n se  and  

amount b e t t e r ,  th e  v a lu e s  i n  T ab le  18 w ere t r a n s fo rm e d  t o  t h e i r  e q u iv a le n t

logg  v a lu e s  (T a b le  19)* L in e a r  c o r r e l a t i o n s  f o r  t h i s  tra n s fo rm e d  d a ta

w ere th e n  c a l c u l a t e d ;

( i )  y  = a  + b x ; y  = lo g ^  PA, x  = lo g ^  amount (ng )

= 0*9931

a  = 0 .6 7 9 6

b = 0 .4808

( i i )  y  = a  + b x ; y  = lo g ^  EH, x  = lo g ^  amount (ng)

=  0 .9 9 4 9

a  = 1 .1 1 5 5

b = 0 .5 0 8 9

I t  w as th u s  found  t h a t  a  more l i n e a r  r e l a t i o n s h i p  e x i s t e d  betw een  

th e  lo g g  o f  re sp o n se  and lo g ^  o f  anount •srfaen com pared t o  re sp o n se  and 

am ount. T h is  eaqjerim ent was r e p e a te d  on s i x  o th e r  o c c a s io n s  and s im i l a r
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T ab le  1 9 : L o g - l o g  t r a n s f o r m a t io n  o f v a lu e s  i n  T ab le  18

lo g e  'Amount (n g ) lo g g  PA lo g e  ^

- 0 .6 9 0 .4 8 0 .8 5

—0 , 69 0 .5 2 0*74

- 0 .6 9 0 .1 8 0 .5 9
- 1 .2 0 0 .0 5 0 .4 7

- 1 .2 0 0 .1 5 0 .5 9
- 2 .5 0 - 0 .4 2 - 0 .0 4

2*50 1 .7 7 2 .2 9

2 .5 0 1.91 2 .5 8

2 .5 0 1 .9 5 2 .4 2

3 .0 2 .1 8 2 .6 9

3 .0 2 .1 5 2 .6 0

3oO 2 .0 7 2 .5 2

5 .4 0 2*29 2 .8 8

5 .4 0 2*57 2 .8 9

5 .4 0 2 .20 2 .7 9

5 .6 9 2 .4 4 3 .0 2

3 .6 9 2 .5 7 2 .9 6

3 .6 9 2 .4 5 2 .9 3

r e s u l t s  w ere o b ta in e d .  I n  one o th e r  exp erim en t u s in g  th e  J e o l  GG-MS 

sy s tem , how ever, a  c o n t r a d i c t o r y  r e s u l t  was o b ta in e d .

The r e l a t i o n s h i p  lo g ^  y  = a  + b lo g ^  x  r e p r e s e n ts  a  t r a n s f o r m a t io n  

o f  y  = ax^ ( s t e e l  and  T o r r i e ,  1 960 ) w hich can  be c o n v e n ie n tly  c a l c u l a t e d  

w ith o u t ad ju s tm e n t o f  th e  raw  d a ta  ( s e e  M a te r ia ls  and M ethods, p a r t  8 ) .  

Thus, i n  l a t e r  e x p e rim e n ts  on th e  AEI MS-5 0 , w here a  s e r i e s  o f  b is-T M SI 

-lAA s ta n d a rd  re s p o n s e s  w ere m ade, t h e  r e l a t i o n s h ip  y  = ax^ h a s  b een  

c a l c u la t e d .

A lthough  SED h a s  p ro v e d  a  s e n s i t i v e  te c h n iq u e  f o r  lAA a n a l y s i s ,  

l i t t l e  in fo rm a tio n  i s  a v a i l a b l e  on th e  e f f e c t  o f  im p u r i t i e s  on SID 

m easurem ent. I n  o rd e r  t o  gauge su ch  p o s s ib le  e f f e c t s ,  s e v e r a l  s ta n d a r d s  

o f  bis-TM Si-IA A  c o n ta in in g  v a ry in g  am ounts o f  d ry  p la n t  e x t r a c t  w ere 

s u b je c te d  t o  SID.
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The p la n t  e x t r a c t  was p re p a re d  by  e x t r a c t in g  500 g o f  P . v u lg a r i s  

sh o o t t i s s u e  in  m e th a n o l, fo llo w in g  w hich  th e  e x t r a c t  was p u r i f i e d  

a c c o rd in g  to  p ro c e d u re  No. 1 * At th e  c o m p le tio n  o f  t h e  a c i d -  e th e r  

p a r t i t i o n i n g ,  th e  e x t r a c t  was re d u c e d  t o  a  d ry  r e s id u e  by  REE, A liq u o ts  

o f  t h i s  w ere added  t o  a  s e r i e s  o f  R e a c t i - v i a l s  and  th e  w e ig h t o f  th e  

r e s id u e  i n  each d e te rm in e d , su ch  t h a t  a  d ry  w e ig h t ra n g e  o f  a p p ro x im a te ly  

5 to  15 mg, f o r  fo u r  sam p les , was a t t a i n e d .  T ab le  20 shows th e  w eig h t 

o f  e x t r a c t  i n  each  sam p le .

A s ta n d a r d  o f  bis-TMSi-IAA. in  BSA was th e n  p re p a re d  a t  a  c o n c e n tr -
mm ̂

a t  io n  o f  1 ng p i  , and 100  p i  o f  t h i s  s ta n d a r d  was added  t o  each  

r e s id u e ,  a f t e r  w hich t h e  v i a l s  w ere s e a le d .

T a b le  2 0 ; Dry w eig h t o f  p la n t  e x t r a c t  i n  each  sam ple

Sample No. Wt. o f  e x t r a c t  (mg)

1 1 0 .5

2 1 4 .5

3 7o5

4  4 .7

The sam p les w ere th e n  s u b je c te d  t o  SID a n a ly s i s  (AEI MS-3 0 ) ,  by 

p r e - tu n in g  th e  MS to  d e te c t  t h e  b a se  and  m o le c u la r  io n s  o f  bis-TMSI-LAA, 

nam ely m /e 202 and m /e 519. The GO-MS c o n d i t io n s  w e re ;

colum n: ^fo SP 2250 on S u p e lc o a t ( 1 0 0 -1 2 0 ); 5 f t  g la s s

oven tempo : 210°G

c a r r i e r  g a s ;  h e liu m  a t  40  m l m in

s e p a r a to r  te m p .; 235 + RT^G

so u rc e  te m p .: 225^0

io n i s i n g  v o l t a g e ;  70 eV

I n i t i a l l y ,  an  i n j e c t i o n  o f  1 p i  o f  t h e  o r i g i n a l  s ta n d a r d ,  e q u iv a le n t
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t o  1 ng o f  b is -T M S i- lAA was m ade, and p eak s  a t  b o th  m /e 202 and  m /e 319 

w ere o b se rv ed  a t  a  o f  8 .9  m in . T hree s e p a ra te  i n j e c t i o n s  o f  each  

sam ple vfere th e n  c a r r i e d  o u t ,  and  th e  re sp o n se  a t  a  T^ o f  8*9 m in in  

t e r n s  o f m /e 202 (T ab le  21 ) was gauged .

T a b le  21 ; Sample re s p o n se s  a t  m /e 202 (PA)

Sam ple i 2 1

1 p i  o f  No. 1 5 .2 5 5 .6 0  5 .6 0

1 1 p i  o f  No. 2 5 .6 0 5 .7 8  5 .81

1 p i  o f  No, 3 4 .7 3 4 .7 0  5 .1 3

1 p i  o f  No. 4 4 .9 3 5 .0  5 .8 6

1 p i  o f  O r ig in a l  
S ta n d a rd 5 .0 5 .0  6 .0

In  o r d e r  to  a s s e s s  th e  v a r i a t i o n  betw een  sam p les , one way a n a ly s i s

o f  v a r ia n c e  w as c a r r i e d  ou t u s in g  th e  v a lu e s  o f  th e  sam p les i n  T ab le  21 •

The r e s u l t s  a r e  shown i n  T ab le  22.

T a b le  22; A n a ly s is  o f  v a r ia n c e  f o r  T ab le  21

Source o f  V a r ia t io n SOS DDF Mean Square V a ria n c e  R a t io

Sam ples 1 .5 2 4 0 .3 8  2 .9 5

R e s id u a ls 1 .4 2 10 0 .129

T o ta ls 2 .9 4 14

T hus, no s i g n i f i c a n t  v a r i a t i o n  i n  th e  sam ple re s p o n s e s  was o b se rv e d . 

I t  was t h e r e f o r e  c o n c lu d e d  th a t  th e  e f f e c t  o f  c o n ta m in a n ts  on th e  

m easurem ent o f  lAA b y  SID i s  n e g l ig ib l e  when th e  c o n c e n t r a t io n  o f  lAA 

was 100 ng i n  5 - 1 5  mg o f  p la n t  e x t r a c t  m a te r i a l .  I n  a d d i t io n ,  a l th o u g h  

many compounds a p p e a re d  on th e  TIM t r a c e ,  o n ly  lAA was d e te c te d  a t  m /e 

202 and m /e 319 w ith  each  sam ple (an  exam ple i s  shown i n  F ig u re  2 3 ) ;  

th e re b y  d e m o n s tra tin g  th e  h ig h  s p e c i f i c i t y  o f t h i s  te c h n iq u e .  T hus,



F ig u re  25 : GG-MS re sp o n se  o f  sam ple No, 2

A; TIC d e te c te d  a t  TIM w ith  arrow  in d i c a t i n g  th e  

r e t e n t i o n  tim e  o f  bis-TM Si-IA A  

B; TIC d e te c te d  a t  m /e 202 

C: TIC d e te c te d  a t  m /e 319
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each  o f  th e  c r i t e r i a  l a i d  down f o r  an a n a l y t i c a l  system  have been  met by 

G-C-MS.

( 2 ) h le c t r o n - c a p tu r e  R as-chrom atoR raphy

C o n s id e ra b le  u se  has been  made o f  hCD-GC i n  a n a ly s in g  o th e r  p la n t  

horm ones, such  as a b s c i s i c  a c id  ( P o w e ll, 1 9 7 2 ), b u t few m easurem ents o f  

lAA i n  p l a n t  t i s s u e  have em ployed ECD-GC, u s u a l ly  b ecau se  o f  i n t e r f e r i n g  

im p u r i t i e s  m asking  th e  lAA re sp o n s e  (S e e le y  and P o w e ll, 1 9 7 4 ). N ever­

t h e l e s s ,  t h i s  te c h n iq u e  may be u s e ih l  in  m easu rin g  I M  when more 

e f f i c i e n t  p u r i f i c a t i o n  p ro c e d u re s  a re  u se d  to  " c le a n  up "  th e  p la n t  

e x t r a c t .

I n  o rd e r  to  gauge th e  s e n s i t i v i t y  and re sp o n se  o f  EGD-GrC t o  I M ,  

t h e  HPB-IM-Me d e r iv a t iv e  was p re p a re d  (s e e  R e s u l t s  s e c t io n  A, p a r t  4 ) ;  

i n  a d d i t io n ,  to  m in im ise  th e  r i s k  o f  a c c id e n ta l  c o n ta m in a tio n , th e  

g la s s w a re  was w ashed i n  3 N HGl and r in s e d  i n  d i s t i l l e d  w a te r  p r i o r  to  

t h e  eaqperim ent. Two 1 mg sam p les  o f  I M  were d e r iv a t i s e d .  A f te r  

r e a c t i o n ,  th e  r e s id u e  c o n ta in in g  th e  d e r iv a t i s e d  I M  was d i s s o lv e d  i n  

"HPLG g ra d e "  n -h ex an e  (200 p i ) .  A s o lv e n t b la n k  c o n s i s t in g  o f  th e  

re a g e n t minus IM  v/as s i m i l a r l y  p re p a re d .

B oth  LM sam ples were th e n  d i l u t e d  t o  g iv e  two s ta n d a rd s  whose 

c o n c e n t r a t io n s  w ere 230 pg o f  HbB-IM-iAe in  0 .1  p i  o f  n -h e x a n e , and

30  pg o f  HIB-IM -M e in  0 .1  p i  o f n -h e x a n e , r e s p e c t iv e l y .  The volum e

o f  th e  s o lv e n t b la n k  v/as a d ju s te d  i n  a manner s im i la r  to  t h a t  o f  th e  

seco n d  s ta n d a rd .

Each sam ple was th e n  a n a ly se d  by ECD-GX] a t  th e  fo llo w in g  c o n d i t io n s  : 

colum n: 37» OV-1 7

oven tem p»: 1 70°G

c a r r i e r  g a s :  N^ a t  40 ml min

d e t e c to r :  EGD

The I M  sam ples y ie ld e d  o n ly  one peak  a t  a  T̂  ̂ o f  3*6 m in . A s e r i e s  

o f  i n j e c t i o n s  o f  each  s ta n d a rd  w ere th e n  made to  e s t a b l i s h  a  r e l a t i o n s h i p
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2
b etw een  PA (cm ) and amount o f  th e  r e s u l t s  o f  b o th  sam ples

w ere fo u n d  to  be s i m i l a r ,  A igure 24 r e p r e s e n t s  th e  r e l a t i o n s h i p  betw een  

amount o f  d e r iv a t i s e d  liu-i (p g ) and re sp o n se  f o r  th e  f i r s t  sam ple o f  

KbB-IüA-Me s ta n d a rd  d i lu  t i o n s .  No a llo w an ce  f o r  r e a c t io n  y i e l d  has 

been  made in  th e  c o n s tn u c t io n  o f F ig u re  24, th u s  th e  a c t u a l  re sp o n se  o f  

EGD-GO to  HF’B-lAA-ivle must have been  c o n s id e ra b ly  lo w e r , s in c e  th e  amount 

o f  XAA. p r e s e n t  as hl'B-IAA-lvle a f t e r  d é r iv â t  i s  a t  Io n  was p r e v io u s ly  shown 

t o  be  5 2 ,3>*

A lthough  a  l i n e a r  re sp o n se  to  a l i m i t  o f  25 pg was n o te d  w ith  th e

d e r i v a t i s e d  sa m p le s , a r e s p o n s e  a t  a s im i l a r  r e t e n t io n  tim e  was a ls o

d e te c te d  w ith  th e  s o lv e n t  b la n k . F o r exam ple, two i n j e c t i o n s  o f  1 p i

o f  t h e  s o lv e n t b la n k  gave r i s e  to  p e a k s  w ith  a o f  5*6 min and PA o f 
2

0 ,4  and  0 .2 5  cm , r e s p e c t iv e l y .  \Vhen com pared to  th e  lAA sa m p le s , an 

i n j e c t i o n  o f  1 p i  o f  th e  second  d i l u t e d  s ta n d a rd  w ould  have r e s u l t e d  i n  

an  o f f - s c a l e  r e s p o n s e .  I t  i s  a p p a re n t t h a t  th e  p re s e n c e  o f  a  p o s i t i v e  

r e s u l t  in  th e  s o lv e n t  b lan ic , a l b e i t  sm a ll in  v a lu e ,  p r e s e n ts  p rob lem s f o r  

q u a n t i t a t i v e  e s t k n a t io n s  o f  IAA„ The re sp o n se  o f  th e  EGD-GO to  th e  

s o lv e n t  b la n k  was s u b s t a n t i a t e d  in  a r e p e a t  e x p e rim e n t.

T h e re fo re ,  a l th o u g h  th e  HFB d e r iv a t iv e  o f lAA-Me p ro v ed  u s e f u l  f o r  

EGD-GG s t u d i e s ,  th e  p o s i t i v e  re sp o n se  o f th e  s o lv e n t b la n k  h a s  made 

d o u b tfu l  th e  s u i t a b i l i t y  o f  such  a te c h n iq u e  f o r  q u a n t i t a t i v e  s t u d i e s .

(3)  Hadio-GLG

The two p re v io u s  s e r i e s  o f ex p erim en ts  d e s c r ib e d  two m ethods o f 

a n a ly s in g  sam ples f o r  lAA. I f  such te c lm iq u e s  a re  u se d  a t  th e  

co m p le tio n  o f  a  p u r i f i c a t i o n  p ro c e d u re , th e n  an e s t im a t io n  o f  th e  

lo s s e s  o f  lAA in c u r r e d  sh o u ld  be u n d e r talc en (ivlann and J a w o rs k i ,  1 9 70 ).

The m ost common m ethod o f  a s s e s s in g  th e s e  lo s s e s  i s  by th e  in c lu s io n  o f  

a  r a d io a c t iv e  i s o to p e  a t  th e  o n s e t o f th e  p u r i f i c a t i o n  p ro c e d u re s ;  th e  

p e rc e n ta g e  re c o v e ry  o f  lAA i s  th e n  c a l c u la te d  a t  th e  i d e n t i f i c a t i o n  

s ta g e  by m o n ito r in g  th e  t o t a l  r a d i o a c t i v i t y  rem a in in g  i n  th e  sam p le ,
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F ig u re  2 4 ; R esponse o f  EGD-GÜ to  IfFB-ÏM-Me

Key: A -  R esponse o f  s tan d ard , whose co n e , was

250 pg 0 .1  pi'"'*

tJ -  R esponse o f s ta n d a rd  whose co n e , was 

50 pg 0 .1  p i  ^
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u s u a l ly  by l i q u i d  s c i n t i l l a t i o n  sp e c tro m e try  ( e.g;. H obertson  ^  a l . , 

1976 ) .  T h is  m ethod o f  a s s a y  h as  th e  obv ious d is a d v a n ta g e  o f  b e in g  

u n a b le  to  i d e n t i f y  th e  com ponents t h a t  c o n t r ib u te  to  th e  r a d i o a c t i v i t y  

p r e s e n t .  In  c o n t r a s t ,  i f  a r a d i o a c t i v i t y  m o n ito r c o u p le d  to  a  

ch ro m a to g rap h ic  system  i s  u se d , th e n  any r a d io a c t iv e  c o n ta m in a n ts  can  

be  s e p a r a te d  from  th e  lAA p i’i o r  to  r a d i o a c t i v i t y  a n a ly s i s .  T here a r e  

two common sy s tem s , nam ely radio-TLG  and radio-G-liC, At p r e s e n t ,  r a d io  

-G-LG h as  th e  ad v an tag e  o f  g r e a t e r  r e s o lu t io n ,  in  a d d i t io n  to  th e  f a c t  

th a t  i t  can  a n a ly se  th e  r a d i o a c t i v i t y  in  a  sam ple in te n d e d  f o r  e i t h e r  

GG-MS o r  EGD-GG a n a ly s is »
14-

In  th e  fo llo w in g  e x p e r im e n t, a  sam ple o f [ G]-IAA was e s t e r i f i e d

w ith  BSA and s u b je c te d  to  rad io -G IG  a n a ly s i s  to  d e te rm in e  th e  re s p o n se

c h a r a c t e r i s t i c s  o f  th e  r a d io  m o n ito r . The sam ple was p re p a re d  by

14-rem oving th e  s o lv e n t  from  10 p i  o f  [ G]-IhA s o lu t io n  in  R e a c t i - v i a l s ,

ad d in g  BSA (200 p i ) ,  s e a l in g  t h e  v i a l s ,  and h e a t in g  th e  m ix tu re  f o r

3 h a t  60° G. A f te r  c o o l in g ,  t h r e e  a l i q u o t s o f  3 p i  w ere rem oved from

th e  sam ple and th e  r a d i o a c t i v i t y  a s s e s s e d  by l i q u i d  s c i n t i l l a t i o n

c o u n tin g ;  th e  mean o f  th e s e  th r e e  v a lu e s  waa found  to  be 14,711
r l 4  .

dpm. P re v io u s ly  th e  o r ig i n a l  [ Gj-IAA sam ple had  been  shown by

radio-TLG  to  have a ra d io c h e m ic a l p u r i ty  o f  92»4/o, and s in c e  th e  >

c o n v e rs io n  o f  lAA to  bis-TM Si-liU v had p re v io u s ly  been  shown to  be lOO/o,

14th e  r a d i o a c t i v i t y  a t t r i b u t a b l e  to  b is-T M S i-[ G]-IAA was c a l c u l a t e d  as

13,593*3 dpm p e r  3 p l .  The sam ple was th e n  s u b je c te d  to  rad io -G IG

analysis (as described in Materials and methods, part 7 (d ) )  as a range
o f  a l iq u o t s  o f  v a ry in g  vo lum es. Prom th e  r e s u l t a n t  t r a c e ,  th e  T̂ "̂

14o f  b is -T M S i-[ C]-lAA was found  to  be 3^0 m in. A f te r  c a l c u l a t i n g  th e  

cpm d e te c te d  in  each  sam ple (T ab le  2 3 ) , th e  t r u e  dpm and n e t  cpm w ere 

p l o t t e d  as a g rap h  (P ig u re  2 3 )o

I t  was o b se rv e d  th a t  a re sp o n se  to  a t  l e a s t  1 ,300  dpm c o u ld  be 

o b ta in e d  from  t h e  rad io -G IG  and th a t  th e  r e l a t i o n s h ip  betw een  n e t  cpm
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T ab le  23 : Net cpm d e te c te d  i n  b is-T M S i- by  rad io-G IG

Volume o f samp le  ( u l )  Net cpm

0*5 151 .7 1359 .4

1 220 2718.7

2 307 .3 5437 .4

3 391 o 6 8156.1

4 533.3 1087408

5 660 135 9 3 .5

1 220 2 7 1 8 .7

and t r u e  dpm rem ained  l i n e a r  o v e r a  w ide range»

I n  l a t e r  e x p e rim e n ts , th e  range  o f  l i n e a r i t y  was ex ten d ed  in  some 

c a s e s  to  in c lu d e  200 dpm ; t h i s  in  i t s e l f  may n o t r e p re s e n t  a  t r u e  

in d i c a t i o n  o f th e  low er s e n s i t i v i t y  l i m i t  » M oreover, th e  fo c o u n tin g  

e f f i c i e n c y  o f  th e  r a d i o a c t i v i t y  m o n ito r  was found  to  v a ry  by  a s  much a s  

10^  from  eisperim ent to  experim en t « In  no c a s e , how ever, d id  any 

s i g n i f i c a n t  v a r i a t i o n  o c c u r d u rin g  any sam ple analysis®

In  c o n c lu s io n , t h r e e  d i f f e r e n t  GLC d e te c to r s  have been  u sed  in  

a n a ly s in g  lAA i n  samples® The GG-MS system  p ro v ed  more u s e f u l  th a n

EGD-GG, and i t  a ls o  met th e  c r i t e r i a  r e q u ir e d  f o r  an a n a l y t i c a l  system* 

Radio-GLG was found  to  b e  s u i t a b l e  f o r  d e te c t in g  th e  t r u e  dpm a t t r i b u t ­

a b le  t o  b is -T M S i-[ ^'^G]-lAA i n  sam ples in te n d e d  f o r  f u r t h e r  GIG a n a ly s is ,
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F ig u re  2 5 : R e la t io n s h ip  be tw een  n e t cpm d e te c te d  by  radio-G LG  and

t  ru e  dpm
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SECTION G : The Analysis o f lAA in Phaseolus vulgaris

( l ) Q u a n t i f i c a t io n  o i  f r e e  I aA in  sh o o t t i s s u e

N orm ally , th e  m easurem ent o f  any compound in  m a te r i a l  o f a  b i o l o g i c a l  

n a tu r e  fo llo w s  a b a s ic  m ethod ; ( i )  th e  i s o l a t i o n  o f  th e  compound from 

th e  b io l o g ic a l  sp ec im en , and ( i i )  th e  a n a ly s i s  o f  th e  compound by  a 

s u i t a b l y  s p e c i f i c  m ethod (Vanden lieu v e l and A acch e i, 19 7 6 ).

F o r compounds p r e s e n t  in  low  am ounts i n  a  t i s s u e ,  th e  i s o l a t i o n  s ta g e  

w i l l  o b v io u s ly  r e q u i r e  s e v e r a l  in d e p en d en t s t e p s .  Gorarnonly, th e s e  w i l l  

in v o lv e  e x t r a c t i o n ,  s o lv e n t  p a r t i t i o n i n g  and  c h ro m a to g rap h ic  p ro c e d u re s .

In  o rd e r  t o  d ev e lo p  a r e l i a b l e  p u r i f i c a t i o n  p ro c e d u re  f o r  f r e e  lAA in  

sh o o t t i s s u e  e x t r a c t s  o f  P . v u l g a r i s , v a r io u s  sy stem s w ere a s s e s s e d  on 

t h e i r  r e l a t i v e  a b i l i t y  t o  p u r i f y  such  e x t r a c t s  in  R e s u l ts  s e c t io n  A»

By th e  c o m b in a tio n  o f th o s e  m ethods t h a t  w ere found  to  s i g n i f i c a n t l y  

red u ce  th e  d e g re e  o f  c o n ta m in a tio n  o f lAA e x t r a c t s ,  i t  s h o u ld  be p o s s ib le  

t o  o b ta in  a  r e l i a b l e  o v e r a l l  p ro c e d u re  s u i t a b l e  f o r  th e  p u r i f i c a t i o n  o f  

sh o o t t i s s u e  e x t r a c t s .

Those m ethods t h a t  w ere deemed s u i t a b l e  a r e ;

A, M ethanol f o r  th e  e x t r a c t i o n  o f  th e  t i s s u e

B. P re l im in a ry  p u r i f i c a t i o n  o f  e x t r a c t s  by m ethod 1

Go C olum n-chrom atography u s in g  e i t h e r  o r  b o th  D E A E -cellu lose  o r

FVP a s  s o l i d  s u p p o r ts  

D. TIG on s i l i c a  g e l  l a y e r s  i n  m ethy l a c e ta te :p r o p a n - 2 - o l :2 5 ^ '

ammonia (4 5 :3 5 ^ 2 0 ; v /v )

I f ,  how ever, an  e x t r a c t  o f  P . v u lg a r i s  i s  p u r i f i e d  a c c o rd in g  to  th e  

above ty p e  o f  p ro c e d u re ,  th e n  i t  i s  a p p a re n t t h a t  th e  a n a ly s i s  s ta g e  

sh o u ld  n o t o n ly  in c lu d e  an  a s se s sm e n t o f  th e  lAA re m a in in g , b u t s h o u ld  

a l s o  i n d i c a t e  th e  amount o f  Ik k  t h a t  i s  in e v i t a b l y  l o s t  d u rin g  p u r i f i c ­

a t i o n .  The e x p e rim e n ts  c o n d u c te d  i n  R e s u lts  s e c t i o n  B in d i c a te d  t h a t  

th e s e  two re q u ire m e n ts  c o u ld  be  met by s u b je c t in g  a  p u r i f i e d  e x t r a c t ,  

a f t e r  r e a c t io n  w ith  BSA, to  GG-MS and rad io-G IG  a n a l y s i s ,  r e s p e c t iv e l y .
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The l e v e l s  o f  lA à in  sh o o t t i s s u e  o f  P . v u lg a r i s  w ere th u s  a s s e s s e d  

by  com bining th e  above m ethods in to  one o v e r a l l  scheme ( l i g u r e  26 )»

T hree b a tc h e s  o f  500 g ( f r e s h  w e ig h t)  o f sh o o t t i s s u e  w ere 

e x t r a c te d  in  3 1 o f  m eth an o l f o r  24 h  a t  -15°C  in  d a rk n e s s ; a  s o lv e n t  

b la n k  o r  c o n t r o l  was a l s o  p r e p a re d .  T h e r e a f te r  th e  m e th a n o lic  e x t r a c t s  

w ere f i l t e r e d  th ro u g h  „hatm an No. 1 p a p e r ,  w ith  th e  p la n t  r e s id u e  b e in g  

r i n s e d  in  two iU r th e r  b a tc h e s  o f  5^0 ml o f  m e thano l and r e - f i l t e r e d .

An a l iq u o t  (10 p l )  o f  [^^C]-1AA m e th a n o lic  s o lu t i o n  was th e n  added  to  

each  f i l t r a t e ,  and th e  dry w e ig h t o f  th e  r e s id u e s  rem a in in g  w ere a ls o  

ta k e n .  The m e th a n o lic  f r a c t i o n s  w ere su b se q u e n tly  red u ce d  t o  an aqueous 

p h ase  a t  36°C by  Rl'E, fo l lo w in g  w hich th e  aqueous f r a c t i o n s  w ere f i l t e r e d  

by  M c h n e r  f i l t r a t i o n ,  w ith  t h e  r e s id u e  re m a in in g  in  th e  f l a s k  b e in g  r e  

-w ashed  w ith  t h r e e  l o t s  o f  50 ml o f  d i s t i l l e d  w a te r  and f i l t e r e d .  The 

pH o f th e s e  aqueous p h a se s  was s u b s e q u e n tly  a d ju s te d  to  3*0 by  th e  

a d d i t io n  o f  2 N HGl, a f t e r  w hich  th e  a c i d i f i e d  aqueous f r a c t i o n s  w ere 

p a r t i t i o n e d  th r e e  t im e s  a g a in s t  e q u a l volum es o f  d i e th y l  e t h e r .  The 

com bined e th e r  la y e r s  o f  each  sam ple w ere th e n  ta k e n  to  di’y n ess  by  ElE 

and th e  r e s id u e s  w ere r e d is s o lv e d  in  ap p ro x im a te ly  20 ml o f  m e th an o l ( s e e  

R e s u l ts  s e c t i o n  A, p a r t  1 ( b ))»

P o r colum n ch ro m a to g rap h y , an i n i t i a l  column o f  D E A B -cellu lose was 

u s e d  p r i o r  t o  a seco n d  colum n o f  PVP, by  v i r t u e  o f  th e  h ig h e r  lo a d in g  

c a p a c i ty  o f  th e  c e l l u l o s e .  Thus th e  m e th a n o lic  e x t r a c t s  w ere a p p l ie d  to  

i n d iv id u a l  colum ns o f  D E A E -cellu lo se  ( s e e  R e su lts  s e c t i o n  A, p a r t  2 ( b ) ) ,  

and  e l u t e d ,  f i r s t l y  w ith  d i s t i l l e d  w a te r  (300 m l) ,  and  th e n  w ith  0*05 M 

Na^SO^ s o lu t io n  (350 m l)» F o llo w in g  e lu t io n  th e  IM  f r a c t i o n s  w ere 

re c o v e re d  by a c i d i c - e t h e r  p a r t i t i o n i n g  o f  th e  s u lp lia te  e l u a t e s .  The 

r e s u l t a n t  e th e r  l a y e r s  w ere red u ce d  M  vacuo and th e  r e s id u e s  r e d i s s o lv e d  

in  1 -  2 m l o f  m e th a n o l. T hese m e th a n o lic  e x t r a c t s  w ere a p p l ie d  to  

colum ns o f  PVP (s e e  R e s u l ts  s e c t io n  A, p a r t  2 ( c ) ) ,  and  e lu te d  w ith  

p h o sp h a te  b u f f e r  (pH 8 , 0 ) ,  The lA A -co n ta in in g  zone o f  th e  e l u a t e s ,
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F ig u re  2 6 ; O v e ra ll  scheme f o r  q u a n t i f i c a t i o n  o f I M  i n  P . v u lg a r i s  

sh o o t t i s s u e

M ethano l E x t r a c t

i
r14 1i n t e r ,  add |_ C J -IM  and re d u c e  ^  vacuo

Aqueous R esid u e

F i l t e r  and  a c id  p a r t i t i o n  

E th e r

Reduce M  vacuo and  r e d i s s o lv e  i n  m e th a n o l 

L E A E -C ellu lose

i

I

I P rew ash  vd.th d i s t i l l e d  w a te r ,  e l u te  w ith  
sodium  s u lp h a te  s o lu t i o n  and th e n  a c id  
p a r t i t i o n

i
E th e r

Reduce n  vacuo and r e d i s s o lv e  i n  m e th an o l 

PVP

E lu te  w ith  p h o sp h a te  b u f f e r  and a c id  
p a r t i t i o ni

D ie th y l  E th e r

i R educe in  vacuo and  r e d i s s o lv e  in  m e th an o l

TLC in  M ethyl a c e ta t e  : p ro p a n -2 -o l  : ammonia

I E lu te  Rp zone w ith  m e th a n o l, re d u c e  n  vacuo 
I an d  r e d i s s o lv e  in  e th e r

E th e r

Dry u n d e r  n i t r o g e n  and r e a c t  w ith  BSA

D e r iv a t i s e d  E x t r a c t  
f o r  GC-iviS and 

Radio-GLG
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p r e v io u s ly  shown t o  be i n  t h e  re g io n  o f  9 0 -  170 m l, w ere c o l l e c t e d .  A f te r  

a c i d i f i c a t i o n ,  th e s e  f r a c t i o n s  w ere p a r t i t i o n e d  th r e e  tim e s  a g a in s t  

e q u a l volum es o f  e t h e r ,  th e  e t h e r  rem oved ^  v a c u o , and th e  re s id u e s  

rem a in in g  w ere ta k e n  up in  a  m in im al volum e o f  m e th a n o l.

A f te r  t h e  above p e r io d  o f  column ch rom atog raphy , th e  m e th an o l f r a c t io n s  

w ere s u b je c te d  to  TLG by  a p p ly in g  each  e x t r a c t  to  S i l  G-UV 25^ TLC 

p l a t e s  a s  a  s t r e a k ,  w ith  a d ja c e n t  l a t e r a l  s p o ts  o f  a u th e n t ic  lAA. 

ib l lo w in g  developm ent o f  th e  TLG p l a t e s  in  m e th y l a c e t a t e :p ro p a n -2 -o l :

29ÿ  ̂ ammonia (4 5 0 5 * 2 0 , v / v ) , th e  p o s i t i o n  o f  th e  lAA r e f e r e n c e  s p o ts  was 

n o te d  by exam in ing  th e  p l a t e s  u n d e r  UV l i g h t  (T ab le  2 4 ) , The zone on 

each  TLG p l a t e  c o rre sp o n d in g  t o  th e s e  Ep v a lu e s  c o n ta in in g  th e  sam ples 

was th e n  r a p id l y  rem oved and  e lu te d  w ith  m e thano l (25 m l) in  a 10 ml 

s i n t e r e d  g l a s s  i lu in e l .  T hese m e th an o l e lu a te s  w ere s u b se q u e n tly  ta k e n  

to  d ry n e ss  v a c u o , and th e  d ry  w e ig h ts  o f  each  a s c e r t a in e d .  F o r th e  

p la n t  e x t r a c t s  th e  w e ig h ts  w ere 1 4 ,2 ,  3 .9 8  and 3*14 mg, r e s p e c t iv e l y ,  and 

f o r  th e  s o lv e n t  b la n k  1 ,9 8  mg; i n  a d d i t io n  each  e x t r a c t  was seen  to  

c o n ta in  a  s i g n i f i c a n t  auoun t o f  s i l i c a  g e l .  The p re se n c e  o f  s i l i c a  g e l  

i n  e x t r a c t s  a f t e r  re c o v e ry  from  TLG p l a t e s  u s in g  la rg e  s o lv e n t  volum es 

h a s  b een  p r e v io u s ly  d e s c r ib e d  and n o te d  by b e z e l  ( l9 7 7 ) .  o rd e r  t o  

remove t h i s  c o n ta m in a tio n , th e  sam p les were r e d is s o lv e d  in  e t h e r  and 

c l a r i f i e d  by  low  sp eed  c e n t r i f u g a t i o n .  A f te r  rem oval o f  th e  e x t r a c t s  

from  th e  c e n t r i f u g e  tu b e s ,  th e  sam p les w ere d r ie d  u n d e r a  l i g h t  s tre a m  

o f  n i t r o g e n ,  and th e  d ry  w e ig h ts  re c o rd e d  (T ab le  2 4 ) . T hus, th e  e f f e c t  

o f  r e d is s o lv in g  th e  sam p les in  e th e r  was e s s e n t i a l l y  to  red u ce  c o n s id e r ­

a b ly  th e  o v e r a l l  c o n ta m in a tio n  o f  th e  lAA zone . The d ry  r e s id u e s  o f  

each  sam ple w ere th e n  r e a c te d  w ith  BSA (20 p i )  in  s e a le d  R e a c t i - v i a l s  

f o r  3 k û-t 60^G,

By u s in g  th e  f i n a l  e x t r a c t  d ry  w e ig h ts ,  i t  was p o s s ib le  t o  c a l c u l a t e  

th e  amount o f lAA t h a t  m ust be  p r e s e n t  f o r  GG-MS a n a l y s i s .  In  th e  

ex p erim en t on th e  SIL d e t e c t io n  o f lAA (.see R e s u l ts  s e c t io n  B, p a r t  1 )
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T ab le  2 4 î Dry w e ig h ts  and  Rp v a lu e s  o f  sh o o t t i s s u e  e x t r a c t s

T is s u e  d ry  wt (g )

Rf v a lu e  o f  lAA 
s ta n d a rd s

T is su e  e x t r a c t  
d ry  wt (mg)

1

28o9

0 .2 3 -0 ,3 1

0 .7 9

E x tra c t

2

4 7 .3

0 .8 2

3

52.6

1 .7 0

S o lv en t
B lank

0 .3 5 -0 .4 4  0 .3 8 -0 .4 9  0 .3 7 -0 .5 3

0 .22

i t  was shown t h a t  GG-MS te c h n iq u e s  a r e  c a p a b le  o f  m easu rin g  lAA (lOO ng) 

i n  e x t r a c t s  whose d ry  w eig h t was 15 mg. By com paring t h i s  v a lu e  to  th e  

d ry  w eigh t o b ta in e d  above , i t  was c a l c u la t e d  t h a t  th e  amount o f  lAA. i n  

th e  sam ples c o u ld  b e  a s  low  a s  10 ng to  e n a b le  a c c u ra te  q u a n t i f i c a t i o n .

I n  a d d i t io n ,  i f  10 ng i s  p r e s e n t  in  each  sam p le , th e n  a  2 p i  i n j e c t i o n  

sh o u ld  y i e l d  a re sp o n se  o f 1 n g , w hich  i s  a  v a lu e  l a r g e r  th a n  t h a t  o f  

th e  l e a s t  d e t e c ta b le  amount o f  lAA.

The a n a ly s i s  o f  lAA in  each  sam ple was u n d e r ta k e n  w ith  t h e  J e o l  

JMS D-100 MS, and GC s e p a r a t io n s  w ere p erfo rm ed  as  d e s c r ib e d  in  M a te r ia ls  

and M ethods, p a r t  6 , I n i t i a l l y ,  o n ly  th e  sam ple from  p la n t  e x t r a c t  1 

was a n a ly s e d ,  w ith  th e  o th e r  sam ples b e in g  a n a ly se d  on a  d i f f e r e n t  o c c a s io n .

The MS was c a r e f u l l y  tu n e d  to  d e te c t  io n s  o f  m /e 202 o n ly . A s e r i e s  

o f  i n j e c t i o n s  u s in g  s ta n d a r d  bis-TM Si-IA A  (lO  ng p i   ̂) w ere made in  o rd e r  

to  c o n s t r u c t  a s ta n d a rd - r e s p o n s e  c u rv e . For th e  s ta n d a rd  ra n g e  o f  10 

t o  40 n g , th e  peak  re sp o n se  a t  T^ = 8 .2  min was fo u n d  t o  be l i n e a r  

(F ig u re  2 7 ) ,  w ith  th e  y  i n t e r c e p t  v a lu e  b e in g  -0 .0 0 4 9  and r  = 0 .9 9 3 6 .

Two i n j e c t i o n s  o f  1 p i  o f  t h e  sam ple were th e n  made; b o th  r e s u l t e d  i n  

p eak s  whose Tp was e q u iv a le n t  t o  t h a t  o f  a u th e n t ic  bis-TM Si-IA A , and 

a re a s  w ere 0 ,4 0  and  0 .3 3  cm^ (H g u r e  2 8 ), C a lc u la t io n  o f  th e  mean 

amount o f bis-TM Si-IA A  e q u iv a le n t  t o  th e s e  re sp o n se s  in v o lv e d  ta k in g  

th e  y - i n t e r c e p t  v a lu e  o f  t h e  re sp o n se  c u rv e  a s  0 , T hus, th e  sam ple was
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R e la t io n s h ip  betw een re sp o n se  a t  ra/e 202 (PA.) and amount o f  
bis-TM Si-IA A  i n j e c t e d
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fo u n d  t o  c o n ta in  a mean v a lu e  o f  15*7135 ng o f  bis-TM Si-lA A  p e r  p i .

S in ce  th e  >o y i e l d  o f  bis-TM Si-IA A  fo rm a tio n  was p r e v io u s ly  found  to  be 

100> , th e  o r i g i n a l  sam ple a t  th e  d e r i v a t i s a t i o n  s ta g e  was c a l c u la t e d  to  

c o n ta in  314,31 ng o f  IaA .

A lthough  p re v io u s  r e s u l t s  in d i c a te d  th a t  sam ple re s p o n s e s  in  GG-MS 

a n a ly s i s  a t  t h i s  l e v e l  o f  p u r i t y  a re  u n a f f e c te d ,  i t  i s  s t i l l  d e s i r a b l e  

t h a t  some check  i s  made on any p o s s ib le  e f f e c t s  on th e  sam ple re sp o n se s  

t h a t  may a r i s e  by v i r t u e  o f  th e  sam ple and s ta n d a rd s  h av in g  a  d i f f e r e n t  

t o t a l  c o m p o s itio n . Two m ethods w ere chosen  to  d e te rm in e  i f  such  e f f e c t s  

o c c u r re d , f i r s t l y ,  an  i n j e c t i o n  o f  th e  sam ple was made in to  th e  GG-MS 

and a m ass sp ec tru m  was ta k e n  a t  th e  T^ v a lu e  o f  a u th e n t ic  bis-TM Si-IA A . 

The r e s u l t a n t  m ass spectrum  was c o n s i s te n t  w ith  t h a t  o f  bis-TM Si-IA A . 

S eco n d ly , a  c o - in j e c t io n  o f  1 p i  o f  th e  p la n t  e x t r a c t  sam ple and  10 ng

o f  th e  s ta n d a rd  was m ade, and th e  GG-MS re sp o n se  c a l c u la t e d .  T h is  was
2

found  to  be  O.6 3  cm , th u s  in d i c a t i n g  t h a t  no s u p p re s s io n  o f  th e  b is-T M Si

-lAA re sp o n se  by  sam ple c o n ta m in a n ts  o c c u rre d .

I n  o rd e r  to  c a l c u l a t e  th e  o r ig i n a l  amount o f  lAA in  th e  p la n t  e x t r a c t ,

th e  v a lu e  o f  lAA d e te rm in e d  in  th e  sam ple had to  be c o r r e c te d  to  t a k e

acco u n t o f  two f a c t o r s ,  v i z .  th e  lo s s e s  in c u r r e d  o f  I aA d u rin g  th e

p u r i f i c a t i o n  p ro c e d u re , and th e  c o n t r ib u t io n  t h a t  t h e  r a d io a c t iv e  IAA,

o r i g i n a l l y  added a t  th e  o n se t o f  th e  p u r i f i c a t i o n  p ro c e d u re , w ould  malce

to  th e  GG-MS re s p o n s e . These two f a c t o r s  were d e te rm in e d  by s u b je c t in g

th e  p la n t  sam ple to  rad io -G IG  a n a ly s i s  a s  d e s c r ib e d  i n  M a te r ia ls  an d

M ethods, p a r t  7 ( d ) , The oven te m p e ra tu re  o f th e  GG was 200^0 and  th e
-1

com bined flow  r a t e  5 2 .6  ml m in . An i n i t i a l  i n j e c t i o n  o f  6 ,9 2 2 .0  dpm

o f  b i s - T M S i - - I A A  and  10 pg o f bis-TM Si-IAA re v e a le d  th e  T^ o f  IAA

on th e  r a d io -m o n ito r  to  b e  7 .2  m in . A s e r i e s  o f i n j e c t i o n s  o f  th e  

bis-TivI3i-[^'^G]-IA A w ere th e n  m ade, each  y ie ld in g  o n ly  one p eak  a t  th e  

r a d io -m o n ito r .  Ibrom th e s e  i n j e c t i o n s ,  th e  mean c o u n tin g  e f f i c i e n c y  o f  

th e  radio-GLG was fo u n d  t o  be 43.4/4) f o r  sam p les . T hree i n j e c t i o n s
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o f  th e  p la n t  sam ple w ere th e n  made w ith  two r a d io a c t iv e  compounds b e in g

d e te c te d  on each i n j e c t i o n  (F ig u re  2 9 ) . The p eaks  whose T^ w ere
14

e q u iv a le n t  t o  b is -T M S i-[ 0 ]-IA il w ere th e n  u sed  to  c a l c u l a t e  th e  cpm 

14a t t r i b u t a b l e  to  [ Cj-IAA. in  th e  sam p le , w hich was fo u n d  to  be 540 cpm
“ 1 r l 4  -1p i  . From t h i s  v a lu e ,  th e  t r u e  dpm and hence th e  % re c o v e ry  o f  L Gj

-IAA was z 'e a d ily  c a l c u l a t e d  (T ab le  2 6 ) . In  a d d i t io n ,  s in c e  th e  s p e c i f i c
14

a c t i v i t y  o f  th e  [ C ]-IaA  s ta n d a rd  was known and th e  t r u e  dpm in  th e  

sam ple had  b een  c a l c u l a t e d ,  th e n  th e  c o n t r ib u t io n  o f  t h e  r a d io a c t iv e  

IAA to  th e  IvdS re sp o n se  o f  th e  sam ple was r e a d i ly  d e te rm in e d  (T ab le  2 6 ) .

A f te r  c o r r e c t io n  f o r  th e s e  two f a c t o r s ,  th e  c o n te n t o f  IAA i n  th e  

p la n t  t i s s u e  in  te rm s o f  b o th  d ry  and f r e s h  w eigh t ' was f i n a l l y  c a l c u l a t e d  

(T ab le  2 6 ) .

The two o th e r  p la n t  sam ples and th e  s o lv e n t b la n k  were s u b je c te d  t o  

s i m i l a r  a n a l y t i c a l  p ro c e d u re s ,  and th e  m /e 202 t r a c e s ,  radio-GLG re s p o n s e s  

and  IAA c o n te n ts  a re  shown in  F ig u re s  28 and 29, and T ab le  26 . F o r th e s e  

p la n t  sam p les , how ever, no mass sp ec tru m  was ta k e n ,  th e  m ethod in v o lv in g  

C O - i n j e c t i o n  o f  sam ple and s ta n d a rd  was u sed  to  a s c e r t a i n  i f  any sam ple  

e f f e c t s  on th e  GG-MS re sp o n se  w ere n o te d  (T ab le  2 5 ) . In  f a c t ,  a s  n o te d  

p r e v io u s ly ,  no such  e f f e c t s  w ere o b se rv e d .

T a b le  2 5 : R e s u l t s  o f  sam ple s ta n d a rd  a d d i t io n s

S td  o f  10 ng o f  bis-TiViSi-IAA 0*29

1 p i  o f  sam ple 2 0*69

1 p i  o f  sam ple 3 0 .1 9

1 p i  o f  sam ple 2 + 10 ng s t d  1 .1 0

1 p i  o f  sam ple 3 + 10 ng s t d  0 .4 9

i/e  202 re sp o n s e  (PA. cm^)

T hus, th e  c o n te n t  o f  IAA was found  to  be in  th e  ra n g e  o f  1 .7  t o  3 .8  

—1pg kg f r e s h  w eig h t o f  t i s s u e .  W ith re g a rd  to  t h e  s o lv e n t b la n k ,  th e
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F ig u re  2 8 ; ÜID re sp o n s e s  o f  p l a n t  e x t r a c t  sam p les

P la n t  e x t r a c t  h o . 1

(t I t  *1 2

I* M H ^

S o lv e n t b la n k

Arrow in d i c a t e s  Ï., o f  a u th e n t ic  b i s  -  TMSi -  IAA ii
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Fiy<u.re 29 : Kadio-GLC re s p o n s e s  o f  p la n t  e x t r a c t  sam ples

A: P la n t  e x t r a c t  Wo, 1

B : " " " 2

G : " •' " 3

D: S o lv e n t b la n k

Tj, o f  a u th e n t ic  b i s  -  TMSi -  IAA f o r  A = 7 .2  m in; f o r  rem a in d er 6 ,4  m in .
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T ab le  26 : L ev e ls  o f  IAA in  sh o o t t i s s u e  o f  F h a se o lu s  v u lg a r i s

P la n t  Sample S o lv en t
1 2 3 _________ b la n k

To p u r i f i c a t i o n  e f f i c i e n c y  . ^  .q  . c p a  c
by  radio-G LG  ‘ ^

IAA d e te c te d  by  SXU i n  ^  20
t o t a l  sam ple (ng)

C o n tr ib u t io n  to  SXD r e s u l t  
by  [14c]-IA A  (ng)

C o n ten t o f  IAA
(pg kg’''^ f r e s h  w t)

Cont en t o f  IAA 
(pg kg"^ d ry  w t)

1 0 0 .27  7 7 .2 3  2 1 .0  1 8 .2 8

1 .7 2 6  3 .7 9 9  3 .423

2 9 .8 6 4  4 0 .1 3  3 2 .5 4

14v a lu e  o f IAA d e te c te d  by SIX) and  t h a t  c o n t r ib u te d  by [ C]-IAA was c lo s e  

enough to  assum e t h a t  no IAA was a c c id e n ta l ly  in c o rp o r a te d  in t o  th e  

sam ples from  e i t h e r  th e  p u r i f i c a t i o n  p ro ced u re  o r  th e  m a te r i a l s  u se d .

I f ,  how ever, th e  radio-G LC  p r o f i l e  o f  th e  fo u r  sam ples a re  com pared 

(F ig u re  29 and  T ab le  27) th e n  th e  yi o f  th e  t o t a l  re c o v e re d  r a d i o a c t i v i t y  

p r e s e n t  as lAiV can  be se e n  to  v a ry  d ra m a tic a lly o

T ab le  2 1 % cpm and r e t e n t i o n  tim e  (T^ ) o f  r a d io a c t iv e  compounds 
d e te c te d  i n  each  sam ple by  radio-GLC

6 o4 m in

Sample Tr (min1 as  [14C]_

P la n t  e x t r a c t  No 1 0 .5 160
( l  P l) 7 .2 480 75

P la n t  e x t r a c t  No 2 0 .5 324 1 8 .6
( i  d i ) 3 .9 48

6 ,4 85

P la n t  e x t r a c t  No 3 0 .3 108 7 2 .2
( i  d i ) 6 .4 280

S o lv e n t b la n k 0 .4 5 216
(3 d l ) 2 .5 60 3 8 .2

3 .9 80
6 .4 220

a u th e n t ic  b is -T M S i-[ ^^G]-IAA in sam ple 1 was 7 .2  m in , ;
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I t  i s  ap p a re n t i ‘rom th e s e  radio-GLG  p r o f i l e s  t h a t  breakdown o f

I M  o c c u rre d  du rin g  th e  p u r i f i c a t i o n  o f  th e  e x t r a c t s ,  and t h a t  l i q u i d

s c i n t i l l a t i o n  sp e c tro m e try  a lo n e  w ould be in c a p a b le  o f  r e v e a l in g  th e  t r u e

p e rc e n ta g e  re c o v e ry  o f lAA, In  a d d i t io n ,  t h i s  breakdow n, on th e  b a s i s

o f  jo re c o v e re d  I a a ,  a p p e a re d  e r r a t i c .  The mechçtnisni f o r  t h i s  v a r i a b le

breakdow i m ight l i e  i n  th e  r o t a r y  e v a p o ra tio n  s ta g e s ,  s in c e  Mann and

J a w o rsk i (1970) have shown t l i a t  r o t a r y  e v a p o ra tio n  o f  IAA e x t r a c t s  can

le a d  t o  e r r a t i c  r e c o v e r ie s  o f IAA,

As a  n e x t s t e p ,  i t  was d e c id e d  to  exam ine w h e th e r such  an e f f e c t

o c c u rre d . T hree  sam ples o f  IAA in  m ethanol w ere s u b je c te d  to  r o t a r y  f i lm

e v a p o ra tio n  and th e n  a n a ly se d  f o r  im p u r i t i e s  by hPLG. I n i t i a l l y ,  t h r e e

14sam ples o f IAA (6 nig) and [ Cj-IAA (10 p i )  w ere d is s o lv e d  in  m e th an o l 

(33 m l) i n  30 ml ro u n d -b o tto m  f l a s k s .  The f i r s t  sam ple was red u ce d  to  

d ry n e ss  f o r  23 m in a t  3 6 ^G, th e  second  f o r  20 m in, and th e  t h i r d  f o r  15 

m in . A ll th e  sam ples w ere d ry  a f t e r  a p p ro x im a te ly  13 m in ; each  sam ple 

was th e n  ta k e n  up i n  m e th an o l (200 p i ) .  Two c o n t ro l  sa m p le s , c o n s is t in g  

o f  IAA (6 mg) p lu s  [^^G]-IAA (lO p i )  in  m ethanol (200 p i ) ,  w ere a l s o  

p r e p a re d ;  th e s e  w ere n o t s u b je c te d  to  r o ta r y  e v a p o ra tio n .

On a  p u re ly  v i s u a l  b a s i s ,  a f t e r  th e  p e r io d  o f e v a p o ra t io n ,  sam ple 

A a p p e a re d  g re e n  in  c o lo u r .  A ll  o f  th e  sam ples w ere th e n  s e p a r a te d  by 

HPLG, w ith  d e t e c t io n  by a  UV and a  ra d io -m o n ito r .  The r a d io a c t iv e  

m o n ito r  c o n s i s te d  o f  a  C o ru -flo w  m anual s c i n t i l l a t i o n  c o u n te r  w ith  a 

FTFE flo w  c e l l ,  th ro u g h  w hich th e  colum n e l u a t e ,  a f t e r  th e  a d d i t io n  o f 

s c i n t i l l a t i o n  f l u i d ,  p a s s e d . The HPLG c o n d i t io n s  w ere a s  fo l lo w s :  

colum n : P a i t a s i l  10 (10 x  450 mm) a t  30^C

43X0 0 ,5  M fo n iiic  a c ids t a t i o n a r y  p h ase  

m o b ile  p h ase  

flow  r a t e  

ra d io -m o n it o r  

UV m o n ito r

45/0 e th y l  a c e ta t e  in  n -h ex an e  

4 ,6  ml min ^

ran g e  30 cp s PSD; TC1 0 S  

0 . 2  A PSD
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B oth th e  sam ples and  c o n t r o l s  y ie ld e d  one peak  a t  th e  r a d io  and  ITV 

m o n i to r s ,  w ith  i d e n t i c a l  Tj  ̂ v a lu e s  and s im i l a r  mass r e s p o n s e s .  I t  was 

co n c lu d ed  th e r e f o r e  t h a t  no a p p re c ia b le  br-eakdown o f th e  IAA had  o c c u r ie d  

a s  a r e s u l t  o f  b e in g  s u b je c te d  t o  r o t a r y  e v a p o ra tio n  in  m e th a n o lic  

s o lu t i o n .  Borne breakdow n may have  o c c u rre d  t o  g iv e  r i s e  to  th e  g re e n  

c o lo u r a t io n ,  b u t o n ly  to  a  m in im al e x t e n t .

A lthough  no d i s c e r n a b le  change i n  th e  le v e l s  o f  IAA w ere fo u n d  a f t e r  

r o t a r y  e v a p o ra tio n  from  m e th a n o lic  s o lu t i o n ,  some d e g ra d a tio n  may o c c u r  

fo llo w in g  s im i la r  e v a p o ra tio n  from  e t h e r i a l  s o lu t i o n s ,  p e rh a p s  a s  a 

r e s u l t  o f  th e  p re se n c e  o f  p e ro x id e s ,  w hich  a re  known to  a f f e c t  th e  

s t r u c t u r e  o f  in d o le s  (S un d b erg , 1 9 7 0 ). T h is  p o s s i b i l i t y  was t e s t e d  by 

c a r r y in g  out an ex p erim en t u s in g  p ro c e d u re s  s im i la r  t o  th o s e  above b u t 

w ith  th e  s u b s t i t u t i o n  o f  d i e t h y l - e t h e r  a s  th e  r o ta r y  e v a p o ra tio n  s o lv e n t .  

No s i g n i f i c a n t  breakdow n o f  IAA, how ever, was o b se rv ed .

I n  summary, no o bv ious  s ta g e  in  th e  e x t r a c t io n  and p u r i f i c a t i o n  

p ro c e d u re  was found  to  be th e  c a u se  o f  th e  e r r a t i c  breakdow n o f  IAA.

Most o f th e  m ethods em ployed a r e  common to  many o th e r  p u r i f i c a t i o n  

m ethods, d e s p i t e  th e  f a c t  t h a t  h i t h e r t o  n o t a l l  o f  th e  s ta g e s  have been  

u se d  to g e th e r .  Radio-GLG e n a b le d  measurem ent o f  th e  t i u e  c o n te n t  o f  

[*'"^G]“ IAA re c o v e re d , a llo w in g  com pensa tion  f o r  th e  e r r a t i c  breakdow n 

d u rin g  th e  p u r i f i c a t i o n  p ro c e d u re . GC-MiS p ro v ed  s u i t a b l e  f o r  th e  

q u a n t i f i c a t i o n  o f  IAA in  th e s e  p u r i f i e d  sh o o t t i s s u e  e x t r a c t s .

(2 ) Q u a n t i f i c a t io n  o f  f r e e  lAA in  f o l i a r  t i s s u e

The fo llo w in g  s e r i e s  o f  e x p e rim en ts  d e s c r ib e s  th e  a p p l ic a t io n  o f  

th e  com bined e x t r a c t i o n ,  p u r i f i c a t i o n  and a n a l y t i c a l  m ethods t o  th e  

m easurem ent o f  IAA in  t h e  f o l i a r  t i s s u e  o f  P. v u l g a r i s .

F o r h a r v e s t in g  o f  t i s s u e ,  a  s ta n d a rd  m ethod was u se d  th ro u g h o u t .

In  e s s e n c e , th e  le a v e s  ( la m in a e  p lu s  p e t i o l e s )  and  sh o o t a p ic e s  w ere 

g a th e re d  from  5000 bean  p l a n t s  (a p p ro x im a te ly  33 d o ld ) .  F ou r s e p a r a te  

f r a c t i o n s  w ere c o l l e c t e d ,  nam ely , ( 1 ) a p ic e s ,  ( 2 ) th e  f i r s t  o r  upperm ost
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t r i f o l i a t e  l e a v e s ,  ( j )  th e  seco n d  o r  o ld e r  t r i f o l i a t e  le a v e s ,  and (4 ) th e  

p rim ary  le a v e s .  hach  f r a c t i o n  was w eighed a f t e r  h a r v e s t in g ,  p r i o r  to  

e x t r a c t i o n  in  th e  a p p ro p r ia te  volum e o f  m e th an o l. A s o lv e n t b la n k  was 

a l s o  p ro c e s s e d  ( f r a c t i o n  3)*

hach m e th a n o lic  e x t r a c t  was t r e a t e d  as  d e s c r ib e d  p r e v io u s ly  and th e  

f i n a l  e x t r a c t s  were th e n  r e a c te d  w ith  BSA p r i o r  to  radio-GLG and GG-MS 

a n a l y s i s .

T hree s e p a r a te  e x p e r im e n ts  were c a r r i e d  ou t u s in g  t h i s  p ro c e d u re , 

th e  r e s u l t s  o f  which a re  sum m arised as  fo llo w s  :

E xperim ent 1

The f r e s h  w e ig h t, r e s id u e  d ry  w eigh t and volum e o f m e th an o l u s e d  f o r  

e x t r a c t io n  o f  e ac h  f r a c t i o n  a r e  shown in  T ab le  28,

T ab le  2 8 ; F re sh  w t , ,  d ry  w t . , and volum e o f  m eth an o l 
f o r  e x t r a c t i o n  o f each f r a c t i o n

F r a c t io n  No. F re sh  w t. (g ) Dry w t. (g) Volume o f  m e th an o l ( l )

1 7 8 .2  10 .9  1 .3

2 500 6 1 .8  3

3 500 4 9 .0  3

4 pOO 34 .3  3

F o llow ing  p u r i i ' i c a t i o n ,  each  e x t r a c t  was r e a c te d  w ith  20 p i  o f  BSA, 

ex ce p t f o r  th e  s o lv e n t  b la n k  w hich was r e a c te d  w ith  30 p i  o f BSA. The 

GG-MS a n a ly s i s  (AEX MS-3 0 ) was p e rfo rm ed  on two o c c a s io n s .

In  th e  f i r s t  a n a l y s i s ,  f r a c t i o n s  1 , 2  and 3 w ere a n a ly se d  a t  th e  

fo llo w in g  c o n d i t io n s  :

y/o ÛV-1Ü1 (GCQ 100- 120 ) ;  9 f t  g l a s scolumn 

oven tem p, 

c a r r i e r  gas 

s e p a r a to r  tem p, 

s o u rc e  tem p, 

io n i s in g  v o l ta g e

200°G

h e liu m  a t  40 ml rain 

220 + RT°G 

2 30°0  

70 eV
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The MS was tu n e d  to  d e te c t  io n s  o f  m /e 202 and m /e 319* In  a  

p re v io u s  s e c t io n  ( R e s u l ts  s e c t io n  B, p a r t  l ) ,  i t  was shown t h a t  h i s  

-TMSi-IAA would e l i c i t  a re sp o n se  a t  b o th  m /e 202 and  m /e 319 a t  an  

i d e n t i c a l  T̂ .̂ T hus, i n i t i a l l y ,  a s ta n d a rd  o f bis-TM Si-lA A  (5 ng p i   ̂) 

was i n j e c t e d  in  v a ry in g  am oun ts , and a t  th e  T̂  ̂ v a lu e  w here su ch  a  d u a l 

re sp o n se  o c c u rre d , th e  PA o f  th e  r e s u l t a n t  peaks were c a l c u l a t e d .  The 

sam ples w ere su b se q u e n tly  i n j e c t e d  and w here a  re sp o n se  was o b se rv ed

e q u iv a le n t  to  bis-TM Si-IA A , 

o f  t h i s  GG-MS a n a ly s i s  a re

t h a t  re sp o n se  

shown in  T ab le

was n o te d , 

29.

The o v e r a l l  r e s u l t f

T ab le  29 : GG-MS a n a ly s i s  o f  f r a c t i o n s  1 . 2 and 3

Samnle PA m /e 202 (icm^) PA m /e 319 (cm^)

10 ng bis-TM Si-IAA 6 .9 3 0 ,6 7 5
20 ng 9 .945 0 .9
30  ng " 15 .3 1 .3 5
BSA - —

1 p i  f r a c t i o n  1 3* 68

1 p i  f r a c t i o n  1 2 .635
10 ng bis-TM Si-IA A 5 .2 0 0 .7 9 5
1 p i  f r a c t i o n  2 1 .3 3 —

1 p i  f r a c t i o n  2 0 .9 6 —

1 ng bis-TM Si-IA A 0 .2 8 —

1 ng bis-TM Si-IA A 0 .3 5 -

1 p i  f r a c t i o n  3 2 .61 0 .7 6 5
1 p i  f r a c t i o n  3 1 .785 0 .2 7

\  o f above re sp o n se s  = 7*9 m in

I n  t h i s  GG-MS a n a l y s i s ,  no re sp o n s e  co u ld  be o b ta in e d  a t  th e  m /e 319

c h a n n e l when th e  amount o f  bis-TM Si-IA A  app roached  1 n g , p re v e n t in g

d e te rm in a tio n  o f  th e  r a t i o  o f  m /e 202;m /e 319*

F o r q u a n t i f i c a t i o n ,  a  s ta n d a rd - re s p o n s e  r e l a t i o n s h ip  was c a l c u l a t e d
•1 A 744 p

and found  to  b e  y  = 0 .331 % * w ith  r  = 0o9878, w here y  was th e
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resp on se a t m/e 202 in  term s o f  peak a rea , and x  was th e  amount o f  b is  

-TMSi-IAA in  ng. By comparing th e  mean sample resp on ses to  t h i s  cu rv e , 

th e  amount o f  bis-TMSi-IAA p resen t in  each sample was c a lc u la te d  (Table 33)* 

For th e  GO-MB a n a ly s is  o f  th e  sam ples corresponding to  f r a c t io n s  4 

and 5» a s im ila r  a n a ly t ic a l  procedure was adopted , w ith  th e  c o n d it io n s  and 

in je c t io n , procedures as beforehand . The sample and standard resp o n ses  

are shown in  Table 30*

Table 30 1 GC-iviS a n a ly s is  o f f r a c t io n s  4 and 5

p o
Sample PA m/e 202 (cm ) PA m/e 319 (cm )

10 ng bis-TM Si-IAA 13.86 2 .875
5 ng " 8 .6 7 2.21

1 p i  f r a c t io n  4 2 .8 4 0 .8 2 5
1 p i  f r a c t io n  4 2 .88 0 .8 2 5
5 ng bis-TMSi-IAA 8 .5 9 1 .9
2 p i  f r a c t io n  5 0 .2 4 -

2 p i  f r a c t io n  5 0 .3 4

10 ng bis-TMSi-IAA 13 .69 2 .8 6

1 ng 1,62 -

1 ng ” 1 .68 -

0 .9404The stan d ard -resp on se  curve was c a lc u la te d  to  be y = 1 .7045  x 
2

where r  = 0 .9 9 2 4 ; y  = resp on se at m /e 202 and x  = ng o f  b is-T M Si-IaA . 

The mean amount o f bis-TM Si-IAA in  th e fr a c t io n s  was th en  c a lc u la te d  

(Table 3 3 ) .

Radio-GLG was th en  u sed  t o  e s t im a te  th e  amount o f  [^^C]-IAA p resen t
14

in  each f r a c t io n .  A s e r ie s  o f  i n i t i a l  in je c t io n s  o f  b is-T M S i-[ C]-IAA 

r e v e a le d  th a t th e  cou n tin g  e f f i c i e n c y  o f  th e  rad io-m on itor was 2 1 .2 / j fo r

r 1 4[ C] sam ples. Each f r a c t io n  was then  su b jec ted  to  radio-GLG a n a ly s i s , 

and where a rad io  resp on se a t a T^ eq u iva len t to  th a t o f  a u th e n tic  b is  

-TMSi-[^^g ]-IAA was ob served , th e  net cpm was c a lc u la te d  (Table 31 )•
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14T ab le  31 : Net cpm o f  b is -T M S i-[ C ] - IM  in  each f r a c t io n

Sample net cpm

1 .5 h i i'ract io n 3 62

1 .5 h i fr a c t io n 3 62

1 .5 h i f r a c t io n 2 92

1 .5 h i fr a c t io n 2 108

1 .5 h i fr a c t io n 1 44

1 .5 h i fr a c t io n 1 38

1 .5 h i f r a c t io n 4 78

1 .5 h i f r a c t io n 4 72

1 .5 h i fr a c t io n 5 no s ig n i f ic a n t  peak

1 .5 h i fr a c t io n 5 «I

These cpm v a lu e s  d e te c te d  fo r  each sample were then  con verted  to  the  

a c tu a l dpm p resen t in  each sam ple, and hence th e  fo recovery  o f  

and th e  c o n tr ib u t io n  o f  th e  to  th e  amount o f  IAA d e te c te d  by

SID were c a lc u la te d  (T able 3 2 ) ,

14
Table 32 ; True dpm and yo recovery  o f  [ Cj-IAA, and c o n tr ib u tio n  

to  SID r e s u lt  by [1^ 0]-IAA

F ra ctio n  No.

1 2  1 4

D m  p resen t 7 ,8 8 5 .3  20,217*3 1 2 ,5 3 4 .5  1 5 ,1 6 2 .7

yo recovery  o f  ["*^C]-IaA 2 .5 6  6 .5 7  4 .0 8  4 .9 3

12-08 3 0 .9 7  1 9 .2  23 .23

Thus, by c a lc u la t in g  th e amount o f  IAA d e te c te d  by SID, and by 

ta k in g  in to  account th e  l o s s e s  o f  [^^C]-IAA and th e  co n tr ib u tio n  o f [^^C] 

-IAA to  th e  SID r e s u l t ,  th e  o r ig in a l  amount o f lA Ii p resen t in  each sample 

was c a lc u la te d  (T able 3 3 ) .
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Table 35 : Amount o f  liiA p resen t in  f o l i a r  t i s s u e  o f P. v u lg a r is

F ra c tio n  No.

2 3 41

Anount o f IAA
d e te c te d  by SID (ng) 136 ,49

Content o f  IAA
(hg kg“  ̂ fr e sh  wt) 62 .15

Content o f  IAA
(pg kg“ ”* dry wt) 4 4 5 .9

5 7 .5 4  82 .18  34 .6 8

0,81 3 .0 9  0 .4 6

6 .5 4  3 1 .5  6 .7 7

S o lven t
B lank

1.5208

The amount o f  IAA p resen t in  th e a p ic a l t i s s u e  was found to  be in

e x c e ss  o f  th a t o f  th e  f o l i a r  t i s s u e s .  Of th e f o l i a r  t i s s u e s ,  th e  la r g e s t

amounts o f  IAA were d e te c te d  in  th e  o ld e r  t r i f o l i a t e  le a v e s ,  w ith  th e

l e v e l s  in  th e  younger t r i f o l i a t e s  and the primary le a v e s  b ein g  s im ila r .

A sm all amount o f  IAA was d e te c te d  in  the so lv e n t  b lank . On th e

b a s is  o f  th e  p rev iou s experim ent, i t  i s  probable th a t t h is  IAA was th e  

r l4[ C]”IAA o r ig in a l ly  added to  th e  e x tr a c t .  This cou ld  n o t , however, be

s u b s ta n t ia te d  by radio-GLG s in c e  th e  l e v e l  o f lAa d e te c te d  by GG-MS, were 
r14 T

i t  L CJ-IAA, would be to o  low fo r  d e te c t io n  by radio-GLG.

Experiment 2

T his experim ent was e s s e n t ia l l y  a repeat o f experim ent 1 . T able 34 

l i s t s  th e  fr e sh  weight and volume o f  methanol used  in  e x tr a c t io n  o f  each  

f r a c t io n  and th e r e s id u e  dry w e ig h ts .

Table 34 ; Fresh w t . ,  di-y w t . ,  and volume o f  methanol 
fo r  e x tr a c t io n  o f each fr a c t io n

F ra c tio n  No. F resh  w t. (g ) Dry w t. (g;) Volume o f  m ethanol ( l )

9 2 .5
500

500

500

1 3 .7
5 9 .0

56 .6

47.6

1 .5

3

3

3
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A fter  e x tr a c t io n  and p u r i f ic a t io n ,  each fr a c t io n  was r e a c te d  w ith

BkA (20 p i)  p r io r  to  a n a ly s is ,  i'or GG-MS a n a ly s is  (AEI MS-30) i th e

fo llo w in g  c o n d it io n s  were d if f e r e n t  from th o se  employed in  experim ent 1 l

colum n; 1fo SE- 3 0  (GCQ 10 0 -1 2 0 ); 5 f t  g la s s

oven tem p.: lüO^G

F ollow ing a s e r i e s  o f  standard  in j e c t io n s ,  th e  standard curve was
0 7291 2

c a lc u la te d  to  he y  = 1.4369  x  * w ith  r  = 0 .9 9 4 4 . The T^ o f  th e  

Bis-TMSi-IAA standard  was 9*2 rain. I n je c t io n s  o f  each sample were th en

m ade, and where a re sp o n se  was o b ta in e d th a t  was e q u iv a le n t t o  th e  T^ o f

bis-TM Si-IA A , th e PA a t  m /e 202 and m /e 319 w ere c a l c u l a t e d  (T ab le  3 5 ) .

T ab le  35 : GG-MS re s p o n se o f f r a c t i o n s  1 to  5

Sample PA m /e 202 (cm^) PA m /e 319_ (cm ^l
PA m /e 202 ; 
PA m /e 319

1 p i  f r a c t i o n 1 2 .8 5 0 .6 5 4 .3 8 4 6

1 p i  f r a c t i o n 1 2 .6 6 0 .5 5 4 .8 3 6 4

1 p i  f r a c t i o n 2 2 .4 4 0 .5 4 4 .5 1 8 5

1 p i  f r a c t i o n 2 2 .5 2 0 .8 0 3 .1 5 0 0

1 p i  t r a c t i o n 3 5 .5 2 5 1 .2 7 5 4 .3 3 3 3
1 p i  f r a c t i o n 3 6 .9 5 1 .4 7 4 .7 2 7 9
1 p i  f r a c t i o n 4 3 .3 0 O06O 5 .5 0 0 0

1 p i  f r a c t i o n 4 2 .6 4 0 .5 5 4 .8 0 0 0

1 p i  f r a c t i o n 5 1 .2 0 0 .2 5 4 .8 0 0 0

1 p i  f r a c t i o n 5 0 .8 8 - -

The mean sample resp on se  was compared to  the stand ard -resp on se cu rv e , 

and th e eq u iv a len t amount o f  IAA, p resen t as his-TMBi-IAA, was c a lc u la te d  

(Table 38) .

In t h is  exp erim en t, th e  mean r a t io  o f the resp on se at m/e 202:m /e 319 

fo r  th e  s e r ie s  o f  standards was c a lc u la te d  to  be 4 .5 9 3 4 . Only two sample 

in j e c t io n  r e s u l t s  were found to  vary  s ig n i f ic a n t ly  from t h i s  v a lu e , but 

t h i s  was not v e r i f i e d  on rep eat in j e c t io n s .  In a d d it io n , no sample
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e f f e c t s  on the SID resp o n ses  were d e te c te d  on c o - in j e c t io n  o f each sample

w ith  an a liq u o t o f th e  standard  bis-TM Si-IAA.

For radio-GLG a n a ly s is  o f  the f r a c t io n s ,  th e  T'o cou n tin g  e f f ic ie n c y  o f
14-th e  rad io -m on itor  fo r  [ G] sam ples was found to  be 22.377® a t a combined

flow  ra te  o f  54 .55  ml min \  The net cpm a ttr ib u ta b le  to  b is-T M S i-[”̂^G]

-IA a in  each sample was th en  determ ined as p r e v io u s ly  (Table 3 6 ) ,  and hence

14th e  tr u e  dpm and /o recovery  o f  [ G]-IAA and th e  c o n tr ib u t io n  th a t  t h i s  

[^^C]-IAa made to  th e GG-MS r e s u lt  were c a lc u la te d  (T able 3 7 ) .

14,Table 3 6 : Net cpm o f  b is-T M S i-[ G]-IAA in  each fr a c t io n

Sample

1 p i o f f r a c t io n  5

1 p i  o f  f r a c t io n  5
1 p i  o f f r a c t io n  4

1 p i  o f  f r a c t io n  4

1 .5  h i  o f  f r a c t io n  3

1 .5  p i  o f  f r a c t io n  3

1 .5  p i  o f  f r a c t io n  2
1 .5  p i  o f  f r a c t io n  2 
1 p i  o f  f r a c t io n  1

1 p i  o f  f r a c t io n  1

n et cpm

96

63
98

105
210

225
70
84

55

63

14,Table 3 7 : True dpm and yQ recovery o f [ G]-IAA, and
c o n tr ib u t io n  o f  [1^0]-IAA to  GG-MS r e s u lt

Fraction No.

DFM p resen t

14,recovery  o f  [ G]-IAA

c o n tr ib u tio n  t o  GG-MS 
r e s u lt  by [I4c]-IA A  (ng)

i

14 ,452

3 ,6 5

2 2 .0 4

1 2 ,5 7 4 .7

3 .1 7

19.18

3 5 ,5 1 7 .3

8 .9 7

5 4 .1 7

4

24 ,862

6.28

3 7 .9 2

S o lven t
Blank

1 9 ,496

4 .9 4

2 9 .8 6

A fte r  talcing in to  account th e  v a lu e s  shown in  Table 37 , th e  o r ig in a l  

amount o f  IAA p resen t in  each sample was then c a lc u la te d  (Table 3 8 ) .  The
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s o lv e n t  b la n k  ( f r a c t i o n  5) h as  n o t been  in c lu d e d  as  th e  v a lu e  o f  IAA.

14re v e a le d  by GG-MS was l e s s  th a n  th e  amount o f liUi p re s e n t  a s  [ Cj-IAA. 

(amount d e te c te d  by GG-MS ~ 12 .8 4  n g ) .

T ab le  38 ; Anount o f  IAA p re s e n t  in  f o l i a r  t i s s u e  o f  P . v u lg a r i s

F r a c t io n

Amount o f  IAA 
d e te c te d  by GG-iVIS (ng)

1  2 1  4

4 8 .8 4  4 2 .2 8  149 .80  5 4 .1 4

^ - F L e ^ w t . )  7 .9 4  1 .46  2 .1 3  0 .5 2

G onte n t o f IAA 
(ng kg"'' d ry  w t.) 5 3 .5 9  12.35 18 .84  5 .4 2

As in  ex p erim en t 1 , th e  apex  c o n ta in e d  c o n s id e ra b ly  more IAA th a n  

th e  o th e r  f r a c t i o n s ,  and  o f th e  th e  re m a in d e r , th e  o ld e r  t r i f o l i a t e  l e a f  

t i s s u e  was found  to  have th e  h ig h e s t  c o n te n t o f  IAA. In  c o n t r a s t  to  

e x p erim en t 1 , th e  younger t r i f o l i a t e  sam ple had a l e v e l  o f IAA in  e x c e ss  

o f  th e  p rim a ry  l e a v e s .

E xperim en t 3

T h is  ex p erim en t was co n d u c te d  in  a m anner s im i la r  to  th e  p re v io u s  

two e x p e rim e n ts . T ab le  39 l i s t s  th e  d e t a i l s  re c o rd e d  a t  th e  e x t r a c t i o n  

s ta g e .

T ab le  39 : F re s h  w t . ,  d ry  w t . ,  and volume o f m e th an o l
f o r  e x t r a c t i o n  o f  each  f r a c t i o n

F r a c t io n  No. F re sh  w t. (g ) Dry w t. (g ) Volume o f  m e th an o l ( l )

1 6 0 .8  9.1 1

2 500  67 .9  3

3 500  7 7 .7  3
4 500 4 4 .6  3
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The r e s id u e s  rem a in in g  a f t e r  th e  e x t r a c t i o n  and p u r i f i c a t i o n  o f each

sam ple w ere r e a c te d  w ith  BSa. (40 p i )  p r i o r  to  a n a ly s is #

F o r GO-MS a n a ly s i s  (AEI M S-30), th e  fo llo w in g  c o n d i t io n s  u se d ,

d i f f e r e d  from th o s e  o f  ex p erim en t 1 :

colum n : Vy> Œ - 3 0  (OUQ 100-1 2 0 ); 5 f t  g la s s

oven tem p, : l80^G

The Tj  ̂ o f  th e  d é r i v â t i s e d  IM  was fo u n d  to  be 1 0 .2  m in , and by

c a l c u l a t i n g  th e  re sp o n se  o f  each  s ta n d a rd  a l iq u o t  a t  t h i s  T^, th e  s ta n d a r d

1 .3 1 63 2- r e s p o n s e  r e l a t i o n s h i p  was fo u n d  to  be y -  O.6067  x  , w ith  r  =

0 . 9 9 3 7 . The re sp o n se  o f  each  sam ple a t  t h i s  p a r t i c u l a r  T^ v a lu e  was 

th e n  c a l c u la t e d  (T ab le  4 0 ) .

T ab le  40 : GG-MS re sp o n se  o f f r a c t i o n s  1 to  5

Sample FA m /e 202 (cm^)

0 . 5  f r a c t i o n  4 0 .8125

0 , 5  f1  f r a c t i o n  4 0 ,6 6

2 p i  f r a c t i o n  5 0 .8 2 5

2 p i  f r a c t i o n  5 0 .8 4

1 p i  f r a c t i o n  1 0 .8 7

1 p i  f r a c t i o n  1 O.8 3

0 . 5  d l  f r a c t i o n  3 3*72

0 . 5  d l  f r a c t i o n  3 3*83

0 . 5  d l  f r a c t i o n  2 4 .8 2

0 . 5  d l  f r a c t i o n  2 4 .6 0

No sam ple e f f e c t s  w ere o b se rv e d  when c o - in j e c t io n  o f sam ples and 

s ta n d a rd s  w ere made. The amount o f  IM  d e te c te d  i n  each  f r a c t i o n  was 

th e n  c a l c u la te d  (T ab le  4 3 )

F o r  radio-G LC a n a l y s i s ,  th e  T^ o f  b is-T M S i-[ 0]-IAA  was found  to  

b e  3.1  m in, w ith  a  17*6^ c o u n tin g  e f f i c i e n c y  f o r  th e  m o n ito r in  r e s p e c t  

o f  [^^G] sam p le s . The n e t  cpm o f  [^^G]-IAA p re s e n t  in  each  f r a c t i o n  was
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th e n  d e te rm in e d  (T ab le  41 ) and  th u s  th e  t r u e  dpm, '"/o r e c o v e ry  o f  [^"^C]-IAA
r l 4

and  th e  c o n t r ib u t io n  t h a t  t h i s  [ CJ-IAA made to  th e  GG-MS v a lu e s  w ere 

c a l c u la t e d  (T ab le  4 2 ) ,

14
T ab le  41 : Net cpm o f  b is -T M S i-[ Gj-IAA i n  each  f r a c t i o n

3 d l f r a c t i o n 5 96

3 d l f r a c t i o n 5 84

1 .5 d l f r a c t i o n 2 78

1 .5 d l f r a c t i o n 2 68

6 d l f r a c t i o n 1 72

6 d l f r a c t i o n 1 72

3 d l f r a c t i o n 3 72

3 d l f r a c t i o n 3 68

4 d l f r a c t i o n 4 132
4 d l f r a c t i o n 4 108

14T ab le  4 2 : T rue dpm and  yo re c o v e ry  o f  [ G]-IAA, and c o n t r ib u t io n
o f  [I^ G j-iiU i t o  GG-MS r e s u l t

DPM p r e s e n t

3® re c o v e ry  o f  "^Gj-IAA

c o n t r i b u t i o n  o f  [ Gj-IAA 
t o  GG-MS r e s u l t  (ng)

F r a c t i  on S o lv e n t
i 2 1 4 Blanlc

6 ,9 2 0 25,524 1 2 ,2 3 6 1 5 ,7 3 2 1 5 ,7 3 2

1 .5 3 6 ,1 6 2 ,9 8 3 .8 4 3 .8 4

9 .6 4 39.105 1 8 .7 4 7 24.103 24,103

The amount o f  IAA o r i g i n a l l y  p r e s e n t  in  each  f r a c t i o n  was th e n  

c a l c u la te d  (T a b le  4 3 ) ,

I t  was n o te d  t h a t  th e  amount o f  IAA d e te c te d  by GG-MS i n  th e  s o lv e n t  

b la n k  was e s s e n t i a l l y  s im i l a r  to  t h a t  shown to  be p r e s e n t  a s  [^^G]-IAA* 

The p a t t e r n  o f  d i s t r i b u t i o n  o f  I  All i n  t h i s  ex p erim en t s u b s t a n t i a t e d  

t h a t  o f  ex p erim en t 2 e x c e p t t h a t  th e  a c t u a l  v a lu e s  o b ta in e d  w ere a t  l e a s t  

s i x  f o l d  h ig h e r .
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T ab le  43  : Anount o f  IAA p re s e n t in  f o l i a r t i s s u e o f  P , v u lg a r i s

F ra c t io n S o lv en t

i 2 1 4 B lank

mnount o f  IAA 
d e te c te d  by GO-MS (ng) 5 1 068 3 79 .5 3 2 0 ,8 9 2 .6 7 2 5 .4 3 4

Gont en t o f  IAA 
(fig kg“  ̂ f r e s h  w t) 4 5 .1 9 1 1 .0 5 2 0 ,2 7 3 .5 7 —

G ontent o f  IAA 
(fig Icg”  ̂ d ry  vft) 3 0 1 .9 5 8 1 ,4 1 3 0 .5 4 0 .0 —

( 3 ) Q u a n t i f i c a t io n  o f  f r e e  IAA in  s ta n  t i s s u e

A ttem pts w ere a ls o  made to  m easure f r e e  IAA in  stem  t i s s u e .  Stem

segm ents w ere h a r v e s te d  from  h a tc h e s  o f 5000 bean  p l a n t s .

T here w ere f o u r  f r a c t i o n s :

( 1 ) a p ic e s ;

( 2 ) 1 cm p o r t i o n  o f  stem  midway betw een nodes o f  yo u n g er and 

o ld e r  t r i f o l i a t e  l e a v e s ;

( 3 ) 1 cm p o r t i o n  o f  stem  midway betw een nodes o f  o ld e r  t r i f o l i a t e s  

and p r im a ry  le a v e s ;

(4 ) 1 cm p o r t i o n  o f  stem  midway betw een nodes o f p r im a ry  le a v e s  

and c o ty le d o n s .

i'is in  p re v io u s  e x p e r im e n ts , a c o n t ro l  o r  s o lv e n t  b lan lc ( f r a c t i o n  5 ) 

was a ls o  p re p a re d . Each f r a c t i o n  was e x t r a c te d ,  p u r i f i e d  and  a n a ly se d  

a s  b e f o r e .  T hree in d iv id u a l  ex p e rim en ts  w ere c a r r i e d  o u t.

E xperim ent 1

T ab le  44 l i s t s  th e  f r e s h  and  d ry  w e ig h ts  o f  th e  f r a c t i o n s  w ith  th e  

volum e o f  m ethano l u s e d  f o r  e x t r a c t i o n .

A f te r  p ro c e s s in g ,  each  f r a c t i o n  was r e a c te d  w ith  BSA (20 p i )  p r i o r  to  

a n a l y s i s ,  GO-MS a n a ly s i s  (AEI IV1S -3 0 ) vfas co n d u c ted  u n d e r  th e  c o n d i t io n s  

u s e d  in  th e  f i r s t  l e a f  d i s t r i b u t i o n  e:jq^erhnent, The GG-MS a n a ly s i s  o f  

th e  sam ples was co n d u c te d  i n  two s e p a r a te  ru n s .
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T ab le  4 4 : F re sh  w t, and d ry  w t . ,  and volum e o f  m e th an o l
u se d  in  e x t r a c t i o n  o f  each f r a c t i o n

F r a c t io n  F re s h  w t. (g ) Dry w t. (g) Volume o f  m e th an o l ( l )

1 3 1 . 0  5o5  1

2 5 7 .9  4 .0  1

3 13 3 .3  9 .6  1

4 255 .4  2 0 .7  2

In  th e  1‘i i ' s t  ru n ,  an  i n i t i a l  s e r i e s  o f  i n j e c t i o n s  o f  th e  s ta n d a r d  

bis-TM Si-lA A  were made t o  e s t a b l i s h  th e  s ta n d a rd  re s p o n se  r e l a t i o n s h i p .  

The T^ o f  th e  d e r i v a t i s e d  IaA was fo u n d  to  be 6 .0  m in and  s ta n d a rd  

- r e s p o n s e  c u iv e  was c a l c u l a t e d  to  b e  y = 2.5574 w ith  r ^  = 0 .9 5 5 7 .

The GG-MS re sp o n se s  o f  th e  sam ples a r e  l i s t e d  i n  T ab le  45 .

T ab le  45 : GC-IvlS r e s u l t s  o f  f r a c t i o n s  1 , 2 , 3  end 5

^ ^ PA m /e 202 :
PA m /e 202 (cm /) PA m /e 319 PA m/e. 319

1 p i f r a c t i o n 2 4 .7 1 5 2 .3 8 1.9811

1 p i f r a c t i o n 2 5 .3 2 2 .8 6 1.8601

1 p i f r a c t i o n 5 1 ,9 2 1 .0 8 1 ,7778

1 p i f r a c t i o n  5 2 .1 7 1 .3 5 1 .6 0 7 4

0 .5 p i f r a c t i o n 3 2 .9 7 1 .2 5 2 ,3 7 6

0 .5 p i f r a c t i o n  3 2 ,80 1 .0 2 2 .7451

1 p i f r a c t i o n 1 6 .5 6 2 .2 2 .9 8 1 6

1 p i f r a c t  io n 1 6 .8 4 8 2 .88 2 .3778

F b r th e  seco n d  lu n ,  th e  GG-MS c o n d i t io n s  were i d e n t i c a l .  The

s ta n d a rd  re sp o n se  r e l a t i o n s h i p  v/as c a l c u la te d  to  be y = 4 ,3 6 1 4  ^ '^ ^ ^ 5
2

w ith  r  = 0 .9 9 2 6  and th e  re sp o n se  a t  m /e 202 o f  f r a c t i o n  4 (0o5 H-l) a t
2t h e  Tj  ̂ v a lu e  o f  th e  s ta n d a rd  was fo u n d  to  be  1 8 ,2 3 3  and  17 .866  cm 

r e s p e c t iv e l y .  The amount o f  IAA p re s e n t  in  e ac h  sam ple e q u iv a le n t  t o
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t h e i r  mean re sp o n se s  was th e n  c a l c u la te d  (T ab le  4 8 )«

A lthough  some v a r i a t i o n  was o b se rv ed  i n  th e  r a t i o  o f  th e  m /e 202 

re s p o n se  t o  t h a t  o f  th e  m /e 319 , c o - in j e c t io n  o f  sam ples w ith  a l i q u o t s  

o f  s ta n d a rd  r e v e a le d  t h a t  no sam ple e f f e c t s  w ere p r e s e n t .

Subsequent radio-G LC  a n a ly s i s  a t  a c o u n tin g  e f f i c i e n c y  o f  

f o r  [^^C] sam ples y ie ld e d  th e  n e t  cpra o f  bis-TiViSi-[^"^C]-IAA. i n  each  

f r a c t i o n  (T ab le  4 6 ) ,  'from th e s e  v a lu e s  th e  a c tu a l  dpm and /  r e c o v e ry  

o f  [^^0]-lA A , and th e  c o n t r ib u t io n  t h a t  th e  r a d io a c t iv e  lAA made t o  GO-ivïS 

r e s u l t s ,  was r e a d i l y  c a l c u l a t e d  (T ab le  4-7).

T ab le  46 ; N et cpm o f  b is-T M 8i-[^^G ]-IA A  in  each  f r a c t i o n

1 p i f r a c t i o n 5 24

1 p i f r a c t i o n 3 32

0„3 p i f r a c t i  on 4 62

0 .3 p i f r a c t i o n 4 36

0 ,3 p i f r a c t i o n 2 20

0 .3 p i f r a c t i o n 2 20

Oo3 p i f r a c t i o n 1 22

Oo5 p i f r a c t i o n 1 36

1 p i f r a c t i o n 3 22

1 p i f r a c t i o n 3 16

T ab le  4 7 : T rue dpm and /b r e c o v e ry  o f  [^^C]-IA A, and c o n t r ib u t io n
o f  [ G]-IAA to  GC-MS r e s u l t

DPM p r e s e n t

/  r e c o v e ry  o f  ["*^C]-IAA

C o n tr ib u t io n  to  GC-MS 
r e s u l t  by  ['^^Cj-IAA (ng)

F r a c t io n S o lv e n t

i
22 ,380

2
1 3 ,4 3 6

1
7 ,5 3 2

4

4 3 ,3 3 2

B lank
10 ,804

6 , 6i 4 .3 6 2 .1 6 1 3 .4 4 3 .1 9

3 4 .2 9 2 3 .6 3 1 1 .2 3 6 9 .7 6 1 6 .5 5



119

■14A f te r  c o r r e c t io n  f o r  th e  [ C]~IAA r e s u l t s ,  th e  c o n te n t  o f  lAA in  

each  f r a c t i o n  was th e n  c a l c u la te d  (T ab le  4 8 ) ,

T ab le  4 3 : israount o f  lAIv p r e s e n t  in  stem  t i s s u e  o f  v u læ a r is

F r a c t io n  

1 9 % 4

Amount o f  lAA 
d e te c te d  by  GO-iViS (ng)

C o n ten t o f  lAa 
(pg kg"^ f r e s h  w t . )

C on ten t o f  iM i 
(pg  kg"^ d ry  w t . )

S o lv e n t

2 i  i  B lank

6 5 .0 7  34 .1 4  4 7 .8 0  187 .1 4  1 4 .3 7

23 .81  11 .33  12 .7 0  3 .4 2

134 .1 8  1 6 7 .1 6  1 7 6 .3 4  4 2 .1 9

In  te rm s  o f  f r e s h  w eig h t c o n te n t ,  th e  l a r g e s t  lAA c o n c e n t r a t io n  was 

found  to  o c c u r  in  th e  a p ic e s ,  w ith  th e  s m a l le s t  l e v e l s  d e te c te d  i n  th e  

in te rn o d e  betw een  th e  p r im a ry  le a v e s  and th e  c o ty le d o n s .  In  c o n t r a s t ,  

on th e  b a s i s  o f  d ry  w e ig h t c o n te n t ,  t h e  in te rn o d e  betw een  th e  o ld e r  

t r i f o l i a t e  and th e  p r im a ry  le a v e s  c o n ta in e d  th e  l a r g e s t  amount o f  lAA, 

a l th o u g h  t h i s  v a lu e  was o n ly  m a rg in a l ly  g r e a t e r  th a n  t h a t  o f  th e  

upperm ost in te r n o d e .

E xperim ent 2

T h is  e x p e r in e n t was b a s i c a l l y  a r e p e t i t i o n  o f  th e  f i r s t  e x p e rim e n t, 

and th e  v a r io u s  d e t a i l s  o f th e  e x t r a c t i o n  a re  l i s t e d  in  T ab le  49 .

T ab le  4 9 : F re sh  w t. and d ry  v / t . ,  and volume o f  m eth an o l
u s e d  i n  e x t r a c t i o n  o f  each f r a c t i o n

F r a c t io n

1 

2

3
4

F re sh  v/t. (g )

7 3 .2

7 1 .3  
122 .6  

2 1 6 . 9 3

Volume o f  m e th an o l ( l )

12 .2

8 .0

1 9 .0

4 9 .3



120

A f te r  p u r i f i c a t i o n ,  each  e x t i a c t  was r e a c te d  w ith  bSii (40 p i )  and 

s u b je c te d  to  GO-MS a n a ly s i s  (AEI MS-3 0 ) a t  th e  fo llo w in g  c o n d i t io n s :

column 

oven tem p, 

c a r r i e r  g as  

s e p a r a to r  tem p, 

so u rc e  tem p, 

i o n i s i n g  v o l ta g e

1> aE- 3 0  (üCCj 100- 120 ) ;  5 f t  g la s s

180°0

h e liu m  a t  40 ml min

230 + RT°0  

210^0

70 eV

The s ta n d a rd " re s p o n s e  c u rv e , a f t e r  a s e r i e s  o f  i n j e c t i o n s  o f  b i s  

~TMSi"IAA, was c a l c u l a t e d  t o  be y  = 1 .9782  3?*^^^^ w ith  r ^  = 0 .9933* 

I n j e c t io n s  o f  th e  sam ples v/ere th e n  made and th e  re sp o n se  e q u iv a le n t  to  

t h a t  o f  b i s “TMSi~IAA f o r  each  sam ple (T ab le  30) and  hence th e  amount o f  

lAA p re s e n t  was d e te rm in e d  (T ab le  3 3 ) .

T ab le  5 0 : GG-MS r e s u l t s  o f f r a c t i o n s  1 to  5

P PA m /e 202 :
Sample PA m /e 202 (cm ) FA m /e 319 (cm ) PA m /e 319

1 p i f r a c t i o n 2 2 ,4 7 0 .8 4 2 .9 4 0 3

1 p i f r a c t i o n 2 2 .31 0 .4 4 3 .2 3

0 .3 p i f r a c t i o n 3 1 .3 2 0 .6 3 2 .4127

Oo5 h i f r a c t i o n 3 1 .4 3 0 .6 2 2 .3 0 6 3

0 ,3 h i f r a c t i o n 1 1 .3 3 0 .6 6 2 .0 1 3 2

0 .3 h i f r a c t i o n 1 1 .1 2 0 .4 9 2 .2 8 3 7

1 h i f r a c t i o n 4 0 .8 4 0 .4 0 2.1

1 h i f r a c t i o n 4 0 .9 0 0 .4 0 2 .2 3

2 p i f r a c t i o n 3 2 .1 6 1 .0 2 .1 6

2 p i f r a c t i o n 3 1 .9 6 0 .7 2 .8

Radio-GIG a n a ly s i s  o f  th e  f r a c t i o n s  was c a r r i e d  o u t a t  a  c o u n tin g  

e f f i c i e n c y  o f 17*6% f o r  [^^O] sam p le s . The n e t  cpm o f  bis-TM Si-[*^^C] 

-lAA in  each  f r a c t i o n  was d e te rm in e d  (T ab le  51 ) , nnd from  th e s e  v a lu e s
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t h e  a c tu a l  dpm, >o r e c o v e ry  and  th e  amount o f  [^"^C]-IAA (ng) w ere 

c a l c u la te d  (T ab le  5 2 ) ,

14
T ab le  51 : Net cpm o f  b is -T M 8 i-[  C]-IAA i n  each  f r a c t i o n

Sample Net cpm

3 p i  f r a c t i o n  5 100

3 p i  f r a c t i o n  5 90

3 p i  f r a c t i o n 1 55
3 p i  f r a c t i o n 1 65
2 p i  f r a c t i o n 3 60

2 p i  f r a c t i o n 3 45
4 p i  f r a c t i o n 4 60

4 p i  f r a c t i o n 4 50

2 p i  f r a c t i o n 2 45

2 p i  f r a c t i o n 2 50

T ab le  5 2 : T rue dpm and yo re c o v e ry  o f [^^G]-1AA, and  c o n t r ib u t io n
o f  [^^G]-IAA to  GO-MS r e s u l t

DPM p re s e n t

r l4  1yô re c o v e ry  o f  L Gj-IAA 
rl4- -,C o n tr ib u t io n  o f  [ Cj-IAA 

to  GG"MS r e s u l t  (ng )

F ra c t  io n
S o lv e n t

i 2 1 4 Blanlc

10 ,488 12,456 13 ,768 7 ,212 1 6 ,608

2 .5 7 3 .05 3 ,3 7 1 ,7 7 4 .1

1 6 .0 7 19,08 21 .09 11 .05 25 ,45

The o r ig i n a l  c o n te n t  o f  lAA p r e s e n t  in  each f r a c t i o n  was c a l c u l a t e d  

a f t e r  ta k in g  in t o  acco u n t th e  v a lu e s  i n  T ab le  52 (T ab le  5 3 )«

No d e t e c ta b le  l e v e l  o f  lAA was found to  be  p r e s e n t  in  f r a c t i o n  4 

a f t e r  c o r r e c t in g  th e  GG-MS r e s u l t .  In  a d d i t io n ,  th e  l a r g e s t  c o n c e n t r a t io n  

o f  lAA was d e te c te d  in  th e  in t e r n o d a l  r e g io n  betw een  th e  younger and 

o ld e r  t r i f o l i a t e  le a v e s .
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: iunount o f  p r e s e n t  in  shoo t t i s s u e  o f ^  v u lg a r i s

iuftount o f  lAA, 
d e te c te d  hy  GC-MS (ng)

C on ten t o f  lAA 
(pg kg'"'* f r e s h  w t . )

C on ten t o f  lAA 
(pg kg"'* d ry  v f t .)

F r a c t io n

^

29.52 59,28 43.44

7 .1 5  1 8 .4 3  5 .41

4 2 .8 9  164 .75  34.91

4

7 .2 4

S o lv e n t

B lank

2 1 .7 6

The f r e s h  and  d ry  w e ig h ts  o f  th e  t i s s u e  f r a c t i o n s  and th e  volume o f  

m e th an o l u se d  f o r  each  e x t r a c t i o n  a re  l i s t e d  in  T ab le  54 .

T ab le  5 4 ; F re s h  w t . ,  d ry  w t . ,  and volum e o f  m eth an o l 
f o r  e x t r a c t i o n  o f  each f r a c t i o n

F r a c t io n  No.

1

2

3

4

F fe s h  wt.. (g )

5 2 .2

8 0 .9

1 6 3 .0

2 3 5 .8

8 .4

7 .7

1 9 .3

3 6 .8

Volume o f  M ethanol ( l )

A f te r  th e  a p p l i c a t i o n  o f  th e  com bined p u r i f i c a t i o n  m ethod, each  

e x t r a c t  was r e a c te d  w ith  BSA (40  p i )  p r i o r  to  a n a l y s i s ,  GC-MS a n a ly s i s  

(AEI MS-3 0 ) was a p p l ie d  a t  th e  c o n d i t io n s  o f  th e  p re v io u s  e x p e rim e n t, 

e x c e p t f o r  th e  f o l lo w in g ;

colum n : y/o OV-1 7 ( Chromo so rb  Vi/ 80-100 ) ;
5 f t  g l a s s

oven temp, 185 G

The T^ o f  bis-TM Si-IA A  was fo u n d  to  be  6 .7  m in , and th e  s ta n d a rd  

- re s p o n s e  r e l a t i o n s h i p  was c a l c u l a t e d  to  be y ~ 1.1411 w ith  r ^  =

0 , 9 6 0 1 . In  t h i s  a n a l y s i s ,  o n ly  io n s  o f m /e 202 w ere m o n ito re d . The
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re sp o n se  o f  th e  e x t r a c t s  a t  t h i s  v a lu e  was th e n  gauged (T ab le  55)*

T ab le  5 5 : GC-MS r e s u l t s  o f  f r a c t i o n s  1 t o  5

Sample FA m/e 202

1 p i f r a c t i o n 5 0 ,9

1 p i f r a c t i o n 3 0 .9 9

1 p i f r a c t i o n 2 1 .22

1 p i f r a c t i o n 2 0 .9 9
1 p i f r a c t i o n 5 0 .6 5
1 p i f r a c t i o n 5 0 .5 5
1 p i f r a c t  io n 1 1 .5 0
1 p i f r a c t i o n 1 1 .9 6

1 p i f r a c t i o n 4 1 .1 0

1 u l f r a c t i o n 4 1 ,7 0

A f te r  c a l c u la t in g  th e  e q u iv a le n t  amount o f lAA p re s e n t  in  each  sam ple

(T a b le  5 8 ) ,  th e  sam ples w ere s u b je c te d  to  radio-GLG a n a l y s i s .  I n i t i a l l y ,

14-a s e r i e s  of i n j e c t i o n s  o f  a u th e n t ic  b is-T M S i-[ G]-IAA e s ta b l i s h e d  t h a t  th e

14c o u n tin g  e f f i c i e n c y  o f  th e  r a d io -m o n ito r  f o r  [ C] sam ple was 12.69:^0.

14S u b se q u e n tly , th e  sam ples w ere i n j e c t e d  and th e  n e t cpm o f b is -T M S i-[ C]

-lAA d e te rm in e d  (T ab le  5 6 ) , From th e s e  v a lu e s  th e  dpm and re c o v e ry  o f  
r l4  -,
L G J-IA a , and th e  c o n t r i b u t i o n  th a t  t n i s  made to  th e  GG-I\dS r e s u l t s  w ere 

c a l c u l a t e d  (T ab le  5 7 ) .

r 1 4 -1• ; N et cpm o f  b is -T M S i-[ c ]-Ia A  in  each  f r a c t i o n

Sample 11 e t  (

2 p i f r a c t i o n 5 33
2 p i f r a c t i o n 5 36

2 p i f r a c t i o n 4 36

2 p i f r a c t i o n 4 35
2 p i f r a c t i o n  3 30
2 p i f r a c t i o n 3 27
2 p i f r a c t i o n 1 38
2 p i f r a c t i o n 1 42

2 p i f r a c t i o n 2 33
2 p i f r a c t i o n 2 30
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- 14T ab le  57 : True dpm and yo re c o v e ry  o f  [ C j - I M ,  and c o n t r ib u t io n
o f ['*^G]-IAA to  GC-MS r e s u l t

DPM p re s e n t

fo re c o v e ry  o f

C o n tr ib u t io n  o f [^*^C]-IAA 
to  GC-MS r e s u l t  (ng)

F r a c t io n S o lv en t

1 2 1 4 B lank

15 ,760 12,412 1 1 ,2 3 2 13,988 1 3 ,5 9 6

3.91 3 .08 2 .79 3 .4 7 3 .3 7

21 .15 1 9 .0 2 17.21 21 .43 2 0 .8 3

A f te r  c o r r e c t in g  th e  GC-MS r e s u l t s  by th e  v a lu e s  shown in  T ab le  57» 

th e  o r ig i n a l  amount o f  lAA p re s e n t  in  each  f r a c t i o n  was c a l c u la te d  

(T ab le  5 8 ) .

T able 5 8 : Amount o f  lAA in  sh o o t t i s s u e  o f  v u lg a r i s

Amount o f  lAiv 
d e te c te d  by  GC-MS (ng)

C on ten t o f  lAii 
(pg k g "”* f r e s h  w t.)

C onten t o f  lAa 
(pg kg"1 d ry  w t . )

F r a c t io n

i  2 J  i
68 .8 2  3 8 .3 6  3 1 .2 8  52 .24

2 3 .3 6  7 .76  3 .0 9  3 .7 7

145 .14  8 1 .5 3  2 6 .1 5  24 .15

S o lv e n t

B lank

1 7 .3 0

On th e  b a s i s  o f  b o th  d ry  and f r e s h  w eigh t c o n te n ts ,  th e  a p i c a l  f r a c t i c n  

was shown to  have th e  l a r g e s t  c o n c e n t r a t io n  o f lAA. Of th e  in t e r n o d a l  

f r a c t i o n s ,  th e  amount o f lAA i n  f r a c t i o n  2 was c o n s id e ra b ly  g r e a t e r  th a n  

th e  lo w er two in te r n o d e s .

(4 ) Sumrnar\'- o f  d i s t r i b u t i o n  e x p e rim en ts

(a )  F o l i a r  t i s s u e

In  o rd e r  to  com pare th e  r e s u l t s  o f  th e  th r e e  d i s t r i b u t i o n  e x p e rim e n ts  

in v o lv in g  f o l i a r  t i s s u e ,  th e  c o n te n t  o f  lAA in  each f r a c t i o n  was c o n v e r te d  

to  a v a lu e  r e l a t i v e  to  th e  a p i c a l  t i s s u e  c o n c e n tr a t io n .  F or t h i s  p u rp o s e , 

a v a lu e  o f  1 was ta k e n  t o  in d i c a t e  th e  c o n te n t o f  lAA in  a p ic a l  t i s s u e
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and th e  amount o f  lAA in  th e  rem a in in g  t i s s u e  f r a c t i o n s  w ere c a l c u la t e d  

r e l a t i v e  to  t h i s  (T ab le  5 9 ) .

T ab le : R e la t iv e  am ounts o f IAA in  each  f r a c t i o n  b a se d on
t h e i r  f r e s h  and d ry  w eigh t v a lu e s

F ra c t io n number

h xperim en t 1 2 4

1 1 0 .013 0 .0 4 9 7 0 .0 0 7 5

F re sh  w t. 2 1 0 .1 8 3 6 0 .2 6 7 5 0 .0 6 5 1

3 1 0 .2446 0 .4486 0 .0 7 9 0

mean v a lu e  1 0.1471 0 .2 5 5 3 0 .0 5 0 5

1 1 0 .0147 0 ,0 7 0 6 0 .0 1 5 2

D ry w t. 2 1 0 .2 3 0 5 0 .3 5 1 6 0 .1 0 1 2

3 1 0 .2 6 9 6 0 .4 3 2 3 0 .1 3 2 5
mean v a lu e  1 0 .1 7 1 6 0 .2848 0 .0 8 3

In  th e  th r e e  e x p e r im e n ts , a d e f i n i t e  p a t t e r n  i n  th e  d i s t r i b u t i o n  o f  

I aA was e v id e n t .  C o n s is te n t ly  more lAA. was d e te c te d  in  th e  a p i c a l  

f r a c t i o n s ,  w ith  th e  o ld e r  t r i f o l i a t e  t i s s u e  h av ing  th e  second  l a r g e s t  

c o n c e n t r a t io n  o f  IAA. Of th e  rem a in in g  t i s s u e  f r a c t i o n s ,  th e  y o u n g er 

t r i f o l i a t e  le a v e s  w ere found  to  have more IAA th a n  th e  p rim ary  l e a f  

t i s s u e ,  a l th o u g h  th e  c o n v e rse  was t r u e  w ith  th e  d ry  w e ig h t r e s u l t s  o f 

th e  f i r s t  e x p e rim e n t.

(b ) S tgn  t i s s u e

The i - e s u l ts  o f th e  t h r e e  stem  d i s t r i b u t i o n  ex p erim en ts  w ere com pared 

i n  a s i m i l a r  m anner t o  t h a t  o f  th e  f o l i a r  t i s s u e .  The r e l a t i v e  c o n te n ts  

o f  each  f r a c t i o n  ai-e shown i n  T a b le  60,

In  two ex p e rim e n ts  on th e  b a s i s  o f  d ry  w eight c o n te n t ,  th e  a p ic a l  

r e g io n  c o n ta in e d  th e  l a r g e s t  c o n c e n t r a t io n  o f lAiî. I n  c o n t r a s t ,  i n  th e  

othei* e x p e rim e n t, th e  upperm ost in te m o d e  was shown t o  have th e  l a r g e s t  

amount o f IAA„ In  th@ f i r s t  two e x p e rim e n ts , th e  r e g io n  o f  th e  lo w e s t
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T ab le  6 0 : R e la t iv e  am ounts o f  IAA in  each f r a c t i o n  b a se d  on
t h e i r  f r e s h  and d ry  w eigh t v a lu e s

F ra c t io n  number

E xperim ent1 m i l  II ■ ■ h i i a a 2 1 4

1 1 Go 4-831 0 .3 3 3 3 0 .1 4 3 7

2
F re sh  w t. 1 2.3783 0 .7 5 6 6 0

3 1 0 .3322 0 .1 3 2 5 0 .1 6 1 2

mean v a lu e 1 1,1319 0 .4 7 4 2 0 .1 0 1 6

1 1 1.2438 1 .3144 0 .3 1 4 5
2

Dry w t. 1 3,8412 0 .8 1 3 9 0

3 1 0 .3 6 1 7 0 .1 8 0 0 0 .1 6 6 2

mean v a lu e 1 1 .8829 0 .7 6 9 4 0 .1 6 0 2

in te m o d e  was found  to  c o n ta in th e l e a s t  amount o f  I M ;  in d e e d . in  one

c a s e ,  no IAA was d e te c te d .
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DISCUSSION

I t  i s  a c c e p te d  th a t  many a s p e c ts  o f  th e  g row th  and d i f f e r e n t i a t i o n  

o f  h ig h e r  p la n t s  a re  u n d er th e  c o n t r o l  o f  s p e c i f i c  p la n t  g row th  s u b s ta n c e s  

o r  hormones (A udus, 1972 ). One o f  th e  e a r l i e s t  d is c o v e re d  ty p e  o f  

p la n t  hormone was a u x in . The m ain au x in  in  h ig h e r  p la n ts  i s  g e n e r a l ly  

c o n s id e re d  to  be i n d o l e - 3- a c e t i c  a c id  and i t s  s t a t u s  as  th e  m ost w ide­

s p re a d  a u x in  i s  b a sed  on a l a r g e  body o f  ev idence  from  a v a r i e t y  o f  

p la n t  s o u rc e s ;  t h i s  e v id en ce  in c lu d e s  many i d e n t i f i c a t i o n s  u s in g  

v a r io u s  c h ro m a to g ra p h ic , c o lo r im e t r ic  and b io l o g ic a l  a s sa y s  (Thhnann,

1 9 7 2 ) .  In  v iew  o f  th e  e q u iv o c a l n a tu re  o f th e s e  te c h n iq u e s ,  s e v e r a l  

p h y s ic o -c h e m ic a l m ethods have r e c e n t ly  been  a p p l ie d  in  i d e n t i f y in g  IAA 

in  s e v e r a l  p la n t  s p e c ie s  ( e .g .  Greenwood e t  a l . , 1972 ). The in v e s t i g a t io n  

o f  IAA in  P hase  p lu s  v u lg a r i s  b eg an  w ith  an e x a m in a tio n  o f th e  te c h n iq u e s  

in v o lv e d  when su ch  a  system  i s  u se d .

In  g e n e r a l ,  th e  a n a ly s i s  o f com ponents o f com plex b io l o g ic a l  

m ix tu re s  i s  co n d u c ted  by a th r e e  s ta g e  p ro c e s s  in v o lv in g  e x t r a c t i o n ,  

p u r i f i c a t i o n  and i d e n t i f i c a t i o n  (Vanden Heuvel and  Z a c c h e i, 1 9 76 ). T h is  

c l a s s i c a l  app ro ach  i s  common to  m ost ty p e s  o f horm one, m e ta b o l i te  o r  drug 

a n a ly s e s ,  w here th e  c h e m ic a l in  q u e s tio n  i s  o f te n  p r e s e n t  in  e x tre m e ly  

low  c o n c e n t r a t io n s .  The deg ree  o f  e la b o r a t io n  o f each  p a r t i c u l a r  s ta g e  

o f  th e  a n a ly s i s  w i l l  n o t o n ly  be dependent on th e  c o n c e n t r a t io n  o f  th e  

compound, b u t w i l l  be  a l s o  in f lu e n c e d  by  th e  n a tu r e  o f  th e  c o n ta m in a tio n  

p r e s e n t .  A lthough  many a n a ly se s  have been  made in  n o n -p h o to s y n th e tic  

t i s s u e ,  l i t t l e  s u c c e s s  h as  b een  g a in e d  when s im i la r  a n a l y t i c a l  m ethods 

a re  a p p l ie d  to  p h o to s y n th e t ic  t i s s u e  (se e  I n t r o d u c t io n ) ,  I n  t h i s  

t h e s i s  a com bined e x t r a c t i o n ,  p u r i f i c a t i o n  and a n a l y t i c a l  m ethod h a s  

e n ab led  p r e c i s e  m easurem ents o f  th e  l e v e l s  o f IAA in  sh o o ts  o f  P . 

v u l g a r i s . T h is  m ethod was a ls o  a p p l ie d  to  b o th  stem  and l e a f  t i s s u e s  

in  o rd e r  to  d e te rm in e  th e  d i s t r i b u t i o n  o f IAA th ro u g h o u t th e  s h o o t.
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E x t r a c t io n  o f  lAA from p la n t  t i s s u e  in v o lv e s  c e r t a i n  m e th o d o lo g ic a l 

a s  w e ll  a s  s i t e  o f  o r ig i n  p rob lem s (D en n is , 1977)* The m ain c r i t e r i o n  

a p p l ie d  in  th e  m o n ito r in g  o f  e x t r a c t io n  e f f ic ie n c y  in  t h i s  t h e s i s  has  

been  th e  d e g re e n in g  o f  t i s s u e ,  which p resum ably  in d i c a t e s  p l a s t i d  

breakdow n. N e v e r th e le s s ,  th e  i n t x a c e l l u l a r  lo c a t io n  o f  th e  IAA. rem ains 

a m a t te r  o f c o n je c tu r e .  I t  i s  o f te n  assumed t h a t  a p o o l o r  p o o ls  o f  

" f r e e "  liiA , t h a t  i s  IAA no t c h e m ic a lly  o r  p h y s ic a l ly  bound to  a  s u b s t r a t e ,  

e x i s t s  w i th in  c e l l s  (D en n is , 1 9 7 7 ). However, th e  e x t r a c t io n  m ethod u se d  

i n  t h i s  t h e s i s  may w e ll  be in c a p a b le  o f  f u l l y  rem oving t h i s  IAA, and in  

a d d i t io n ,  th e  p o s s i b i l i t y  t h a t  "bound" form s o f  IAA a re  c o n v e r te d  to  

" f r e e "  IM  d u r in g  m e th a n o lic  e x t r a c t i o n  canno t be d is c o u n te d . I t  i s  

a p p a re n t t h a t  th e  p rim e d i f f i c u l t y  i n  d e te rm in in g  e x t r a c t io n  e f f i c i e n c y  

o c c u rs  i n  i d e n t i f y i n g  th e  i n t r a c e l l u l a r  lo c a t io n  o f IAA.

E x h a u s tiv e  e x t r a c t i o n  s tu d ie s  have in d ic a te d  t h a t  m eth an o l w ould  

a p p e a r  t o  be th e  m ost s u i t a b l e  o rg a n ic  s o lv e n t f o r  many t i s s u e s  (W itsc h , 

1956; H illm an , p a r s ,  comm.) ,  b u t l i t t l e  in fo rm a tio n  i s  a v a i la b le  on 

b io s y n th e s i s  o r  m e tab o lism  o f IAA d u rin g  e x t r a c t i o n .  Whitmore and  

Z ahner ( l 964) have shown t h a t  IAA s y n th e s is  can  o ccu r d u rin g  d ie th y l  

- e t h e r  e x t r a c t i o n  o f  P in u s  phloem  and cam b ia l t i s s u e .  S im i la r ly ,  

s tu d ie s  by  Atsumi a l ,  ( l  976) and K u ra ish i (1976) have in d i c a te d  th a t  

IAA can  a r i s e  a s  an a r t e f a c t  from  in d o le  p y ru v ic  a c id  d u r in g  m e th a n o lic  

e x t r a c t i o n ,  and t h a t  s y n th e s i s  o f  in d o le  p y ru v ic  a c id  from  try p to p h a n  

can  a l s o  o c c u r . These l a t t e r  c o n c lu s io n s  a re  open to  th e  c r i t i c i s m  

t h a t  t h e i r  m ethod o f a s s a y  was u n s p e c i f i c ,  in  t h a t  i t  in v o lv e d  th e  

ch rom atog raphy  o f a  c ru d e  e x t r a c t  fo llo w e d  by a mung b ean  h y p o c o ty l 

b io a s s a y .  They d id  n o t .u 'e se n t any ev id en ce  t h a t  t h e i r  ch ro m a to g rap h ic  

sy stem  was capabl.e o f  d is c r im in a t in g  betw een IAA and o th e r  in d o le  a u x in s .  

I n  a d d i t io n .  De Yoe and Z a e r r  ( l  976 b ) have p o in te d  out t h a t  i n  exam in ing  

e x t r a c t i o n  te c h n iq u e s ,  m ethods o th e r  th a n  p ap e r ch rom atography  and 

b io a s s a y  m ust be a p p l ie d ,  p a r t i c u l a r l y  s in c e  p h e n o ls ,  w hich may be
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p re s e n t  in  e x t r a c t s ,  a r e  known to  a f f e c t  th e  b io a s s a y  r e s p o n s e s .

In  th e  ex p erim en t in v o lv in g  th e  in c o rp o ra t io n  o f  [^ H ]-try p to p h a n  i n  

a l e a f  e x t r a c t  (R e s u l t s  s e c t io n  1 , p a r t  1 (a ) ) ,  no r a d io a c t iv e  IAA c o u ld  

be d e te c te d  a f t e r  24- h in c u b a t io n ,  s u g g e s tin g  th a t  once e x t r a c t io n  o f  

try p to p h a n  h as  o c c u rre d  from  t i s s u e ,  no c o n v e rs io n  to  IAA w i l l  o c c u r .

T h is  r e s u l t  does n o t ex c lu d e  th e  p o s s i b i l i t y  t h a t  endogenous in d o le  

p y ru v ic  a c id  may w e ll  breakdow n to  IAA d u rin g  e x t r a c t i o n .  In  f a c t ,  

in d o le  p y ru v ic  a c id  i s  p a r t i c u l a r l y  u n s ta b le  and w i l l  r e a d i ly  d eg rad e  to  

IAA (Thim ann, 1 9 7 2 ); th u s  such  a p ro c e s s  a s  w e ll  a s  o c c u r r in g  d u r in g  

s o lv e n t  e x t r a c t i o n  may a l s o  ta k e  p la c e  d u rin g  th e  p u r i f i c a t i o n  p ro c e d u re . 

T h e re fo re ,  th e  r o l e  o f  in d o le  p y ru v ic  a c id  in  th e s e  ty p e s  o f  s tu d ie s  

r e q u i r e s  f u r t h e r  e l u c id a t io n .

In  a d d i t io n  to  s o lv e n t e x t r a c t i o n ,  t h e  te c h n iq u e  o f  d i f f u s io n  h a s  

a l s o  b een  u se d  f o r  th e  c o l l e c t i o n  o f  IAA from p la n t  t i s s u e .  T h is  

in v o lv e s  th e  p la c in g  o f  th e  e x c is e d  p la n t  p a r t  c u t ends in  b lo c k s  o f  

a g a r .  A f te r  a s u i t a b l e  p e r io d  to  a llo w  d i f f u s io n  o f  th e  IAA in to  th e  

a g a r ,  th e  b lo c k s  a re  e x t r a c te d  w ith  an o rg a n ic  s o lv e n t  (W hite a l .  , 

1 9 75). D ennis ( l9 7 7 )  h a s  n o te d  t h a t  a c c o rd in g  to  i t s  p ro p o n e n ts , 

d i f f u s io n  te c h n iq u e s  r e s u l t  in  a b e t t e r  m easure o f IaA l e v e l s  s in c e  t r u e  

horm ones m ust move out o f  th e  o rgan  o r  t i s s u e .  T h is  D ennis p o in te d  

o u t , assum es th a t  th e  p ro c e s s  o c c u n 'in g  nui v i t r o  i s  i d e n t i c a l  w ith  t h a t  

i n  v iv o . What i s  m ore , L a rsen  ( l9 5 5 )  c la im e d  t h a t  th e  y i e l d  o f a c t i v e  

m a te r i a l  in  a  d i f f i i s io n  s tu d y  depends on th e  d u ra t io n  o f s e c r e t i o n ,  r a t e  

o f  p ro d u c t io n  and r a t e  o f  d e s t r u c t io n  a t  th e  c u t s u r f a c e .  N e v e r th e le s s ,  

in  one co m p ara tiv e  s tu d y .  W hite e ^  a l .  (l9 7 5 ) c o l l e c t e d  IAA from th e  

sh o o t t i p s  o f  P h a se o lu s  v u lg a r i s  by b o th  m ethano l e x t r a c t io n  and by 

d i f f u s io n  in t o  a g a r  b lo c k s .  A f te r  p u r i f i c a t i o n ,  b o th  ty p e s  o f  e x t r a c t s  

w ere a n a ly se d  f o r  I  An c o n te n t  by b io a s s a y  and mass s p e c tro m e try . The 

r e s u l t s  o f  th e  b io a s s a y  in d i c a te d  t h a t  more IAA was o b ta in e d  from  th e  

sh o o t t i p s  by d i f f u s io n  in t o  a g a r ,  Thi^  p a t t e r n  was n o t s u b s t a n t i a t e d
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i n  th e  mass s p e c tro m e try  r e s u l t s ,  w hich in  f a c t  su g g e s te d  t h a t  b o th  

m ethods o f  e x t r a c t i o n  w i l l  y i e l d  s im i l a r  amounts o f  I M  from a p ic a l  

t i s s u e .  I f ,  how ever, th e  te c h n iq u e  o f  d i f f u s io n  in to  a g a r  f o r  IAA 

c o l l e c t i o n  i s  to  be  o f  u se  f o r  a v a r i e t y  o f p la n t  s p e c ie s  and o rg a n s , 

th e n  th e  c o n t r ib u t io n  o f th e  c u t s u r f a c e  e f f e c t s  to  IAA v a lu e s  sh o u ld  

b e  gauged .

C o l le c t io n s  o f  lAA^from p la n t s  has a ls o  been  made by  c e n t r i f u g a t io n  

(De Yoe and Z a e r r ,  1976b) and by e x u d a tio n  in to  g la s s  p i p e t t e s  (H a ll  and 

Medlow, 1974 ) .  The c e n t r i f u g a t io n  m ethod u t i l i s e d  b y  De Yoe and Z a e r r  

was fo u n d  to  e f f e c t i v e l y  remove more IAA from  s h o o ts  o f  D ouglas f i r  th a n  

d i e th y l  e th e r  s o lv e n t e x t r a c t i o n .  U ndoubtedly  f o r  IAA q u a n t i f i c a t i o n  

s tu d ie s  in  xylem and  phloem  s a p , such  te c h n iq u e s  w i l l  y i e l d  much p u r e r  

e x t r a c t s  th a n  s o lv e n t e x t r a c t i o n ,

ViTater h a s  a l s o  been  recommended as  an e x t r a c ta n t  o f  " f r e e "  a u x in  

(L a rs e n , 1955)- T h is  m ethod , how ever, a llo w s  enzym atic  p r o c e s s e s ,  w hich 

may a l t e r  IAA l e v e l s ,  to  c o n t in u e ,  a l th o u g h  such e f f e c t s  c a n  be  overcom e 

by  lo w erin g  th e  e x t r a c t i o n  te m p e ra tu re  and th e  in c lu s io n  o f  Ka 

- d ie th y ld i th io c a r b a m a te  (se e  M rs  e n , 1955 and B e n tle y , 1961 ) .

F o r th e  o th e r  a c id ic  p la n t  grow th  horm ones, nam ely th e  g i b b e r e l l i n s  

and  a b s c i s i c  a c id ,  th e  m ethod o f  e x t r a c t io n  th a t  h as  been  s u g g e s te d  i s  

th e  u se  o f  m e th a n o l. Reeve and C ro z ie r  ( l9 7 8 ) have s t a t e d  t h a t  

m a c e ra tio n  o f p la n t  t i s s u e  i n  c o ld  m ethano l w i l l  remove a l l  th e  

p r e c u r s o r s  and m e ta b o l i te s  o f  [^ii] g ib b e r e l l i n s  p r e s e n t .  S im i la r ly ,  

S aunders  ( l9 7 b )  h a s  recommended e x t r a c t i o n  o f a b s c i s i c  a c id  from  p la n t  

t i s s u e  by 8O70 m e th a n o l, th u s  th e  u se  o f  s o lv e n t  e x t r a c t io n  o f  p la n t  

t i s s u e  i s  n o t c o n f in e d  t o  IAA s tu d ie s .

F o llo w in g  th e  p e r io d  o f  s o lv e n t e x t r a c t io n ,  v a r io u s  p u r i f i c a t i o n  

p ro c e d u re s  a re  em ployed in  o rd e r  to  a l l e v i a t e  th e  d i f f i c u l t i e s  t i i a t  w i l l  

c e r t a i n l y  a i i s e  in  m e a su rin g  lAil in  sam ples t h a t  a re  h ig h ly  c o n ta m in a te d . 

I n  th e  i n i t i a l  p u r i f i c a t i o n  m ethods in v o lv in g  s o lv e n t  r e d u c t io n  and
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p a r t i t i o n i n g ,  a  s im p le  m ethod t h a t  c o n s is te d  o f f i l t r a t i o n  o f th e  aqueous 

p h a se , was found  to  d r a m a t ic a l ly  lo w er th e  d iy  w eight o f  th e  e x t r a c t s  

w ith o u t u n d u ly  a l t e r i n g  th e  IAA. l e v e l s .  M oreover, i t  was n o te d  t h a t  

th e  i n t r o d u c t io n  o f an a l k a l i - e t h e r  p a r t i t i o n ,  w hich sh o u ld  e l im in a te  

much p h e n o lic  and n e u t r a l  m a t e r i a l ,  d id  n o t le a d  to  a  s i g n i f i c a n t  

r e d u c t io n  i n  th e  sam ple d ry  w e ig h t. N e v e r th e le s s ,  th e  p o s s i b i l i t y  

e x i s t s  t h a t  s e v e r a l  com pounds, w hich m ight o th e rw ise  b e  p r e s e n t  in  th e  

f i n a l  sam p le , may b e  e l im in a te d .  T h is  may a r i s e  from th e  f a c t  t h a t  

m o n ito r in g  o f  e x t r a c t s  on a d ry  w eigh t b a s i s  w i l l  n o t r e v e a l  any s u b t l e  

changes in  t h e i r  c o m p o s itio n , Diy w eig h t a sse ssm e n ts  a r e ,  how ever, a  

c o n v e n ie n t m ethod f o r  t h e  ex a m in a tio n  o f  p u r i f i c a t i o n  e f f i c i e n c i e s  

s in c e  th e y  do r e v e a l  th e  o v e r a l l  q u a n t i t a t i v e  d eg ree  o f c o n ta m in a tio n  

o f  th e  e x t r a c t .

In  c o n t r a s t  to  f i l t r a t i o n  as a  m ethod o f  rem oving p a r t i c u l a t e  m a t te r  

from  th e  aqueous p h ase  o f  IAA e x t r a c t s ,  R obertson  e t a l .  (1976) em ployed 

a  c e n t r i f u g a t io n  s ta g e .  Both th e s e  system s have a lso  been  recommended 

a s  a m ethod f o r  p u r i f y in g  a b s c i s i c  a c id  e x t r a c t s  (L au n d e rs , 1978 ).

The re c o v e ry  o f IAA d u rin g  th e  two ty p e s  o f p a r t i t i o n i n g  in  th e s e

p r e l im in a r y  p u r i f i c a t i o n  ex p erim en ts  was found to  be c lo s e ly  s im i la r

to  t h a t  o f Mann and J a w o rsk i (1 9 7 0 ), who r e p o r te d  r e c o v e r ie s  o f  IAA o f

92-937° f o r  th e  a c i d i c - e t h e r  p a r t i t i o n s  a t  a pH o f  3 .0 .  In  a d d i t io n ,  i t

was n o te d  th a t  l i t t l e  change was found  to  o ccu r in  th e  ra d io c h e m ic a l p u r i t y  

r l4o f  th e  [ C]“ IAA d u rin g  th e s e  p r e l im in a ry  p u r i f i c a t i o n  e x p e rim e n ts .

The m ain  p a ra m e te rs  by w hich  th e  perfo rm an ce  o f  p r e p a r a t iv e  

ch ro m a to g rap h ic  sy stem s a re  ju d g e d  a r e  ( l )  r e s o lu t io n  (2) sam ple 

c a p a c i ty  ( 3 ) sp eed  o f  o p e r a t io n  (Reeve a l . . 1976); and in  th e  

c o n te x t o f  t h i s  t h e s i s ,  h ig h  re c o v e ry  r a t e s  f o r  [^^0]-IA A . In  th e  

e x p e rim e n ts  on column ch ro m a to g rap h y , th e  m ain c r i t e r i o n  a p p l ie d  i n  

t e s t i n g  t h e i r  r e l a t i v e  e f l i c i e n c y  was e s s e n t i a l l y  t h e i r  r e s p e c t iv e  

a b i l i t y  to  r e s o lv e  th e  p la n t  p ig m en ts  from th e  IM  c o n ta in in g  zone.



132

S in ce  th e s e  sy stem s w ere g r a v i t y - f e d ,  t h i s  o b v io u s ly  n e c e s s i t a t e d  a  l o s s  

i n  sp eed  o f o p e r a t io n .  B ased on t h e i r  r e s o lv in g  a b i l i t y ,  how ever, th e  

D E A E -cellu lose  and PVP system s w ere found to  be p a r t i c u l a r l y  e f f e c t i v e ,  

w h i ls t  e x h ib i t in g  h ig h  r e c o v e ry  v a lu e s  f o r  These v a lu e s

compare f a v o u ra b ly  w ith  th o s e  o f  B andursk i and S chu lze  (1974) and G lenn 

e t  a l .  ( 1972 ) ,  who r e p o r te d  r e c o v e r ie s  o f  ~fB/o from D E A E -cellu lose  # ie n  

e lu te d  w ith  a c e t i c  a c id ,  and  93/^ from  PVP, r e s p e c t iv e ly .  In  te rm s o f 

sam ple c a p a c i ty ,  th e  D E A E -cellu lose  system  w i l l  o b v io u s ly  b e  p r e f e r a b l e  

to  th e  PVP s y s te n .

In  u s in g  th e s e  system s i t  was a p p a re n t t h a t  th e  m ain d is a d v a n ta g e  

la y  i n  th e  tim e  in v o lv e d  i n  t h e i r  p r e p a r a t io n  and  u s e .  Such d i s ­

ad v an tag es  c o u ld  be  overcome i n  th e  f u tu r e  by th e  developm ent o f  r a p id  

f lo w  column sy s tem s  v rith  s o lv e n t  flow  b e in g  c o n t r o l l e d  by a  do seag e  

pump. T here a r e  i n  u se  many h ig h -p e rfo rm an ce  l i q u i d  c h ro m a to g rap h ic  

sy stem s t h a t  a re  c a p a b le  o f  g e n e r a t in g  e x c e l le n t  r e s o lu t io n  (D urle y  

and  K annangara, 1976; S w e e tse r  and S w a rtz fa g e r , 1 9 7 8 ), b u t t h e i r  u se  

i s  o f te n  n e g a te d  by v i r t u e  o f  t h e i r  low sam ple c a p a c i ty  and h ig h  c o s t .

I n  g e n e r a l ,  i t  may be p r e f e r a b l e  to  u t i l i s e  a low p re s s u re  l i q u i d  

ch ro m a to g rap h ic  system  w hich can  s a t i s f y  th e  g e n e ra l  re q u ire m e n ts  o f 

sp eed  and c a p a c i ty  w ith  an  a c c e p ta b le  lo w erin g  in  r e s o lu t io n ,  p r i o r  to  

th e  u t i l i s a t i o n  o f  a h ig h  p erfo rm an ce  ch ro ina tog raph .

In  e v a lu a t in g  th e  r e l a t i v e  m e r i t s  o f  th e  v a r io u s  s o lv e n t  sy stem s 

f o r  th e  TLG o f  lA A -c o n ta in in g  e x t r a c t s ,  th e  main c o n s id e r a t io n  was to  

p ro v id e  a r e l i a b l e  p r e p a r a t iv e  ch ro m ato g rap h ic  m ethod a l th o u g h  w ide­

s p re a d  u se  h a s  been  made o f  TLG a s  a means o f  a n a ly s in g  p la n t  e x t r a c t s  

f o r  IAA. ( e .g .  P o w e ll, 1 9 7 2 ). Of th e  system s t e s t e d ,  f i v e  w ere found  

t o  r e s o lv e  c o m p le te ly  IAA from  th e  co n tam in a n ts  in  th e  co -ch ro m ato g rap h ed  

p la n t  e x t r a c t .  On th e  o th e r  h and , when m ethano l was u se d  to  re c o v e r  

IAA from  th e  TLG s u p p o r t m ed ia , th o s e  p l a t e s  t h a t  had  been d ev e lo p ed  in  

m e th y l a c e t a t e  ï p ro p a n -2 -o l  : ammonia (45 î 35 i 20; v /v )  e x h ib i te d  th e
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h ig h e s t  r e c o v e r ie s .  I n d ic a t io n s  a re  t h a t  th e  tim e invo lved , in  re c o v e ry  

i s  c r i t i c a l ,  s in c e  Lagi ( 1 9 6 9 ) dem onstrated , th a t  breakdoim  o f  IAA w i l l  

o ccu r on TLG p l a t e s  i f  re c o v e ry  i s  no t a tte m p te d  w ith in  two h o u rs .

T hus, in  th e  ex p e rim e n ts  d e s c r ib e d  i n  t h i s  t h e s i s ,  t h e  TLG zone was 

alw ays e lu te d  im m ed ia te ly  fo llo w in g  developm ent.

iVhen re c o v e ry  from  TIG p l a t e s  in v o lv e d  e l u t io n  w ith  m e th a n o l, a 

h ig h  d eg ree  o f  c o n ta m in a tio n  was n o te d , e s p e c i a l l y  in  th e  sh o o t t i s s u e  

q u a n t i f i c a t i o n  e x p e r im e n ts . In  p a r t i c u l a r ,  when th e  ch ro m a to g rap h ic  

sy stem s were com bined in t o  one p u r i f i c a t i o n  p ro c e d u re  and a p p l ie d  to  

sh o o t t i s s u e  e x t r a c t s ,  a  l a r g e  sam ple d ry  w eight v/as n o te d  a f t e r  e l u t in g  

th e  IAA from  TIG p l a t e s  u s in g  m e th a n o l. T h is  e f f e c t  c o u ld  n e v e r th e le s s  

be red u ce d  by  r e d i s s o lv in g  th e  sam ple in  e t h e r ,  p resum ab ly  in d i c a t i n g  

th e  p o la r  n a tu re  o f  th e  c o n ta m in a tio n . I t  was su rm ise d  t h a t  th e  b u lk  

o f  t h i s  c o n ta m in a tio n  was due to  th e  e lu t io n  of th e  UV in d i c a to r  and 

s i l i c a  g e l  from  th e  TLG p l a t e .

In  c o n t r a s t  to  m ost ty p e s  o f TLG, GLC i s  a more p o w e rfu l s e p a r a to r y  

te c h n iq u e  a lth o u g h  t h i s  i s  tem pered  by a low er sa/nple c a p a c i ty  (Reeve 

e t  a l o , 1 9 7 6 ) ,  T h e re fo re ,  GLC was c o n s id e re d  o n ly  a s  a s e p a r a to r y  

p ro c e s s  f o r  f i n a l  sam ple p u r i f i c a t i o n .

D é r iv â t i s a t i o n  o f p o la r  compounds to  a s u i t a b ly  s t a b l e  d é r i v â t e i s  

u s u a l  i n  o rd e r  t o  a v o id  u n d e s i r a b le  e f f e c t s  d u r in g  GIG. T hese e f f e c t s  

a re  commonly a d s o rp t io n  and th e rm a l i n s t a b i l i t y  w hich a r e  m a n ife s t  o f te n  

by  p eak  asym m etry (D rozd , 1 9 75 ). A r e p o r t  by Ghampault ( l9 7 5 )  in v o lv in g  

th e  GLC o f  u n d e r iv a tis e d .  o r  f r e e  IAA, in d i c a te d  t h a t  such  p ro c e s s e s  may 

n o t o ccu r w ith  IAA. In  an  a t te m p t to  re p e a t  t h i s  r e p o r t ,  two 

s t a t i o n a r y  p h a se s  m t h  s im i l a r  GG s e l e c t i v i t y  to  t h a t  o f  Ghampault 

w ere ch o sen ; th e  r e s u l t s  o f  th e s e  ex p erim en ts  w ere , how ever, con­

t r a d i c t o r y ,  In  f a c t ,  tw o e f f e c t s  w ere n o te d , v i z .  th e  breakdow n o f 

IAA and e i t h e r  com p le te  o r  p a r t i a l  a d s o rp t io n  o f  th e  IAA on to  th e  

s t a t i o n a r y  p h a s e . In d e e d , in  one e x p e r in e n t a  la rg e  v o l a t i l e  com ponent.
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in e th y l- in d o le , was n o te d  p resu m ab ly  as  a breakdow n p ro d u c t o f  IAA. I t  

i s  th u s  p o s s ib le  t h a t  th e  GO peak  c la im ed  by Ghampault (1975) to  be IM  

was in  f a c t  a d eco m p o sitio n  p ro d u c t .  T h is  ty p e  o f  r e s u l t  i l l u s t r a t e s  

th e  n e c e s s i t y  o f  a c c u r a te ly  id e n t i f y i n g  com ponents in  GG t r a c e s ,  

p a r t i c u l a r l y  when a n o n - s p e c i f i c  d e te c to r  such a s  th e  FID i s  u s e d .

T hree m ethods o f d é r i v â t i s a t i o n  were t e s t e d  in  o rd e r  to  p re p a re  a 

s u i t a b ly  s t a b l e  d e r iv a t iv e  o f  I M  f o r  GhC. T hese w ere : ( i )  m e th y l

e s t é r i f i c a t i o n ,  ( i i )  t r i m e t h y l s i l y l a t i o n ,  and ( i i i )  h a lo a c y la t io n .

Each was s u c c e s s f u l  in  p ro d u c in g  s t a b l e  d e r iv a t iv e s ,  b u t a s  th e  u l t im a te  

o b je c t  was th e  p ro d u c tio n  o f  a  q u a n t i t a t i v e  a n a l y t i c a l  m ethod , th e n  th e  

d eg ree  o f  c o n v e rs io n  o r  y i e l d  o f  th e  d e r iv a t iv e s  from  th e  I M  had  o f  

n e c e s s i t y  to  b e  known. V /ithout t h i s  in fo rm a tio n ,  th e  c o n d i t io n s  o f  

r e a c t io n  w ould have to  be  i d e n t i c a l  in  a l l  r e s p e c t s  f o r  each  sam p le .

I t  i s  p a t e n t l y  obv ious t h a t  i n  th e  c a se  o f p la n t  e x t r a c t s  in v o lv in g  

unknown am ounts o f  I M  t h i s  w ould n o t have been  th e  c a s e .  A c c o rd in g ly , 

rad io-G IG  and radio-TLG  te c h n iq u e s  w ere u sed  to  gauge y i e l d s .  F o r  th e  

h a lo a c y l  d e r i v a t i v e ,  th e  y i e l d  was found  to  be 5 2 . 3?°? even when th e  

c o n c e n tr a t io n  o f  d e r i v a t i s a t i o n  ag en t was in c re a s e d  s u b s t a n t i a l l y  above 

th e  v a lu e s  shown in  th e  l i t e r a t u r e  ( e .g .  R iv ie r  and P i l e t ,  1 9 7 4 ).

Such a  r e s u l t  d e m o n s tra te s  th e  n e c e s s i ty  o f a p p re c ia t in g  th e  y i e l d  o f  

d e r i v a t i s a t i o n  f o r  GG q u a n t i t a t i v e  m ethods, b ecau se  i t  can n o t be assum ed 

t h a t  th e  r e a c t io n  y i e ld  f o r  unknown sam ples i s  s i m i l i a r  (D rozd , 1975)*

The p re p a to r y  y ie ld s  o f th e  o th e r  two ty p e s  o f  d e r iv a t iv e s  w ere 

found  to  be IOÛ70, In  ch o o s in g  th e  TMLi d e r iv a t iv e  i t  had  to  be b o rne  

i n  m ind i t s  l a b i l e  n a tu r e  in  th e  p re se n c e  o f w a te r  (P ie r c e  c a t a lo g ,  1977) 

A lthough  t r i m e t h y l s i l y l a t i o n  was c a r r i e d  out u s in g  BSA, G runwald emd 

Lockard (1970) and B an d u rsk i and S chu lze  ( 1974) have d e m o n s tra te d  th a t  

BTSFA can  a l s o  a c t  a s  a s i l y l  d o n o r, and t h a t  th e  r e a c t io n  r a t e  w ith  

t h i s  d e r i v a t i s a t i o n  ag en t and I M  i s  much f a s t e r .

The mass s p e c t r a  o f  a l l  t h r e e  ty p e s  o f d e r iv a t iv e  w ere se e n  to
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share a s iin ila i' p a tte r n . I n i t i a l  fragm entation  was a t th e  a  -  p lin k age  

in  th e  s id e  ch a in  r e s u lt in g  in  th e  form ation  o f  th e  quinoliniurn io n  as  

th e  base io n . For th e TMoi d e r iv a t iv e  l i t t l e  fragm entation  was found to  

occur beyond t h i s  p o in t;  t h i s  was in  marked co n tra st to  th e  ca se  o f  

HFB-IAA-Me and IM -M e. The low in t e n s i t y  o f  f ra in en t io n s  beyond th e  

base io n  fo r  b is-T M S i-IM  has p r e v io u s ly  been noted  by B ridges ^  al»  

( 1973) and Bandurski and Schu lze (1 9 7 4 ). The m/e lo s s e s  fo r  IM  and 

lAA-Me were s im ila r  a f t e r  th e  form ation  o f  th e  base io n ,  presum ably 

in d ic a t in g  a s im ila r  ex p u ls io n  p a tte r n , which i s  rep orted  to  be th e  

i n i t i a l  l o s s  o f HCN fo llo w e d  by a c e ty le n e  ( S p i t e l l e r ,  1 9 71 ). S p i t e l l e r  

a ls o  noted  th a t th e  c lea v a g e  p a tte r n  o f  5 - s u b s t itu te d  in d o le s  i s  s im ila r  

to  th a t o f  2 - s u b s t itu te d  in d o le s ,  thus th e use o f mass spectrum  a n a ly s is  

a lon e fo r  un eq u ivoca l id e n t i f i c a t io n  o f  in d o le -5 -a c e t ic  a c id  may not be 

p o s s ib le .  No r e p o r ts ,  how ever, appear to  s u b s ta n t ia te  t h i s  p r o p o s it io n .  

A com parative mass s p e c tr a l stu d y  o f in d o le  s u b s t itu te d  w ith  a c e t ic  a c id  

at v a r io u s r in g  p o s it io n s  co u ld  undoubtedly overcome t h i s  problem .

In a d d itio n  to  e s ta b lis h in g  th e  id e n t ity  o f  each d e r iv a t iv e ,  th e  

MS r e s u l t s  In d ic a te d  th a t th e  TMSi r e a c t io n  was a . tw o -sta g e  p r o c e s s .  

T his has been p r e v io u s ly  rep o rted  by Grunwald and Lockard ( l9 7 0 ) , who 

u sed  BSA in  th e p resen ce o f  a c e t o n i t r i l e  as the s i l y l  donor.

Much o f  the d i f f i c u l t y  th a t  i s  exp erien ced  in  a n a ly s in g  p la n t

e x tr a c ts  fo r  hormones occurs as a r e s u lt  o f  t h e ir  low co n c e n tr a tio n s

(P o w ell, 1972)* Of th e  more g e n e r a lly  a p p lied  id e n t i f i c a t io n  procedures

(s e e  I n tr o d u c t io n ) , on ly  two methods can be con sid ered  to  be h ig h ly

s p e c i f i c ,  th e s e  are sp ectr^ flu or^ m etry  and mass spectrom etry . A lthough  
e

spectr@ fluor#m etric methods th a t  in v o lv e  con version  o f IAA to  in d o lo -a  

-pyrone are p r e c is e ,  some d i f f i c u l t i e s  have been exp erien ced  w ith  

pigm ented and e t io la t e d  e x tr a c ts  (b lia s s o n  e t  a l . , 1976; Mousedale e t  

a l . , 1978) .  Mass sp ectrom etry , when run in  con ju n ction  w ith  gas  

chromatography, can p rov id e  in form ation  o f  a q u a lita t iv e  end q u a n t ita t iv e
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n a tu re  on many ty p e s  o f  com pounds. D e s p ite  t h i s ,  l i t t l e  in fo rm a tio n  

h a s  been  p r e s e n te d  on th e  e f f e c t  o f im p u r i t i e s  on th e  p r e c i s i o n  o f  th e  

q u a n t i t a t i v e  te c h n iq u e .  I t  was th e r e f o r e  n e c e s s a ry  to  e v a lu a te  th e  

e f f e c t  t h a t  sh o o t t i s s u e  e x t r a c t  co n tam in a n ts  w ould have on th e  GC-MS 

m easurem ents o f I M ,  The m ost w id e ly  u sed  ty p e  o f  m ass sp e c tro m e te r  

i s  one in  w hich io n s  o f  sam ple m o lecu le s  a re  p ro d u ced  by  e l e c t r o n  

im p a c t. F o r any o f th e s e  io n s  to  be in  fo cu s  a t  th e  c o l l e c t o r  sy stem ,

th e  fo llo w in g  r e l a t i o n s h i p  m ust a p p ly ;

m /e =

2 2 Hnr

2V

w here H i s  th e  m ag n e tic  f i e l d ,  R i s  th e  c o n s t r u c t io n  r a d iu s ,  and  V i s  

th e  a c c e le r a t in g  v o l ta g e  ( P alm er and H o lm ste d t, 1975)* F o r th e  quan­

t i t a t i v e  ivlS s tu d ie s  o u t l in e d  i n  t h i s  t h e s i s ,  SID was u se d . T h is  was 

a c h ie v e d  by  h a v in g  one o r  more io n s  i n  fo cu s  a t  th e  MS c o l l e c t o r s .  In  

o rd e r  to  fo c u s  one io n ,  th e  p a ra m e te rs  H and V were  k e p t c o n s ta n t ,  w h i ls t  

f o r  more th a n  one io n ,  th e  v a lu e s  o f  V c o rre sp o n d in g  to  th e  io n s  m /e 202 

end m /e 319 w ere r a p id ly  a l t e r n a t e d ,b y  u se  o f th e  m u ltip e a k  m o n ito r .  

A d d i t io n a l ly ,  i t  was a p p a re n t t h a t  in  th e s e  s tu d ie s  a c a r e f u l  check  had  to  

b e  made on th e  o p e ra t in g  p a ra m e te rs  o f th e  MS. However, Eyem (1978) has 

shown t h a t  by c a r e f u l  f o c u s in g ,  th e  p r e c i s io n  o f  th e  above ty p e  o f 

a n a ly s i s  can  be 0 . 2 /  f o r  a g iv e n  s e t  o f s ta n d a rd s  i n  th e  nanogram  ra n g e . 

I n  th e o ry ,  c a r e f u l  fo c u s in g  sh o u ld  ta k e  d e te rm in a tio n s  dovm to  th e  

pg ra n g e .

In  R e s u l ts  s e c t io n  B, i t  was shown t h a t  a l e v e l  o f  IAA a s  low as 

100 pg c o u ld  be d e te c te d .  However, th e  r e l a t i o n s h ip  o f  peak  re sp o n se  to  

th e  amount o f  IM  in je c te d ,  on th e  AEI MS-30 was found to  d e p a r t  from

l i n e a r i t y ,  R o b e rtso n  e t  M . ( l9 7 b )  have p r e v io u s ly  n o te d  a n o n - l i n e a r i t y  

o f  re sp o n se  f o r  bis-TM Si-IA A  u s in g  t h i s  sy stem . W ith th e  J e o l  MS, th e  

co n v e rse  was found  to  be  th e  c a s e  and no d e p a r tu re  from l i n e a r i t y  was,- 

d e te o te d .  T hese two ty p e s  o f  GC-MS system s d i f f e r  in  th e  d e s ig n  o f
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t h e i r  in t e r p h a s e ,  w ith  th e  J e o l  MS h av in g  a m e ta l d o u b le - je t  s e p a r a t o r .

I t  i s  t i ie re l 'o re  c o n c e iv a b le  th a t  th e  n o n - l i n e a r i t y  o b serv ed  on th e  AEI 

MS- 30  may in  p a r t  b e  due to  a d s o rp t io n  a t  th e  GC-MS in te rp h o n e ,  a  p ro p o s a l  

a l re a d y  made by De R id d e r a l .  (1978) in  e x p la in in g  th e  n o n - l i n e a r i t y  

o f  t e s to s t e r o n e  m easui'einent«

(Vhen th e  p r e c i s io n  o f  th e  SID te c h n iq u e s  was a s s e s s e d  by  m easu rin g  

th e  re sp o n se  o f s e v e ra l  sam ples o f  bis-TM Si-IAA c o n ta in in g  v a ry in g  amounts 

o f  p la n t  e x t r a c t s ,  no s i g n i f i c a n t  v a r i a t i o n  was found  to  o c c u r . In  

a d d i t io n ,  no p eaks  o th e r  th a n  IAA were d e te c te d ,  th u s  d e m o n s tra tin g  th e  

s p e c i f i c i t y  o f  th e  te c h n iq u e .

A lthough th e  SID m ethod p ro v e d  a p r e c i s e  and s p e c i f i c  te c h n iq u e ,  

i t s  u se  i s  s t i l l  somewhat r e s t r i c t e d  by i t s  l i m i t s  o f  d e t e c t io n ,  With 

t h i s  in  m ind, an EGD-GG q u a n t i t a t i v e  m ethod was th e n  a s s e s s e d ,  i n  o rd e r  

to  d evelop  a system  f o r  IAA q u a n t i f i c a t i o n  in  a s in g le  p l a n t ,  A su rv e y  

o f  th e  l i t e r a t u r e  re v e a le d  t h a t  th e  h e p ta f lu o ro b u ty ry l  d e r iv a t iv e  o f  

compounds i s  p a r t i c u l a r l y  p o w erfu l i n  i t s  e le c t r o n - c a p tu r in g  p r o p e r t i e s  

(P o o le , 1976 ) .  T h is d e r iv a t iv e  o f  lAA-Me was t h e r e f o r e  p re p a re d  and 

i n v e s t ig a t e d  by EGD-GG, The r e s u l t s  d em o n stra ted  t h a t  th e  d e r i v a t i s e d  

I M  c o u ld  be d e te c te d  to  a t  l e a s t  23 p g , b u t as  th e  y i e l d  was known to  

be ap p ro x im a te ly  30/^, t h i s  v a lu e  c o u ld  be c o r r e c te d  to  12-13 pg- These 

r e s u l t s  w ere , how ever, confounded  by th e  f a c t  t h a t  when a s o lv e n t  b la n k  

was c a r r i e d  ttiro u g h  th e  same p ro c e d u re , a re sp o n se  e q u iv a le n t  in  

r e t e n t i o n  tim e  b u t c o n s id e ra b ly  lo w er in  p ro p o r t io n s  was o b ta in e d .

The o r ig i n  o f  t h i s  im p u r ity  i s  n o t known, b u t p o s s ib ly  i t  a r i s e s  from  

th e  o r i g i n a l  s o lv e n ts  o r  r e a g e n ts .  T hus, a l th o u g h  t h i s  ty p e  o f  

d e r iv a t iv e  w ould be s u i t a b l e  f o r  d e t e c t io n  o f IAA in  s in g le  p l a n t s ,  

a  c o n s id e ra b le  d eg ree  o f  p u r i f i c a t i o n  o f a l l  e x p e r im e n ta l m a te r ia l s  

w ould b e  n e c e s s a ry ,  p lu s  ex trem e cai'e in  th e  i n t e r p r e t a t i o n  o f r e s u l t s .

R a d io a c tiv e  IAA was u s e d  as  an i n t e r n a l  s ta n d a rd ,  and th u s  te c iin iq u e s  

w ere e s s e n t i a l  to  m easure i t  a c c u r a te ly  b e a r in g  in  m ind th e  th r e e



138

e s s e n t i a l  p o in ts  o l  s e n s i t i v i t y ,  th e  e f f e c t  o f th e  r a d io a c t iv e  IAA on

t o t a l  IM  m easurem ents and th e  l a b i l i t y  o f I M .  I f  a s p e c i f i c

a n a l y t i c a l  te c lu iiq u e  such  as  GC-MS i s  u sed  to  m easure  th e  l e v e l  o f

t o t a l  IAA, th e n  two p o s s i b i l i t i e s  a re  a v a i la b le  w ith  r e g a rd  to  th e

c h o ic e  o f i s o to p e :  e i t h e r  a l l  o f th e  IAA in  th e  r a d io a c t iv e  sam ple

sh o u ld  c o n t r ib u te  to  th e  t o t a l  IAA m easured  o r  n one . T here a r e  no

ty p e s  o f  r a d io a c t iv e  IM  th a t  w ould be s u i t a b le  f o r  th e  second
1 &a l t e r n a t iv e *  T h e re fo re  [ c ] - I M  la b e l l e d  a t  t h e  c a rb o x y l p o s i t i o n  

was s e le c te d ,  s in c e  a lth o u g h  th e  m o le c u la r  io n  o f  t h i s  ty p e  when 

a i l y l a t e d  i s  m /e 321 , th e  b a se  io n  i s  i d e n t i c a l  i n  m /e v a lu e  t o  t h a t  

o f  non r a d io a c t iv e  IAA.

W ith re g a rd  to  th e  l a b i l i t y  o f  IAA, Mann and  Ja w o rsk i ( l9 7 0 )  have  

shov/n th a t  e r r a t i c  breakdow n o f IAA can  o ccu r d u rin g  p u r i f i c a t i o n  

p ro c e d u re s .  Hence i t  i s  f e a s i b l e  t h a t  i f  s c i n t i l l a t i o n  co u n tin g  i s  

u se d  a lo n e  to  m easure th e  r a d io a c t iv e  IAA o f  a  sam p le , th e n  breakdow n 

p ro d u c ts  o f  IAa t h a t  a r e  n o t ex c lu d e d  by th e  p u r i f i c a t i o n  p ro c e d u re  w i l l  

a l s o  be  in c lu d e d  i n  t h i s  m easurem en t. In  o rd e r  to  overcome t h i s  

d i f f i c u l t y ,  radio-G LC v/as chosen  a s  th e  means o f  a s s e s s in g  th e  

r a d io a c t iv e  IiU\ p r e s e n t  in  th e  sam ples in te n d e d  f o r  I M  m easurem en t.

T h is  method c o n v e n ie n t ly  com bines a system  o p e ra t in g  a t  a h ig h  d e g re e  

o f  r e s o lu t io n  v /ith  a s e n s i t i v e  r a d io a c t iv e  d e t e c to r  (M atucha and 

Smolkova, 1976). In  a p r e l im in a r y  experim ent t h i s  system  v/as i n  f a c t  

shown to  be a s e n s i t i v e  te c h n iq u e  f o r  th e  m easu ran en t o f  [ ”̂ ^ C ]-IM  

p re s e n t  as th e  t i i m e t h y l s i l y l  d e r iv a t iv e .

To a r r iv e  a t  a  s u i t a b l e  te c h n iq u e  f o r  IAA q u a n t i f i c a t i o n  in  

sh o o t t i s s u e ,  th e  m ethods t h a t  w ere shown to  be e f f e c t i v e  i n  R e s u l ts  

s e c t io n s  A and B w ere com bined in t o  one e x p e rim e n ta l seq u en ce . P r i o r  

to  t h i s ,  th e  problem  o f  sam ple c o n ta m in a tio n  was c o n s id e re d , M a rtin  

e t  a l .  ( 1973 ) have shown t h a t  th e  m a te r i a l s  u se d  i n  e x t r a c t in g  and 

p u r i f y in g  p la n t  e x t r a c t s  can  be c o n ta m in a te d . T h e re fo re ,  a l l  th e
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g la s s w a re  u se d  in  th e  p ro c e d u re  was th o ro u g h ly  c le a n s e d  w ith  d i l u t e  a c id  

and  th e  s o lv e n ts  w ere r e d i s t i l l e d  p r i o r  to  u se . A f te r  a p p ly in g  th e  

com bined m ethod o f  e x t r a c t i o n  and p u r i f i c a t i o n  to  sh o o t t i s s u e  o f F , 

v u l g a r i s , a f i n a l  s a iip le  d ry  w eigh t o f  1 mg was a t t a i n e d .  T h is  v a lu e  

was found  to  be w e ll  w ith in  th e  re q u ire m e n ts  f o r  a c c u ra te  SID q u a n t i f i c ­

a t io n  a s  d e s c r ib e d  in  R e s u lts  s e c t i o n  B, N e v e r th e le s s ,  i t  was n o te d  

t h a t  th e  s o lv e n t b lank ., when c a r r i e d  th ro u g h  t h i s  p ro c e d u re ,  h ad  a d ry  

w eig h t o f  0 .2 2  mg. The p re s e n c e  o f  t h i s  m a te r ia l  c o u ld  n o t s o l e l y  b e
r l 4

a t t r i t u b e d  to  th e  [ Cj-IAA o r i g i n a l l y  added. Thus a lth o u g h  p r e c a u t io n s

w ere ta k e n  to  le s s e n  sam ple c o n ta m in a tio n , some im p u r i t i e s  w ere s t i l l  

p r e s e n t .  I t  i s  p ro b a b le  t h a t  th e  b u lk  o f  t h i s  c o n ta m in a tio n  o r ig i n a te d  

i n  th e  m a te r ia l s  u se d  f o r  p u r i f i c a t i o n .  The d ry  w e ig h t th u s  o b ta in e d  

s t i l l  ap p ea red  w i th in  th e  ra n g e  a c c e p ta b le  f o r  SID m easurem ent.

A f te r  each  e x t r a c t  had  been  d e r iv a t i s e d  w ith  BSA, rad io -G IG  and  SID

a n a ly s e s  w ere c a r r i e d  o u t .  Some c o n s id e r a t io n  h ad , how ever, to  b e  g iv e n
Q'ù'HS

t o  th e  q u e s tio n  o f ^ c o n tr o ls  and s ta n d a r d s .  The so lv e n t b la n k  o r  c o n t r o l  

c a r r i e d  out in  tandem  w ith  p la n t  e x t r a c t s  i s  e s s e n t i a l  f o r  t h e  m o n ito r in g  

o f  p o s s ib le  c r o s s - c o n ta m in a t io n  from  o th e r  so u rc e s  o f  IAA. A lso , th e  

lo s s e s  in c u r r e d  d u rin g  p u r i f i c a t i o n  were m o n ito red  by  th e  in c lu s io n  o f  

a  r a d io a c t iv e  i s o to p e ,  A lthough  r a d io a c t iv e  i n t e r n a l  s ta n d a rd s  a r e  

s u i t a b l e  f o r  t h i s  p u rp o se , th e  co m m erc ia lly  a v a i l a b l e  s a n p le s  w ere n o t 

deemed a p p r o p r ia te  f o r  e s t im a t in g  o p e ra to r  and in s tru m e n t v a r i a t i o n  d u rin g  

O'C-'f̂ S a n a l y s i s .  F o r th e  rad io -G IG , th e  r a d io a c t iv e  sam ples w ere c o - in j e c t e d  

w ith  "c o ld "  IAA a s  a  means o f  e s t im a t in g  such e f f e c t s .  In  d e v is in g  a  

s u i t a b l e  system  f o r  th e  MS, s e v e r a l  a l t e r n a t i v e s  w ere c o n s id e re d .

C lo s e ly  s im i la r  m o le c u le s ,  e .g .  3“niethyl-IA A  have been  u se d  ( B e r t i l s s o n  

and Palm e'r, 1 9 7 2 ), b u t s in c e  th e s e  compounds a re  no t i d e n t i c a l  in  

p h y s ic a l  p r o p e r t i e s  t o  IAA, i t  can  be a rg u ed  t h a t  th e y  a re  th u s  n o t 

w h o lly  s u i t a b l e .  In  th e o ry ,  IAA l a b e l l e d  w ith  s t a b l e  is o to p e s  sh o u ld  

p ro v id e  th e  m ost s u i t a b l e  ty p e  o f  s ta n d a rd  f o r  GC-MS m easu rem en ts, s in c e
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t h e s e  compounds sh o u ld  p o s s e s s  i d e n t i c a l  ch ro m a to g rap h ic  p r o p e r t i e s  to

n o n - la b e l le d  IAA. Such ty p e s  o f  d e r iv a t iv e s  have been  p re p a re d  f o r

GC-MS q u a n t i f i c a t i o n  s tu d ie s  o f  s t e r o i d s  by Maume e t  a l .  (1973)* They

s y n th e s is e d  a p e r d e u t e r o - t r i r n e th y l s i l y l  d e r iv a t iv e  o f  e s t r a d i o l  a s  an

i n t e r n a l  s ta n d a r d ,  b u t n o te d  t h a t  p roblem s c o u ld  o ccu r w ith  p ro to n

exchange betw een th e  d e u te r a te d  TIviSi g roup and th e  s i l y l  d e r i v a t i s a t i o n

agen t u se d  on th e  b i o l o g i c a l  m a te r ia l*  T h is  e f f e c t  was found  n o t to

b e  c r i t i c a l  f o r  e s t r a d i o l  i f  a n a ly s i s  was co n d u c ted  w i th in  te n  h o u rs  o f

d e r i v a t i s a t i o n .  F o r IAA GC-MS s tu d ie s ,  when I aA d e u te r a te d  a t  th e  2

p o s i t i o n  o f  th e  s id e  c h a in  was m ixed w ith  b io lo g ic a l  sam p les , exchange

of protons was found to occur (HilliTian, pers. comm. ) , thereby negating
th e  u s e  o f  t h i s  compound a s  an i n t e r n a l  s ta n d a rd .  I t  would a p p e a r ,

13 15t h e r e f o r e ,  t h a t  th e  a p p l i c a t io n  o f C o r N f o r  s t a b l  e - i s o  to p e  l a b e l l i n g  

o f  IAA i s  r e q u i r e d .

In  o rd e r  to  overcome t h i s  d i f f i c u l t y ,  th e  u se  o f  a s ta n d a rd  sam ple 

a d d i t io n  m ethod was made. T h is  system  f o r  m o n ito r in g  sam ple re sp o n se s  

h a s  been  d e s c r ib e d  by E/zing (l9 7 5 )*  I t  c o u ld  be a rg u ed  t h a t  such  a  

m ethod i s  n o t n e c e s s a ry  in  v iew  o f  th e  r e s u l t s  o f  th e  experim en t on th e  

e f f e c t  o f sam ple d ry  w eig h t c o n ta m in a tio n  on GC-MS m easurem ents o f  IAA. 

D e s p ite  t h i s ,  th e  p o s s i b i l i t y  c a n n o t be ex c lu d ed  t h a t  th e  n a tu r e  o f  

th e s e  c o n ta m in a n ts  may be v a r i a b l e .  However, th e  s ta n d a rd -sa m p le  

a d d i t io n  m ethod w i l l  d e te c t  any a l t e r a t i o n  betw een  th e  s lo p e  o f  t h e  

o b se rv ed  s a n p le  re sp o n se  r e l a t i o n s h i p  and th e  c a l i b r a t i o n  c u rv e , s in c e  

th e  added s ta n d a r d  w i l l  a l s o  be a f f e c t e d  by sam ple c o n ta m in a n ts .

From th e  radio-G LG  p r o f i l e s  o f  th e  shoot t i s s u e  e x t r a c t s ,  s e v e r a l

r l 4  1r a d io  c h em ica ls  in  a d d i t io n  to  GJ-IAA w ere p r e s e n t ,  n o tw ith s ta n d in g  

th e  f a c t  t h a t  th e  n a tu re  and  amount o f  th e s e  v a r ie d  from  e x t r a c t  t o  

e x t r a c t .  O bv iously  i f  l i q u i d  s c i n t i l l a t i o n  sp e c tro m e try  had  been  s o l e l y  

-,used„ to  gauge th e  amount o f  re c o v e re d  [ C]-IAA, i t  w ould have been  

in c a p a b le  o f  d is c r im in a t in g  betw een  th e s e  compounds, le a d in g  to  enhanced
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re c o v e ry  v a lu e s  o f  IM  and c o n se q u e n tly  in c o r r e c t  m easurem ents o f  th e  

14"[ G]“"IAA p re s e n t  in  e x t r a c t s .  I t  was a ls o  n o te d  t h a t  th e  re c o v e ry  

r l 4o f  [ Gj-lAA v a r ie d  froiit ex p erim en t to  ex p e rim en t. L i t t l e  a l .

( 1978 ) have r e c e n t ly  r e p o r te d  e r r a t i c  r e c o v e r ie s  o f  [^^G]-IAA from

P ic e a  e x t r a c t s  even when l i q u i d  s c i n t i l l a t i o n  c o u n tin g  was u se d . In

14c o n t r a s t  to  t h i s ,  re c o v e ry  o f  [ G]ABA from  s im i la r  e x t r a c t s  was n o t 

found  to  v a ry  d i 'a m a tic a l ly .  T h e ir  p u r i f i c a t i o n  p ro c e d u re  in v o lv e d  

PVP a d s o r p t io n ,  and p a p e r  and  t h i n - l a y e r  chrom atography  w ith  s e v e r a l  

p r e c a u t io n s  b e in g  ta k e n  to  m in im ise  IAA lo s s e s .  These p r e c a u t io n s  

in v o lv e d  ( 1 ) th e  r o ta r y  e v a p o ra tio n  o f e x t r a c t s  to  p a r t i a l  d ry n e s s ,

( 2 ) r a p id  lo a d in g  and developm ent o f chrom atogram s, and (3 ) s to r a g e  o f 

e x t r a c t s  d u r in g  p u r i f i c a t i o n  a t  -15°G . Thus in  s p i t e  o f  th e s e  p ro -

r 1 4c e d u re s ,  low re c o v e ry  o f  v a lu e s  o f  [ 0]-IAA w ere s t i l l  o b ta in e d .  The 

s u g g e s t io n  t h a t  r o ta r y  e v a p o ra tio n  m igh t be  th e  o r ig in  o f such  e f f e c t s  

h a s  been  p ro p o se d  by Mann and  Ja w o rsk i (1 9 7 0 ). However, when s o lu t io n s  

o f  I M  w ere f i r s t  s u b je c te d  to  t h i s  p ro ced u re  and th e n  a n a ly se d  by HPLG 

no brealcdown o r c o n v e rs io n  o f IM  was n o te d . I t  w ould a p p e a r  th e r e f o r e  

t h a t  th e  cau se  r e s p o n s ib le  f o r  th e  above r e s u l t s  has n o t y e t  been  

d e te c te d .  The im p l ic a t io n  o f  th e  ap p ea ran ce  o f  s e v e r a l  rad iocom pounds 

a s  an a r t e f a c t  i s  m ost d i s tu r b in g .  A la r g e  p ro p o r t io n  o f  th e  r e le v a n t  

l i t e r a t u r e  on IAA. m etabo lism  h as  come from s tu d i e s  where r a d io a c t iv e  I M  

i s  a p p l ie d  to  a p la n t  t i s s u e ,  in c u b a te d ,  e x t r a c te d ,  p u r i f i e d  and th e n  

a n a ly se d  by ch rom atography  f o r  radiocom pounds o th e r  th a n  I M  (M o rris  et^ a l , 

1 9 6 9 ; Lepp and  P e e l ,  1971; D a v ie s , 1972; Minch in  and Haimey, 1 9 74 ). 

B ecause lAii u n d erg o es  d e co m p o sitio n  d u rin g  p u r i f i c a t i o n  and  a s  t h i s

14d e co m p o sitio n  i s  e r r a t i c ,  th e n  th e  common c o n t r o l  o f s im p ly  u s in g  [ C]

- I M  in c u b a te d  w ith o u t p la n t  t i s s u e  f o r  such  m e ta b o lic  s tu d ie s  i s  

m a n i f e s t ly  in a d e q u a te .  I t  i s  th e r e f o r e  im p o rtan t t h a t  t h e  c a u se  o f 

t h i s  d e co m p o sitio n  i s  i d e n t i f i e d .  In  a d d i t io n  t o  t h i s ,  o th e r  m ethods 

u se d  i n  a n a ly s in g  p la n t  e x t r a c t s  f o r  IAA m e ta b o li te s  a r e  c r i t i c a l .
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F o r exam ple, L av lea  (1972) and M inchin and H arney ( l9 7 4 ) u se d  th e  TLG

s o lv e n t  system  ch lo ro fo rm  : g l a c i a l  a c e t i c  a c id  (95 î 5) as  a  m ethod o f

a n a ly s in g  e x t r a c t s  f o r  m e ta b o l i te s  o f  exogenously  a p p l ie d  r a d io a c t iv e

I M ,  b u t B andursk i and S cliu lze ( l9 7 4 ) s t a t e d  l a t e r  t h a t  t h i s  s o lv e n t

system  w i l l  le a d  to  d e s t r u c t io n  o f  IAA d u rin g  TLG and hence r e s u l t  i n

p se u d o -m e ta b o lic  p r o f i l e s . I t  can be  co n c lu d ed  t h a t  i t  i s  n e c e s s a ry

t o  i n v e s t i g a t e  th e  e f f e c t s  o f such  e x p e rim e n ta l m ethods on IAA p r i o r  to

u n d e r ta k in g  lAAi. m e ta b o lic  s tu d i e s .

The GC-MS a n a ly s i s  r e s u l t s  a f t e r  c o r r e c t io n  f o r  [^^0]-IA A  v a lu e s

w ere found  t o  be v a r i a b l e .  The c o n te n t o f  IAA (pg kg  ̂ f r e s h  w t .)  f o r

th e  sh o o t t i s s u e  v a r ie d  ficjri 1 ,7  to  5<>8. These r e s u l t s  a re  low er th a n

th o s e  o f S ch u lze  and B an d u rsk i ( l9 7 ô ) who d e te c te d  18 pg kg  ̂ o f  I M  in

se e d s  o f  P h a se o lu s  v u l g a r i s . However, by u se  o f a f lu o re s c e n c e  m ethod ,

E l ia s s o n  a t  a l ,  (1976) fo u n d  th e  IAA c o n te n t in  P h aseo lu s  s e e d s  to  be 

-12 -  36  pg kg , depending  on th e  tim e  o f  seed  in c u b a t io n .  In  a d d i t io n ,

H illm an  e t  a l .  ( l9 7 7 )  u sed  GC-lvIS p ro c e d u re s  to  d e te c t  a l e v e l  o f  2 0 -  80 

*** "1pg kg o f  IAA in  l a t e r a l  buds o f  v u l g a r i s . I t  i s  obv ious t h a t  in

view  o f  th e  d i f f e r e n t  n a tu r e s  o f th e  t i s s u e ,  no d i r e c t  com parison  i s

p o s s ib le ,  w h i ls t  in  a d d i t io n ,  th e  d i s t r i b u t i o n  o f  t h i s  IAA may v a ry

d r a m a t ic a l ly .  I t  was a p p r o p r ia te  th e r e f o r e  to  d e te rm in e  how t h i s  lAAi

was d i s t r i b u t e d  th ro u g h o u t th e  sh o o t t i s s u e s .

In  th e  d i s t r i b u t i o n  ex p e rim e n ts  in v o lv in g  f o l i a r  t i s s u e ,  a  g r a d ie n t

was n o te d  in  IAa d i s t r i b u t i o n  from  th e  apex . Of th e  t i s s u e s  e x r tra c te d

th e  apex  was found  to  c o n ta in  th e  m ost I M , In  a d d i t io n ,  c o n s id e ra b ly

more IAA was d e te c te d  in  th e  o ld e r  t r i f o l i a t e  le a v e s  when com pared

th e  y o u n g er, w ith  th e  lo w est l e v e l s  o f  IAA b e in g  found  i n  th e  p r im a ry

le a v e s ,  S w e e tse r and S w a rtz fa g e r  (1978) have sum m arised th e  r e s u l t s

o f  p re v io u s  in v e s t i g a t io n s  on IAA d i s t r i b u t i o n  in  P h a se o lu s  v u lg a r i s  as

gauged  by b io a s s a y .  These r e s u l t s  in d ic a te d  t h a t  th e  shoo t t i p s

“ 1c o n ta in  7 "  12 pg kg f r e s h  v /e ight o f t i s s u e ,  th e  m a tu re  t r i f o l i a t e s
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a p p ro x im a te ly  3 P-g kg and th e  pzdm ary le a v e s  9 - 1 3  Pg kg . They d id ,  

how ever, em phasise  t h a t  th e s e  d a ta  w ere sum m arised from  s e v e r a l  l i t e r a t u r e  

s o u rc e s  and hence th e s e  v a lu e s  can n o t be r e a d i ly  com pared. N e v e r th e le s s ,  

th e y  r e p e a te d  th e s e  ty p e s  o f m easurem ents u s in g  a HPLG m ethod and t h e i r  

r e s u l t s  a ie  sum m arised in  T ab le  6 1 «

T ab le  61 ; L ev e ls  o f  I  All in  P h aseo lu s  v u lg a r i s  ( d a ta  from  
S w e e tse r and S w a r ts fa g e r ,  1978)

P la n t  p a r t  lAA pg kg  ̂ ( f r e s h  w t.)

s e e d s  -  im m ature 200 -  33&

t r i f o l i a t e s  ( o ld e r )  4 - 3

t r i f o l i a t e s  (y o u n g er) 14 -  16

stem  (lo w e r)  22 -  3&

stem  (u p p e r)  30 -  34-

T hus, a l th o u g h  th e y  d id  d e te c t  more lAA in  th e  a p ic a l  r e g io n  o f 

P h a se o lu s  v u lg a r i s  th a n  i n  th e  rem a in in g  t i s s u e ,  th e  r e s u l t s  o f  th e  o ld e r  

and  younger t r i f o l i a t e  l e a f  c o n te n ts  a re  in  d i r e c t  c o n t r a s t  to  th e  l e a f  

d i s t r i b u t i o n  r e s u l t s  i n  t h i s  t h e s i s .  In  f a c t ,  th e s e  r e s u l t s  o f  iSw eetser 

and S w a r ts fa g e r  s u g g e s t t h a t  th e  l e v e l  o f I/iA in  l e a f  t i s s u e  d e c re a s e s  

w ith  age ( c f .  th e  l e a f  d i s t r i b u t i o n  e x p e r im e n ts ) . In  c o n t r a s t ,  W heeler

( 1 968 ) h a s  shown by  p a p e r  ch rom atography  and w heat c o l e o p t i l e  b io a s s a y  

te c h n iq u e s  t h a t  th e  amount o f  lAA (a u x in )  in c re a s e s  w ith  age in  p rim ary  

le a v e s  o f v u lg a r i s  t o  a  maximum o f 332 pg kg \  W heeler ( 1986 ) ,  

u s in g  an i d e n t i c a l  te c lm iq u e  was a ls o  a b le  to  d em o n stra te  t h a t  th e r e  was 

a c o r r e l a t i o n  betw een  th e  l e v e l s  o f  " f r e e " and "bound" "LAA" in  p rim ary  

l e a f  t i s s u e  o f  ^  v u l g a r i s . N e v e r th e le s s ,  i t  i s  d i f f i c u l t  to  draw any 

d i r e c t  com parison  betw een  su ch  ty p e s  o f  d a ta ,  p a r t i c u l a r l y  i n  view  o f  

v a r i a t i o n  in  th e  p h y s io lo g ic a l  ages betw een th e  p l a n t s  u se d  i n  th e s e  

i n v e s t i g a t i o n s ,  and th e  la c k  o f  s p e c i f i c i t y  o f  th e  a n a l y t i c a l  te c h n iq u e  

u sed  by th e s e  i n v e s t i g a t o r s .
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The ajnounts o f  1AJ‘. d e te c te d  in  th e  e p ic a l  t i s s u e  in  b o th  th e  l e a f
«1

and stem  d i s t r i b u t i o n  ex p e rim en ts  were found  to  ran g e  from  7 to  62 pg kg 

f r e s h  w e ig h t , V'ihite e ^  a l»  ( l9 7 3 )  u s in g  a s im i la r  te c h n iq u e ,  found  th e  

amount o f lAA in  th e  same t i s s u e  to  be 2.4  to  29 .0  pg kg  ̂ f r e s h  w e ig h t. 

Thus i t  w ould appeal- t h a t  th e  l e v e l  o f  JAIi in  th e  a p ic a l  t i s s u e  o f  P . 

v u lg a r i s  c b x i  v a ry  d r a m a t ic a l ly .

In  c o n t r a s t  to  th e  l e a f  d i s t r i b u t i o n  e x p e rim e n ts , no d i s t i n c t  p a t t e r n  

o f  lAA d i s t r i b u t i o n  was r e v e a le d  i n  th e  com plete  s h o o t.  In  two 

ex p e rim en ts  th e  l a r g e s t  c o n c e n t r a t io n  o f lAA was d e te c te d  in  th e  ap ex ; 

i n  th e  o th e r  e x p e r im e n t, how ever, th e  upperm ost in te m o d e  re g io n  was 

found  to  have th e  g r e a t e s t  amount o f  lAA, On th e  b a s i s  o f d ry  w e ig h t 

c o n te n t ,  th e  low erm ost in te rn o d e  was c o n s i s t e n t ly  seen  to  have th e  

l a r g e s t  amount o f  lAii. T h is  o b s e rv a t io n  i s  i n  agreem ent w ith  t h a t  o f  

Pegg and Selman ( l9 5 9 )  who a s sa y e d  th e  amount o f lAA in  sh o o ts  o f  tom ato  

p l a n t s  by b io a s s a y ,  a lth o u g h  no in d i c a t io n  was g iv e n  o f lAA. r e c o v e ry  

r a t e s .  Sweet s e r  and Sward z fa g  e r  (1978) have in d ic a te d  t h a t  more IilA. 

i s  p r e s e n t  in  th e  u p p er stem  p o r t io n s  o f  ^  v u lg a r i s  b u t no p r e c i s e  

m easurem ents o f  lAA were made in  s p e c i f i c  in te r n o d a l  r e g io n s ,  S c o tt  

and  B rig g s  ( l9 6 0 )h a v e  m easured  th e  amount o f a u x in  in  s p e c i f i c  in te r n o d a l  

r e g io n s  o f  Pisum s a tiv u m , by  e x t r a c t in g  stem  p o r t io n s  in t o  e t h e r .  These 

e t h e r  e x t r a c t s  w ere th e n  ta k e n  up in  a g a r ,  and th e  amount o f  a u x in  p r e s e n t  

d e te rm in e d  by  Avena c o l e o p t i l e  c u r v a tu r e .  In  a d d i t io n ,  th e y  a l s o  

c o l l e c t e d  a u x in  from  th e s e  in te rn o d e s  by d i f f u s io n  in to  a g a r .  The 

a u x in  y i e l d  in  d i f f u s a t e  e x t r a c t s  was observ ed  to  d e c l in e  r a p id ly  i n  

th e  in te rn o d e  re g io n s  below  th e  ap ex . A lthough th e  y ie ld s  by e x t r a c t i o n  

a l s o  f e l l ,  th e  l e v e l  in  th e  f i r s t  two in te rn o d e s  re n a in e d  s im i l a r  to  t h a t  

o f  th e  apex . In d e e d , a f t e r  th e  t h i r d  in te rn o d e ,  th e  l e v e l  o f  a u x in  f e l l  

u n t i l  a t  th e  1 owe m o s t  in te rn o d e  on ly  one t h i r d  o f th e  au x in  a t  th e  apex  

was p r e s e n t .  The r e s u l t s  o f  th e  stem  d i s t r i b u t i o n  exp erim en t d id  no t 

r e v e a l  any s im i l a r  p a t t e r n .
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These r e s u l t s  o f  S c o tt  and B rig g s  a re  n o t a c c u ra te  m easurem ents o f  

lAA s in c e  t h e i r  m ethod o f  a n a ly s i s  in v o lv e d  th e  a p p l i c a t io n  o f  r e l a t i v e l y  

c ru d e  e x t r a c t s  to  a r e l a t i v e l y  n o n - s p e c i f ic  m ethod o f  d e t e c t io n .  In  

p a r t i c u l a i y  no e x te n s iv e  p u r i f i c a t i o n  o f th e  e x t r a c t  was u n d e r ta k e n , 

th u s  th e  r e s u l t a n t  c u r v a tu r e  o f th e  Avena c o l e o p t i l e s  can n o t he 

a t t r i b u t e d  s o l e l y  to  ÏAA s in c e  many o th e r  compounds p r e s e n t  i n  p la n t  

e x t r a c t s  a re  known t o  e x e r t  s i m i l a r  b io a s s a y  re s p o n se s  (Thim ann, 1972; 

Marumo e ^  a l ,  , 1968a; De Yoe and Z a e r r ,  1976b). N e v e r th e le s s ,  S c o tt  

and  B rig g s  d id  r e l a t e  th e s e  au x in  l e v e l s  to  th e  r e l a t i v e  g row th  o f  each  

in te r n o d e .  They found  t h a t  th e  topm ost in te rn o d e  a c c o u n te d  f o r  85% 

o f  th e  t o t a l  stem  g ro w th , w ith  rem a in in g  stem  grow th  o c c u r r in g  i n  th e  

second  in te r n o d e .  Thus no d i r e c t  c o r r e l a t i o n  was found  be tw een  th e  

a u x in  l e v e l  and  th e  amount o f  stem  g ro w th . W hite ( l9 7 5 )  in v e s t ig a t e d  

th e  p a t t e r n  o f  stem  g row th  in  v u lg a r i s  and d em o n stra te d  t h a t  when 

th e  seco n d  t r i f o l i a t e  i s  s t a r t i n g  to  expand ( th e  s ta g e  a t  w hich th e  

p l a n t s  in  t h i s  t h e s i s  w ere h a rv e s te d )  th e  maximum amount o f stem  grow th  

o c c u rre d  in  th e  in te r n o d a l  re g io n s  betw een th e  f i r s t  t r i f o l i a t e  l e a f  

and th e  p r im a ry  l e a f ,  and th e  p rim ary  l e a f  and th e  c o ty le d o n . I t  i s  

a p p a re n t t h a t  th e  l e v e l s  o f lAii gauged in  th e  s te n  t i s s u e  do n o t 

c o r r e l a t e  d i r e c t l y  w ith  t h i s  g ro w th .

F a i lu r e  to  c o r r e l a t e  lAA l e v e l s  w ith  g row th  o f  th e  t i s s u e  c o n ce rn ed  

h as  l e d  to  th e  h y p o th e s is  t h a t  th e  tu rn o v e r  r a t e  o f t h e  lAA p o o l in  

t i s s u e  may be th e  d e te rm in in g  f a c t o r  in  g row th  r e p a t io n s h ip s .  To 

gauge th e  m e ta b o lic  r a t e  o f a compound, r a d io a c t iv e  p r e c u r s o r s  o r  th e  

compound i t s e l f  a re  o f te n  a p p l ie d  to  p la n t  t i s s u e  and th e  ch anges in  

t h e i r  c o n c e n tr a t io n  and n a tu r e  d e te rm in e d  w ith  tim e  (D en n is , 1977)*

In  r e s p e c t  o f  t h i s ,  D ennis h a s  l i s t e d  th e  p r e c a u t io n s  and assu m p tio n s  

in v o lv e d  in  th e s e  ty p e s  o f  s t u d i e s ,  nam ely (l ) t h a t  th e  compound a p p l ie d  

sh o u ld  o ccu r n a t u r a l l y  in  th e  t i s s u e ,  (z )  th e  amount o f  exogenous 

compound sh o u ld  n o t ex ceed  th e  endogenous l e v e l  i f  o v e r lo a d in g  e f f e c t s
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a r e  n o t to  o c c u r , and ( 3 ) th e  compound fe d  sh o u ld  re a c h  th e  n onnal s i t e  

o f  m e tab o lism , i n  a l t e r n a t i v e  m ethod may l i e  i n  th e  u se  o f  s p e c i f i c  

i n h i b i t o r s  o f IkJv m e tab o lism , w hereby one s ta g e  o f  th e  b io s y n th e t ic  

o r  m e ta b o lic  rou tes o f IAÀ i s  b locked  th e re b y  le a d in g  to  a l t e r a t i o n s  in  

th e  r a t e  o f liiA m e tab o lism , and hence r e v e a l  any d ev e lo p m en ta l phenomena 

c o n t r o l le d  by such a p r o c e s s .

The r o le  o f  I.AA in  a p i c a l  dominance had been rev iew ed  by P h i l l i p s

( 1 969 ) .  I t  has b een  d e m o n stra te d  t h a t  th e  young, grow ing le a v e s  

r a t h e r  th a n  th e  apex  e x e r t s  th e  m ain in l i ib i t io n  on l a t e r a l  bud grow th  

i n  P h a se o lu s  ( A h ite , 1973)» In  a d d i t io n  to  t h i s ,  lAA i s  Icnown to  

i n h i b i t  th e  g row th  o f  l a t e r a l  buds a f t e r  r e le a s e  from a p i c a l  dominance 

( P h i l l i p s ,  1969 ) .  I f  lAA c o n c e n tr a t io n  in  th e  f o l i a r  t i s s u e  o f  th e  

a p ic a l  re g io n  i s  a c o n t r o l l i n g  f a c t o r  in  t h i s  p ro c e s s ,  th e n  th e  l e v e l  

o f  lAA in  t h i s  r e g io n  m igh t be e x p ec ted  to  be  h ig h  w ith  r e s p e c t  to  th e  

r e s t  o f  th e  stam  and l e a f  t i s s u e .  The r e s u l t s  o f  th e  l e a f  d i s t r i b u t i o n  

e x p e rim e n ts  r e v e a l  c o n s id e ra b ly  more lAA in  th e  apex th a n  th e  young 

t r i f o l i a t e  le a v e s  w hich had  j u s t  commenced ex p an sio n . A lso , th e  l e v e l  

o f  IM  was h ig h e r  in  o ld e r  t r i f o l i a t e s  when com pared to  young t r i f o l i a t e s .  

These r e s u l t s  a g a in  f a i l  to  r e v e a l  any c o r r e l a t i o n  betw een lAA le v e l s  

and grow th  c o n t r o l .  In  f a c t ,  th e  o n ly  c o r r e l a t i o n  betw een  lAA and 

grow th  v/c-s t h a t  o f  th e  f o l i a r  t i s s u e ,  where th e  lAii was found  t o  be 

h ig h e s t  in  o ld e r  le a v e s  when com pared to  young le a v e s ,  ex cep t in  th e  

p rim a ry  le a v e s  which w ere s t a r t i n g  to  undergo se n e sc e n c e , w here th e  lAA 

le v e l  was lo w e s t .

A lthough  th e  sh o o t t i p s  c o n ta in  th e  h ig h e s t  l e v e l  o f lAA when 

com pared to  l e a f  t i s s u e ,  th e y  d id  n o t c o n s i s t e n t ly  have m ore lAA th a n  

th e  rem a in d e r o f  t h e  stem  t i s s u e .  T h is  v a r i a t i o n  c o u ld  in  p a id  be  due 

to  a c t iv e  t r a n s p o r t  o f  th e  lAA th ro u g h o u t th e  s h o o t ,  s in c e  xylem and 

phloem e x u d a te s  a re  known to  c o n ta in  lAA (H a ll and Medlow, 1 9 7 4 ), and 

th e  sh o p t t i p s  a r e  c a p a b le  o f  s y n th e s is ip g  UiA from  p re c u r s o r s  (Erdmann
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and b ch iew e r, 1971; B lack  and H am ilto n , 1971-)® B a c t e r i a l  c o n ta m in a tio n  

or  th e  p l a n t s  m ig lii, how ever, c o n t r ib u te  to  th e  am ounts o f liiA d e te c te d ,  

L ib b e r t  a l ,  ( l 966) have d em o n stra ted  th e  im p o rtan ce  o f b a c t e r i a  in  

th e  n o n n a l p ro d u c tio n  o f a u x in  in  P h a se o lu s  v u lg a r i s  p l a n t s ,  a l th o u g h  

some au x in  was p ro d u ced  by  s t e r i l e  p l a n t s .  Thus th e  a c tu a l  amount o f  

lAA in  th e  shoo t may w e ll  v a ry  from one group o f  p l a n t s  to  a n o th e r .

I n  a d d i t io n  to  d i f f e r e n c e s  in  lAA l e v e l s  betw een p l a n t s ,  d a i l y  changes 

in  lAA l e v e l s  in  ro o t  e x u d a te s  o f  C it ru s  has been d e m o n s tra te d  by  

B ausher (1 9 7 7 ). On th e  b a s i s  o f  t h i s  e x p e rim e n t, B ausher su g g e s te d  

t h a t  in  a n a ly s in g  p la n t  hormone l e v e l s ,  t h e  tim e  o f h a r v e s t in g  may b e  

im p o r ta n t .  A lthough e v e ry  e f f o r t  was made to  h a rv e s t  th e  p la n t s  u se d  

in  t h i s  t h e s i s  a t  th e  same d a i ly  t im e , such  e f f e c t s  o b se rv ed  by B au sh er 

may o b v io u s ly  have o c c u rre d .

A lthough  many s tu d ie s  in v o lv in g  th e  m easurem ent o f  endogenous 

hormone l e v e l s  have been  u n d e r ta k e n , a l a r g e  p a r t  o f th e  a v a i l a b l e  

ev id en ce  i s  o f te n  open to  m o d if ic a t io n  in  th e  l i g h t  o f  new a n a l y t i c a l  

te c h n iq u e s .  The u se  o f  th e s e  te c h n iq u e s  may p ro v id e  p r e c i s e  m easu re­

m ents o f UiÂ w hich a re  th e m se lv e s  r e l a t e d  p r im a r i ly  to  th e  e x t r a c t i o n  o f  

th e  compound, b u t l i t t l e  e v id e n c e  i s  a v a i la b le  on th e  p r e c i s io n  o f  th e  

e x t r a c t io n  m ethod w hich m ight in  th e  end f a i l  t o  j u s t i f y  th e  u se  o f 

s o p h i s t i c a te d  and  ex p en siv e  a n a l y t i c a l  in s tru m e n ts .  I t  i s  th e r e f o r e  

im p o rta n t t h a t  c lo s e  a t t e n t i o n  i s  made to  th e  i n t r a c e l l u l a r  l o c a t io n  o f  

lAA, and in  so d o in g , d e te rm in e  a means of gauging  e x t r a c t io n  e f f i c i e n c y .

The e x p e rim e n ts  co n d u c ted  in  t h i s  th e s i s  have by  n e c e s s i ty  r e l i e d  on 

a l a r g e  sam ple number f o r  each  e x t r a c t i o n ;  t h i s  i s  b o th  la b o u r  and  tim e  

consum ing. I f ,  how ever, an a n a l y t i c a l  te c h n iq u e  can  b e  d e v ise d  f o r  

th e  a s s a y in g  o f lAA in  s in g le  p l a n t s ,  th e n  much o f th e s e  d i f f i c u l t i e s  

w i l l  be rem oved, A s im i la r  argum ent can  be p ro p o sed  f o r  th e  developm ent 

o f  more e f f i c i e n t  " c le a n -u p " sy stem s f o r  th e  e x t r a c t s .  I d e a l l y ,  th e  

e x t r a c t io n  and p u r i f i c a t i o n  sh o u ld  be  s im p l i f i e d  to  one s ta g e  p r i o r  to
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th e  a c tu a l  i d e n t i f i c a t i o n  and m easurem ent. M oreover, lAA d e te rm in a tio n s  

in  t i s s u e  w i l l  e v e n tu a l ly  have to  be co u p led  to  s p e c i f i c  c e l l s  and 

c e l l u l a r  com ponents i f  a p r o f i l e  o f lAA. and r e l a t e d  compounds in  a  

p la n t  can  be e s ta b l i s h e d .

I n  c o n c lu s io n , a lth o u g h  d e te rm in a tio n s  o f  lAA l e v e l s  in  p l a n t s  can  

be  a c h ie v e d  w ith  v a ry in g  d e g re e s  o f  p r e c i s io n  and a c c u ra c y , depend ing  on 

th e  system  u s e d , f u r t h e r  s tu d ie s  a r e  n e c e s s a ry  b e fo re  a com ple te  c o r r e l ­

a t io n  betw een  lAA and grow th  phenomena can  be e s t a b l i s h e d .  These 

i n v e s t i g a t io n s  w i l l  by  n e c e s s i t y  in c lu d e  i d e n t i f i c a t i o n  o f th e  co m p le te  

p a t t e r n  o f  th e  b io s y n th e s i s  and  m etab o lism  o f lAA, th e  r e g u la t io n  and 

r a t e  o f th e s e  p r o c e s s e s ,  th e  r e l a t i o n s h i p  o f  lAA. m e tab o lism  to  th e  

g e n e r a l  po o l o f  n u t r i e n t  su p p ly , and th e  l o c a l i s a t i o n  o f  lAA w ith in  c e l l s .
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