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ABSTRACT

The enzymatic breakdown o f in d o le a c e tic  ac id  in  th e  presence o f  

aqueous pea ro o t e x tra c ts  co n ta in in g  an ”in d o le a c e tic  ac id -o x id ase” 

system was s tu d ie d . A method based on the  “Salkowski” colour 

re a c tio n  was used fo r  th e  e s tim a tio n  o f  re s id u a l  in d o le a c e tic  a c id .

A comparison was made between th e  " in d o le a c e tic  ac id -ox idase" 

a c t iv i ty  o f e x tra c ts  made from th e  ro o ts  o f p la n t thrown in  w ater and 

th e  a c t iv i ty  o f e x tra c ts  made from th e  ro o ts  o f p la n ts  grown in  a 

so lu tio n  o f in d o le a c e tic  a c id . I t  was found th a t  th e  a c t iv i ty  o f the  

e x tra c ts  from the  " in d o le a c e tic  acid-grown" ro o ts  was h igher than  

th a t  o f the  e x tra c ts  from the  "water-grown" ro o ts .  Thus the  "maximum 

r a te  a tta in e d  in  the  rea c tio n "  was g re a te r , and th e  " len g th  o f the  lag  

period" s h o r te r , when e x tra c ts  o f  th e  " in d o le ac e tic  acid-grown" ro o ts  

were used . F u rth e r, the  r e la t io n s h ip  between th e  len g th  o f th e  lag  

period  and the  maximum r a te  a t ta in e d  appeared to  be s l ig h t ly  d i f f e r e n t  

fo r  re a c tio n  m ixtures con ta in ing  th e  two types o f e x tr a c t .

The in h ib i to ry  a c t iv i ty  o f so lu tio n s  prepared from th e  "w ater-

grown" ro o t e x tra c ts  and th e  " in d o le a c e tic  acid-grown" ro o t e x tra c ts

hy i .  b o i lin g , i i .  s e i tz  f i l t r a t i o n ,  o r  i i i .  u l t r a f i l t r a t i o n ,  was

determ ined. The in h ib i to r  so lu tio n s  prepared from th e  " in d o le a c e tic

acid-grown" ro o t e x tra c ts  were always found to  be le s s  a c tiv e  than

th e  corresponding in h ib i to r  so lu tio n s  prepared from th e  "water-grown"

ro o t e x tr a c ts .  I t  was thought th a t  th i s  d iffe re n c e  in  in h ib i to r

le v e l  may have accounted fo r  th e  d i f f e r e n t  le v e l  o f  "enzyme a c t iv i ty "

dem onstrated f o r  the  e x tra c ts  o f th e  "water-grown" and " in d o le ac e tic  

acid-grown" ro o ts .
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The s ig n if ic a n c e  o f  th e  enhanced " in d o le a c e tic  ac id -ox idase"  

a c t iv i t y  o f " in d o le a c e tic  acid-grown" ro o t e x tr a c ts  was d iscussed  

in  r e la t io n  to  th e  hypo thesis o f adap tive  enzyme fo rm ation . I t  

was concluded th a t  th e  enzyme was no t formed a d a p tiv e ly  in  th e  pea 

ro o t t is s u e s  in  response to  th e  a p p lied  in d o le a c e tic » a c id .
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C hapter 1 . INTRODUCTION.

The su b je c t  o f  t h i s  in v e s t ig a t io n  was th e  in a c t iv a t io n  o f  th e  

p la n t  growth hormone in d o le a c e t ic  a c id  by th e  enzyme " in d o le a c e t ic  

a c id -o x id a se "  p re se n t in  th e  ro o ts  o f  Pisum sativum  L. The s t a r t i n g  

p o in t  f o r  th e  work was an id e a  p u t forw ard by Gals to n  and Dalbeig (1954) # 

I t  was suggested  t h a t  th e  " in d o le a c e t ic  a c id -o x id a se "  enzyme found in  

h ig h e r  p la n ts  was an "ad ap tiv e  enzyme" o f  th e  type which has been shown 

to  occur in  m icroorganism s. The im p lic a tio n s  o f  th e  term  "ad ap tiv e  

enzyme" were d iscu ssed  by Spiegelm an (1950) # I t  has been a p p lie d  to  

c e r t a in  enzymes produced by b a c te r ia  and y e a s ts  which were shown to  a r i s e  

on ly  when th e  s u b s tra te s  f o r  which th ey  were s p e c i f ic  were p re se n t in  

th e  c u l tu r e  m edia. In  some c ase s  -  f o r  example t h a t  o f  a galactozym ase 

enzyme o f  y e a s t  -  i t  was dem onstra ted  th a t  th e  appearance o f  enzyme 

a c t i v i t y  was accompanied by th e  fo rm atio n  o f th e  a c tu a l  p ro te in  (apo -  

enzyme) component o f  th e  enzyme. Thus G alston  and D alberg though t t h a t

i t  was p o ss ib le  t h a t  th e  in d o le a c e t ic  a c id  d e s tro y in g  enzyme m ight be 

formed in  p la n t  t i s s u e s  on ly  in  response  to  th e  p resence  th e re  o f  endo­

genous in d o le a c e tic  a c id .  They re p o r te d  t h a t  tre a tm e n t o f pea t i s s u e s  

w ith  a  s o lu t io n  o f  s y n th e tic  in d o le a c e t ic  a c id  caused an enhancement o f  

th e  " in d o le a c e t ic  a c id -o x id a se "  a c t i v i t i e s  o f  e x tr a c ts  made from them.

The p re s e n t  work re p re se n te d  an a ttem p t to  s u b s ta n t ia te  t h i s  f in d in g  

u sin g  pea r o o ts .
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H ls to T ic a l survey o f work on th e  b iochem ig try  o f  " In d o le a c e tic  acld_-oxida3e".

In  1940 Larsen dem onstra ted  th a t  th e  ju ic e  o f e p ic o ty ls  o f  e t io la t e d  

se e d lin g s  o f  Phaseolus m u lt i f lo ru s  con ta ined  a  h e a t - la b i le  substance  

which cou ld  b rin g  about th e  in a c t iv a t io n  o f  in d o le a c e t ic  a c id .  Tang 

and Bonner (1947) made a  d e ta i le d  study  o f  an enzyme system  p re s e n t in  

an aqueous e x tr a c t  from e t io l a t e d  pea e p ic o ty ls ,  and fo llow ed  th e  

d isap p ea ran ce  o f in d o le a c e t ic  a c id  u sin g  b o th  a  b io assa y  tech n iq u e  -  

th e  Went Avena c o le o p ti le  c u rv a tu re  t e s t ,  and a ls o  a  c o lo r im e tr ic  method 

based  on th e  Salkowski r e a c t io n .  They dem onstrated  c o n c lu s iv e ly  th a t  

an o x id a tio n  was involved in  th e  r e a c t io n .  Manometric experim ents 

showed t h a t  approxim ately  1 mole o f  oxygen was consumed and 1 mole o f  

carbon d io x id e  was l ib e r a te d  f o r  each mole o f  in d o le a c e t ic  a c id  d e s tro y e d .

The r e a c t io n  was p revented  when th e  Warburg f la s k s  were e i t h e r  evacuated  

o r  f i l l e d  w ith  argon! The enzyme was c a l le d  th e r e fo re ,  " in d o le a c e t ic  

a c id -o x id a se " . The pH optimum la y  in  the  re g io n  o f  6 .2  to  6 .7  in  

p h o s p h n te -c itra te  b u f f e r .  I n h ib i t io n  o f  a c t i v i t y  by low c o n c e n tra tio n s  

o f  po tassium  cyanide in d ic a te d  th e  p resence  o f  a  heavy m e ta l, w h ile  

l ig h t - r e v e r s ib le  carbon monoxide in h ib i t io n  suggested  t h a t  t h i s  metal 

was i ro n  r a th e r  than  copper. In  a  second p a p e r, (Tang and Bonner, 1948), 

th e  e x is te n c e  o f an endogenous in h ib i to r  o f  th e  in d o le a c e t ic  a c id  d e s trq y in g  

a c t i v i t y  was re p o r te d . F i r s t  i t  had been d isco v ered  th a t  th e  a c t i v i t y  

o f an aqueous e x tr a c t  o f  e t io l a t e d  pea e p ic o ty ls  was in c re a sed  by about 

20 p e r  c e n t by acetone p r e c ip i t a t i o n .  L a te r  i t  was shown a ls o  th a t  

b o ile d  aqueous e x tr a c ts  from th e  same t i s s u e s  co n ta in ed  a therm ostab le  

su b s ta n c e /
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substance  which in h ib i te d  th e  a c t i v i t y  o f  th e  a c e to n e -p re c ip i ta te d  

enzyme e x t r a c t s .  When th e  r e s u l t s  o f  one experim ent were p lo t te d  in  

th e  manner suggested by Lineweaver and Burk (1934), th e  in h ib i t io n  was 

found to  be n o n -co m p e titiv e ,

Wagenknecht and B u rr is  (1950) s tu d ie d  " in d o le a c e tic  a c id -o x id a se "  

p re p a ra tio n s  from yellow  wax bean ro o ts  and e t i o l a t e d  pea e p ic o ty ls .

T heir pH optim a and resp o n ses to  heavy m etal i rh ib ito rs  such a s  cyanide 

were aS d esc rib ed  by Tang and^onner (1947). However th e se  a u th o rs  were 

n o t a b le  to  o b ta in  any in h ib i t io n  wt t h  carbon monoxide and were o f  th e  

o p in io n  th a t  th e  carbon monoxide in h M tio n  re p o r te d  by Tang and Bonner 

(1947) was probably  due m erely  to  th e  low er oxygen c o n te n t o f  th e  gas 

m ix tu re s . On th e  b a s is  o f  in h ib i t io n s  o b ta in ed  u sin g  sodium d ie th y l -  

d ith io c a rb a m a te , potassium  e th y l  x a n th a te  and th io u re a , th ^ c o n c lu d e d  

t h a t  th e  heavy m etal component o f  th e  enzyme was copper and n o t i r o n .

The a c t i v i t y  o f th e  e x tr a c ts  from bo th  sou rces was s tim u la te d  by low 

c o n c e n tra tio n s  o f manganese (Mn^^ io n ) .  Furtherm ore , w hereas each 

e x t r a c t  was found to  lo s e  about one th i r d  o f  i t s  a c t i v i t y  on d i a l y s i s ,  

t h i s  could  be re s to re d  to  i t s  o r ig in a l  le v e l  by th e  a d d it io n  o f MnCl^*

One o f  th e  e a r l i e s t  schemes f o r  th e  mechanism o f th e  erzym atic 

breakdown o f in d o le a c e tic  a c id  was th a to f  G a lsto n  e t  a l .  (G a ls to n , 

Bonner and Baker, 1950, 1953), who p o s tu la te d  a coupled system  in v o lv in g  

p e ro x id ase  and a  hydrogen perox ide  -  producing  f la v o p ro te in  enzyme.

As shown in  th e  diagram below , a  d i r e c t  p e ro x id a tio n  o f in d o le a c e t ic  a c id  

was though t to  tak e  p la c e , which r e s u l te d  in  th e  fo rm ation  o f  "oxidised* 

in d o le a c e t ic /
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in d o le a c e t ic  ac id "  and w a te r . The method o f  re g e n e ra tio n  o f  th e  reduced 

f la v o p ro te in  -  on which th e  con tinued  p ro d u c tio n  o f  hydrogen perox ide  

would depend -  was unknown, though i t  was suggested  th a t  in d o le a c e tic  

a c id  i t s e l f  m ight a c t  a s  th e  reducing  a g e n t.

Hy2iothetical_3£h(gn[ie fo £  ih e  en5y ^ t i c _ o x id a i i 2.n_of in d o le a c e t ic ^ a c ig . 

iA£t§r_Gâlâta.n̂  Bpimar_and_3aker_(l953i J jl

Reduced O xidised « P erox idase
F la v o p ro te in  2 F la v o p ro te in  2 2 and lAA

Unknown 
reducing  agen t —  

(IM )
?

O xidised lAA

( lAA = in d o le a c e tic  a c id ) .
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The id e a  th a t  a  f la v o p ro te in  enzyme m ight be invo lved  o r ig in a te d  

from th e  o b se rv a tio n  made by G alston  and Baker (1949) t h a t  th e  o x id a tio n  

o f  in d o le a c e t ic  a c id  by an aqueous e x t r a c t  o f  e t io la t e d  pea e p ic o ty l  

t i s s u e s  was l ig h t  s t im u la te d , and th a t  th e  a c t io n  spectrum  f o r  t h i s  

l i g h t  s t im u la tio n  corresponded w ith  th e  a b so rp tio n  spectrum  f o r  r ib o ­

f l a v i n ,  L a te r i t  was a lle g e d  by G alston , Bonner and Baker (1950, 1953) 

t h a t  t h i s  same in d o le a c e t ic  a c id  o x id is in g  system  had been se p a ra te d  in to  

th re e  components -  p e ro x id a se , f la v o p ro te in  enzyme (apoenzyme) and r ib o ­

f l a v in .  Each was found to  be l a r g e ly  devoid o f  " in d o le a c e t ic  a c id  -  

o x id ase"  a c t iv i t y ,  b u t when th e  th re e  were recom bined, th e  o r ig in a l  

a c t i v i t y  was again  o b ta in e d . The a c t i v i t y  o f th e  crude e x t r a c t  was 

in l i ib i te d  by c a ta la s e  -  though th e  in h ib i t io n  could  be p a r t i a l l y  rev e rsed  

by l i g h t .  I t  was s tim u la te d  by sm all q u a n t i t ie s  o f  hydrogen perox ide  -  

b u t o n ly  in  darkness -  when i t  was presumed t h a t  hydrogen perox ide  was 

l im i t in g .  In  support o f  th e  p ro p o s it io n  t h a t  th e  h e a v y -^ e ta l c o n ta in in g  

enzyme p re se n t in  th e  system  was p e ro x id a se , G a lsto n , Bonner and Baker 

found th a t  h o rse ra d ish  ro o t  p e rox idase  could  b r in g  about th e  o x id a tio n  

o f in d o le a c e t ic  a c id  in  th e  p resence  o f  added hydrogen p e ro x id e . As 

f i n a l  "confirm ation" o f  t h e i r  scheme, G a ls to n , Bonner and Baker demon­

s t r a t e d  t h a t  an a r t i f i c i a l ly  c o n s t i tu te d  system  co n ta in in g  p e ro x id a se , 

f la v o p ro te in  enzyme and f la v o p ro te in  s u b s tr a te  could  d e s tro y  in d o le a c e tic  

acid*

I4any o f  th e  id eas  fo rm ula ted  by G a lsto n , Bonner and Baker (1950, 

1953) have p e r s i s te d .  The p a r t i c ip a t io n  o f pe rox idase  f o r  example 

h a s /
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has rem ained undoubted. A ll th e  " in d o le a c e tic  a c id -o x id a se "  c o n ta in ­

ing  e x tr a c ts  d e riv ed  from h ig h e r p la n ts  have a lso  p o ssessed  perox idase  

a c t i v i t y .  Im portan t i n d i r e c t  ev idence f o r  a  o e ro x id a tic  r e a c t io n  was 

o b ta in ed  a t  about th e  same tim e by G oldacre, G a lsto n  and W eintraub (1953). 

They d iscovered  t h a t  a  la rg e  number o f  monophenols -  a l l  p o te n t ia l  

pe rox idase  s u b s tra te s  -  caused marked in c re a s e s  in  th e  " in d o le a c e tic  a c id  

-o x id ase"  a c t iv i t y  o f  a  crude pea e p ic o ty l  e x t r a c t .  Of th e  evidence p u t 

forw ard in  support o f  th e  ro le  o f  hydrogen p e ro x id e , a lth o u g h  th e  

enhancement o f  a c t iv i t y  b rought abou t by th e  a d d it io n  o f  hydrogen perox ide  

has appeared to  be a  g e n era l phenomenon, th e  in i i ib i t io n  o f  th e  r e a c t io n  

by c a ta la s e  has s in ce  been shown (Waygood, Oaks and M aclachlan, 1956b) 

to  h^ve been caused by th e  p resence  in  th e  type  o f  c a ta la s e  p re p a ra tio n  

used o f  a  p h o to la b i le ,  d ia ly s a b le  i n h ib i to r  o f  th e  in d o le a c e t ic  a c id  

o x id a tio n . In  a d d it io n  i t  was re p o r te d  (Waygood and M aclachlan, 1956) 

t h a t  c a ta la s e  could  a c tu a l ly  re p la c e  p ero x id ase  in  th e  r e a c t io n  m ix tu re . 

Under th e  c o n d itio n s  u sed , low hydrogen perox ide  c o n c e n tra tio n  and h igh  

c a ta la s e  c o n c e n tra tio n  -  i t  was presumed t h a t  th e  c a ta la s e  was a c tin g  

p e ro x id a t ic a l ly .  A l ig h t - r e v e r s ib le  in h ib i t io n  o f  a crude h o rse ra d ish  

ro o t  e x t r a c t  by Mn^^ (G a ls to n , Bonner and B aker, 1953) -  a lth o u g h  

en igm atic  -  probably  d id  n o t r e s u l t  from a c a t a ly t i c  decom position  o f

hydrogen perox ide  by th e  Mn̂ *** as  o r ig in a l ly  su g g ested .

In  c o n tr a s t ,  no f u r th e r  evidence a t  a l l  has ev er been forthcom ing 

in  su p p o rt o f  th e  id e a  t h a t  hydrogen perox ide  was formed by a  second 

enzyme -  t h a t  i s  by an a e ro b ic  dehydrogenase. L igh t s t im u la tio n  o f 

" in d o le a c e t ic /
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" in d o le a c e tic  a c id -o x id a se "  system s has been re p o r te d  from tim e to  tim e 

b u t th e se  have remained d i f f i c u l t  to  i n t e r p r e t ,  p a r t i c u l a r ly  as 

G oldacre (1954) showed t h a t  a  la rg e  number o f  su b s ta n c es , in c lu d in g  

r ‘b û fla .v in  -  th e  supposed p r o s th e t ic  group o f  th e  h y p o th e tic a l  f la v o ­

p r o te in  enzyme -  a re  capab le  o f  p h o to s e n s i t is in g  a  non-enzym atic 

d e s t r u c t io n  o f  in d o le a c e t ic  a c id .  The experim ent in  which th e  

p ro s th e t ic  group was a p p a re n tly  se p a ra ted  from th e  f la v o p ro te in  

enzyme has never been confirm ed . No s u b s tr a te  f o r  th e  f la v o p ro te in  

enzyme appeared to  be p re s e n t  in  th e  pea e p ic o ty l  e x t r a c t s ,  a lth o u g h  -  

a s  suggested  -  in d o le a c e tic  a c id  i t s e l f  m ight have f i l l e d  t h i s  r o l e .  

F in a l ly  c e r ta in  systems have been d esc rib ed  in  which breakdown occurred  

in  th e  absence o f  hydrogen perox ide  -  u n le s s  i t  was assumed t h a t  in  th e se  

c a se s  th e  peroxide was formed n o t m erely d u r in g , b u t p robab ly  a ls o  

a s  a  r e s u l t  o f . th e  in d o le a c e t ic  a c id  o x id a tio n . In  t h i s  co n n ec tio n  

i t  i s  o f  i n t e r e s t  to  p o in t  o u t t h a t  G a lsto n , Bonner and Baker (1953) 

them selves rep o rte d  th e  rem arkable d isco v ery  t h a t  a  r e l a t i v e ly  pure 

sample o f  h o rse rad ish  ro o t  p e ro x id ase  c o u ld -w ith  no a d d it io n s  -  b eg in  

to  d e s tro y  in d o le a c e tic  a c id  a f t e r  a  s u i ta b le  p e rio d  o f  in c u b a tio n  w ith  

th e  s u b s t r a te .

The in te r p r e ta t io n  o f  th e  r e a c t io n  mechanism p u t forw ard by Kenten

(1955) was based on s i m i l a r i t i e s  which he observed  between an in d o le a c e tic

a c id  o x id is in g  system from waxi^od bean ro o ts  and tîiree  system s in  which 

manganese o x id a tio n  was dem onstra ted . B a s ic a lly  th e se  were c o n s t i tu te d

as fo l lo w s :-
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1 . Mn + H orserad ish  ro o t  e x t r a c t  (c o n ta in in g  pe ro x id ase ) + % drogen 

p e ro x id e . (Kenten and Mann, 1949)#

2 . Mn^^ + Pea e p ic o ty l  e x t r a c t  (c o n ta in in g  p e ro x id ase  and a  hydrogen

nero x id e  -  producing diam ine o x id a se ) . (Kenten and Mann, 1952).
«

3 . l î̂n^  ̂ + C e rta in  d ic a rb o x y lic  a c id s .  (Kenten and Mann, 1953) #

Kenten and I4ann (1949) showed t h a t  th e  o x id a tio n  o f  Mn in  system  1 .

above was dependent on th e  p resen ce  o f  c e r ta in  pero x id ase  s u b s tr a te s  -

which cou ld  be su p p lied  to  an in a c t iv e  sample o f  crude e x t r a c t ,  o r  to

a  p u r i f ie d  h o rse rad ish  p e ro x id ase  p re p a ra tio n  by adding e i t h e r  a  b o ile d

a c t iv e  e x t r a c t ,  o r  th e  monophenol p - c r e s o l .  N ext, (Kenten and Mann,

1950), u s in g  a  p u r i f ie d  h o rse ra d ish  p e ro x id ase  p re p a ra tio n  p lu s

and hydrogen p e rox ide , th ey  dem onstra ted  t h a t  w hereas s e v e ra l  monophenols

were a c t iv e ,  d ipheno ls (w ith  th e  ex cep tio n  o f  r e s o r c in o l ) ,  and tr ip h e n o ls

were in a c t iv e  and were in h ib i to r y .  Hence in  th e  system  g iven  under 2 .

above, i t  was thought (Kenten and Mann, 1952), t h a t  o x id a tio n  was

being  m ediated by n a tu r a l ly  o c c u rrin g  p e ro x id ase  s u b s t r a te s .  Kenten and

Mann (1949), suggested  t h a t  th e  a c tu a l  o x id a tio n  o f Mh a ro se  i n d i r e c t ly

by a  r e a c t io n  between Mn and an in te rm e d ia te  p ro d u ct o f  pheno l o x id a tio n .

When th e  phenols in  q u e s tio n  were incuba ted  w ith  peroxM ase and hydrogen

perox ide  in  th e  absence o f  Mn^^ -  th e  norm al co lou red  p ro d u c ts  o f  phenol
++

o x id a tio n  were produced, w hereas when Mn was p re s e n t ,  th e s e  were n o t 

found. Itw as though t (Kenten and Mann, 1950) t h a t  d u rin g  Mn^^ o x id a tio n , 

th e  monophenols were n o t b e in g  o x id ise d  to  d ip h en o ls  b u t t h a t  some i n t e r ­

m ediate o x id a tio n  p ro d u ct was be ing  reduced back to  th e  monophenol.
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These a u th o rs  showed f u r th e r  (Kenten and Mann, 1953) t h a t ,  in  

c e r t a in  c a s e s , th e  o x id a tio n  o f  Mn in  th e  p resen ce  o f  d ic a rb o x y lic  a c id s  

(system  3# ,^bove) was once a g a in  dependent on th e  p resen ce  o f  a  p e ro x i­

dase  s u b s t r a te .  Thus, f o r  exam ple, Mn was o x id is e d  and o x a lic  a c id  

decomposed in  th e  p re se n c e , b u t n o t in  th e  absence, o f  p - c r e s o l .  . I t  

was though t t h a t  he re  a ls o  th e  p e ro x id a se  s u b s tr a te  was re q u ire d  f o r  th e  

o x id a tio n  o f  Mn^^ e x a c tly  a s  d e sc r ib e d  f o r  th e  p rev io u s  system s.

B esides being  independen t o f  added hydrogen p e ro x id e , th e  r e a c t io n  in  

th e  system s co n ta in in g  d ic a rb o x y lic  a c id s  was alw ays preceded  by a  la g  

p e r io d . Since t h i s  eould  be removed by th e  a d d it io n  o f  hydrogen p e ro x id e , 

K enten and Mann p o s tu la te d  t h a t  th e  o x id ise d  manganese s tim u la te d  

hydrogen perox ide  p ro d u c tio n . W ith o x a la te  f o r  example th ey  presumed 

t h a t  manganous o x a la te  became a u to x id is e d  ex trem ely  s low ly  w ith  th e  

fo rm a tio n  o f  hydrogen pero x id e  and t h a t  once a  sm all amount o f  hydrogen 

p e ro x id e  had been produced, manganic manganese was formed and hence by 

a  method d e sc rib e d  by Launer (1933) more hydrogen p e ro x id e . The e q u a tio n s  

g iv en  by t h i s  l a s t  a u th o r  a re  rep roduced  below .

Mn^^^ + = Mn^^ + CO^

GO2 + Og = O^GO^

OgGOg" + Mn"̂ "̂  + 2H'*' = + CO  ̂ +

Kenten (1955) examined an in d o le a c e t ic  a c id  o x id is in g  system  

c o n ta in in g  waxpod bean r o o t  sa p . This cou ld  be f r a c t io n a te d  by 

u l t r a f i l t r a t i o n  in to  a  th e rm o la b ile  f r a c t io n  w ith  p e ro x id ase  a c t i v i t y  

and a  th e rm o stab le  f r a c t i o n .  In  view o f th e  f a c t  t h a t  th e  "Kenten and 

Mann/
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Mann p e ro x id a se  s u b s t r a te s "  -  t h a t  i s  th o se  compounds a c t iv e  in  th e  

manganese o x id is in g  system s d e sc r ib e d  above -  had a lre a d y  been shown to  

a c t i v à t e  th e  o x id a tio n  o f  in d o le a c e t ic  a c id  by pea e p ic o ty l  e x t r a c t s  

(G o ld ac re , G a lston  and W ein traub , 1953), th e  q u e s tio n  a t  once a ro se  a s  

t o  w hether th e  th e rm o s ta b le  f r a c t io n  o f  th e  waxpod bean ro o t  system  

c o n ta in e d  p ero x id ase  s u b s t r a t e s .  T h is was confirm ed by showing t h a t  

p re - t r e a tm e n t  o f  th e  u l t r a f i l t r a t e  w ith  p e ro x id a se  and hydrogen p e ro x id e  

caused  a  d ec rea se  in  i t s  a c t i v i t y .  P re - tre a tm e n t o f  c e r t a i n  o f  th e  

a c t iv e  s y n th e tic  ph en o ls  -  such a s  2 :4 :6  t r ic h lo ro p h e n o l  f o r  example 

-  a ls o  r e s u l te d  in  a  c o n s id e ra b le ,  b u t n o t com plete , d e s t r u c t io n  o f  

a c t i v i t y .  The p o s s ib le  p a r t i c i p a t i o n  o f  Mn^^ in  th e  a c t iv a t in g  e f f e c t  

o f  th e  u l t r a f i l t r a t e  was a ls o  c o n s id e re d , b u t s in c e  th e  e f f e c t  o f  u l t r a ­

f i l t r a t e  was much h ig h e r  th a n  t h a t  o f  added Mn^^, i t  was concluded t h a t  

th e  p e ro x id a se  s u b s tr a te s  were th e  im p o rtan t c o n s t i tu e n t s .  I n d i r e c t  

e v id en ce  was however o b ta in e d  f o r  th e  p resen ce  o f  Mn  ̂ • Thus 

i n h ib i t i o n s  o f  in d o le a c e t ic  a c id  o x id a tio n  by th e  a d d it io n  o f  pyrophosphate  

w ere o b ta in e d  -  though a d m itte d ly  o n ly  when h ig h  c o n c e n tra tio n s  o f  u l t r a ­

f i l t r a t e  were u sed . (Pyrophosphate was known to  i n h i b i t  " in d o le a c e t ic  

a c id -o x id a s e "  system s -  in  th e  p resen ce  -  b u t  n o t in  th e  absence  -  o f  

Mn^"").

K enten was th u s  o f  th e  o p in io n  t h a t  th e  o x id a tio n  o f  in d o le a c e t ic

a c id  was b ro u g h t abou t by th e  r e a c t io n  o f t h i s  compound w ith  in te rm e d ia te

p h en o l o x id a tio n  p ro d u c ts  -  th e  in d o le a c e t ic  a c id  a c t in g  a s  an e le c t r o n

donor in s te a d  o f  t^ e  Mn * S in c e , l ik e  th e  o x id a tio n s  o f  th e

d ic a rb o x y lic  a c id s  th e  in d o le a c e t ic  a c id  o x id a t io n  was independen t o f  

e x tr a n e o u s /
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e x tra n e o u s ly  au p p llo d  hydrogen p e ro x id e , he assumed t h a t  th e  source  o f  

th e  hydrogen p ero x id e  was a g a in  th e  s u b s t r a te .  I f  a u to x id a t io n  o f  

in d o le a c e t ic  a c id  p roceeded  a t  a l l ,  even a t  a  v e ry  low r a t e ,  t r a c e  

am ounts o f  hydrogen p e ro x id e  would be produced w hich co u ld  be used  lay 

th e  p e ro x id a se  f o r  th e  p e ro x id a tio n  o f  th e  p h en o l. F u r th e r  q u a n t i t i e s  

o f  hydrogen p e ro x id e  m ight th en  be formed by th e  a u to x id a t io n  o f  i n t e r ­

m ed ia te s  formed from th e  s u b s t r a te  ( in d o le a c e t ic  a c id ) .

A r a th e r  d i f f e r e n t  view  co ncern ing  th e  mechanism o f  in d o le a c e t ic  a c id

o x id a t io n  was taken  by Waygood e t  a l .  They examined i n  g r e a t  d e t a i l  th e

p r o p e r t i e s  o f  a  system  c o n ta in in g  a  w e ll  d ia ly s e d  aqueous e x t r a c t  from 

w heat le a v e s .  The p re p a ra t io n  showed n e g l ig ib le  " in d o le a c e t ic  a c id  -  

o x id a se "  a c t i v i t y  when t r i e d  a lo n e  and was a c t iv a te d  to  some e x te n t  by 

th e  a d d i t io n  e i t h e r  o f  Mn^^ a s  MnCl^, o r  o f  any member o f  th e  "Kenten 

and Mann p h e n o ls" . However th e  a d d i t io n  o f  th e se  two s im u lta n e o u s ly  

produced  an enormous in c re a s e  in  a c t i v i t y  -  which was m easured by

fo llo w in g  th e  oxygen up take  m an o m etrica lly , (Waygood, Oaks and M aclach lan ,

1956a ,  1956b ) .  Added hydrogen p e ro x id e  was a g a in  n o t r e q u ir e d .  These 

a u th o rs  concluded  (Waygood, Oaks and M aclachlan , 1956a) t h a t  th e  

m anganese was b e in g  o x id ise d  -  presum ably by th e  mechanism d e sc r ib e d  

by K enten and Mann (1949), t h a t  i s  by r e a c t io n  w ith  in te rm e d ia te  o x id a tio n  

o ro d u c ts  o f  th e  p h en o l. However, u n lik e  Kenten (1955 ), Waygood e t  a l .  

d ec id ed  t h a t  t h i s  o x id a tio n  o f  manganese was an e s s e n t i a l  f e a tu r e  o f  th e  

in d o le a c e t ic  a c id  d e s tro y in g  system . Thus th ey  su g g ested  t h a t  th e  

p rim a ry  a t t a c k  on th e  in d o le a c e t ic  a c id  m olecule was th e  rem oval o f  a  

hydrogen atom from  th e  carbox y l group by th e  t r i v a l e n t  m anganese. They 

c o n s id e re d /
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c o n sid e re d  t h a t  t h i s  would th e n  bo fo llcw ed  by spontaneous d e c a rb o x y la tio n  

and th e  fo rm atio n  o f  a  f r e e  ( s k a to le )  r a d ic a l  w ith  th e  fo rm u la :-

CH^

In  a d d i t io n  they  sug g ested  t h a t  th e  in te rm e d ia te  o x id a tio n  p ro d u c t formed 

d u rin g  th e  r e v e r s ib le  o x id a t io n -re d u c tio n  r e a c t io n  o f  th e  phenol was a ls o  

a  f r e e  r a d ic a l  -  th e  sem iqu ino l o r  a r y l  r a d i c a l .

The evidence from th e  b eh av io u r o f th e  enzym atic system  f o r  th e

p a r t i c ip a t io n  o f  Mn was c h ie f ly  a s  fo llo w s . As a lre a d y  m entioned,
+ +

th e  in d o le a c e t ic  a c id  o x id a tio n  was a c t iv i a te d  by th e  a d d it io n  o f  Mn 

p lu s  a  "Kenten and Mann phenol" ( r e s o r c in o l  was used  e x te n s iv e ly  by th e se  

a u th o r s ) .  This a c t iv i a t i o n  d id  n o t ta k e  p la c e  in  th e  p resen ce  o f  

c h e la t in g  b u f fe r s  such a s  c i t r a t e  o r  py rophosphate . O ther pheno ls such 

a s  c a te c h o l and p y ro g a llo l  in h ib i te d  th e  r e a c t io n  -  a s  th e y  had th e  

o x id a t io n  o f manganese by p e ro x id a se  and hydrogen p e ro x id e  i n  th e  system s 

d e sc r ib e d  l y  Kenten and Mann (1 9 5 0 ). Waygood, Oaks and M aclachlan (1956b) 

assumed t h a t  th e s e  compounds were i n h ib i t in g  by r e a c t in g  w ith  o x id ise d  

m anganese. In  su p p o rt o f  t h i s  e x p la n a tio n , th e y  were a b le  to  show t h a t  

such pheno ls were a c t iv e  in  d e c o lo u r is in g  m anganiversene ( a  complex 

form ed by manganic io n s  and e th y le n e d ia m in e te t r a c e ta te ) , w h ile  in  

c o n t r a s t  th e  "Kenten and Mann pheno ls"  showed l i t t l e  o r  no a c t i v i t y .

The f a c t  t h a t  th e  a c t iv e  "Kenten and Mann pheno ls" were found to  e x h ib i t  

optimum c o n c e n tra tio n s  i n  th e  " in d o le a c e t ic  a c id -o x id a se "  system  -  above 

w h ic h /
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w hich f u r th e r  in c re a s e s  in  c o n c e n tra tio n  caused th e  a c t i v i t y  to  d e c l in e ,  

was a ls o  assumed to  be caused  hy  a  tendency  even f o r  th e s e  pheno ls to  

r e a c t  w ith  o x id ise d  manganese when p re s e n t  in  h ig h  c o n c e n tra t io n s . A 

la g  p e rio d  was found to  p recede  th e  o x id a tio n  o f  in d o le a c e t ic  a c id  in  

a l l  th e  r e a c t io n  m ix tu re s , and was most pronounced in  those c o n ta in in g  

n a tu r a l  o r  a r t i f i c i a l  i n h i b i t o r s .  T his was in te r p r e te d  by Waygood,

Oaks and M aclachlan (1956a) a s  r e p re s e n tin g  th e  p e rio d  d u rin g  which th e  

c o n c e n tra tio n  o f Mn^^^ io n s  was b u i ld in g  up to  a  " th re s h o ld  c o n c e n tra tio n " . 

I t  Wa3 claim ed th a t  in  g e n e ra l th e  i n h ib i t o r s  o f  th e  in d o le a c e t ic  a c id  

o x id a t io n  could  be c l a s s i f i e d  in to  two groups acco rd in g  to  t h e i r  e f f e c t  

on th e  cou rse  o f th e  r e a c t io n .  Thus the po lypheno l c a te c h o l  f o r  example 

was found to  p ro long  th e  la g  p h a se , b u t  to  have no e f f e c t  on th e  subsequen t 

o x id a t io n  r a t e .  Presum ably t h i s  re a c te d  w ith  th e  }in formed i n i t i a l l y ,  

b u t  a f t e r  be ing  i t s e l f  o x id is e d  in  t h i s  way, th en  iiad no f u r th e r  e f f e c t  

on th e  r e a c t io n .  The second c a te g o ry  rec o g n ise d  by Wâ ’-good, Oaks and 

M aclachlan  (1956b) were th o se  -  such  a s  r i b o f la v in  and hydroquinone f o r  

example -  which had no e f f e c t  on th e  la g  phase b u t r e ta rd e d  th e  o x id a tio n  

from i t s  o n se t. I t  was sug g ested  t h a t  h e re  a g a in  th e  i n h ib i to r s  were 

com peting f o r  th e  o x id is e d  m anganese, b u t  t h a t  t h i s  tim e th e  p ro d u c ts  

o f  th e  o x id a tio n  were cap ab le  o f  g iv in g  r i s e  to  a  f u r th e r  p ro d u c tio n  

o f  manganic io n s  i n d i r e c t l y .  Any f a c to r s  which were found to  overcome 

th e  la g  p e rio d  were th o u g h t to  be a c t in g  by cau sin g  a  more ra p id  

p ro d u c tio n  o f  Mn^^^ io n s .  These in c lu d ed  oxygen -  th o u g h t to  promote 

a  " r e s o rc in o l  o x id ase"  r e a c t io n  -  r e f e r r e d  to  a g a in  l a t e r ,  manganese 

d io x id e /



—22-

d io x id e  -  which presum ably a c te d  a s  an  o x id an t o f  th e  Mn^^ io n s ,  and 

hydrogen p e ro x id e . The assum ption  t h a t  th e  "Kenten and Î4ann phenols" 

were o p e ra tin g  in  crude p la n t  e x t r a c t s  -  though acco rd in g  to  Waygood e t  

a l .  se rv in g  s o le ly  a s  m ed ia to rs  in  th e  o x id a tio n  o f  th e  Hn^^ -  was a g a in  

s tre n g th e n e d  by th e  i s o l a t i o n ,  Ty Waygood, Oaks and M aclachlan (1956b) 

o f  an e th e r  so lu b le  n a tu r a l  a c t iv a to r  from th e  d ia ly s a te .  This 

p re p a ra t io n  was n o t pure  b u t c o n ta in e d  a ls o  a  number o f  i n h ib i to r s  -  

a t  l e a s t  some o f  which were p h e n o lic  in  n a tu re  -  a s  shown t y  t h e i r  

c o lo u r  r e a c t io n  on chromatograms w ith  a  f e r r i c  c li lo r id e  sp ra y .

Perhaps th e  most com pelling  ev idence p u t forw ard  in  su p p o rt o f  th e  

proposed  r o le  o f manganese however was th e  d isc o v e ry  o f  M aclachlan and 

Waygood (1956a) th a t  in d o le a c e t ic  a c id  would i t s e l f  r e a c t  w ith  

m anganiversene. At pH 5*0 o r  lo w er, a  volum inous p u rp le -b la c k  

p r e c ip i t a t e  r e s u l te d ,  w h ile  a t  a  pK above 5 .0  th e re  was no p r e c ip i t a t i o n  

and th e  s o lu t io n  became y e llo w . In  th e  second case  oxygen was consumed 

and i t  was found th a t  one mole o f  oxygen was ta k e n  up and one mole o f  carbon 

d io x id e  was re le a s e d  f o r  every  mole o f  in d o le a c e t ic  a c id  o x id is e d . T his 

b ehav iou r could  be ex p la in e d  by assum ing t h a t  a  f r e e  r a d ic a l  was formed 

from in d o le a c e t ic  a c id  -  a s  a lre a d y  d e sc r ib e d  -  and th a t  t h i s  e i t h e r  

po lym erised  (p u rp le -b la c k  p r e c ip i t a t e )  o r  re a c te d  w ith  oxygen (yellow  

s o lu t io n ) .  Furtherm ore th e s e  a u th o rs  s ta te d  t h a t  th e  s o lu b le  yellow  

p ro d u c t produced n o n -en z y m atica lly  from in d o le a c e t ic  a c id  was i d e n t i c a l  

w ith  th e  p ro d u c t o f th e  enzym atic o x id a tio n  -  though no d e t a i l s  have in

f a c t  been  p ro f f e r r e d .

So f a r  no m ention has been made o f  a  sou rce  o f  p e ro x id e  f o r  th e

p e ro x id a s e /
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p e ro x id a se . Waygood e t  a l  c o n s id e re d  t h a ^ u r in g  th e  r e a c t io n ,  an 

o rg an ic  p e ro x id e  was formed by r e a c t io n  o f  th e  s k a to le  r a d i c a l  w ith  

a tm ospheric  oxygen to  g iv e  o x id is e d  sk a to le  r a d i c a l  o r  in d o le  

p e ro x id e . T his was th e n  used  by th e  p e ro x id ase  f o r  th e  p e ro x id a tio n  

o f  th e  phenol -  th e  o th e r  p ro d u c t o f  t h i s  r e a c t io n  b e in g  th e  f i n a l  

o x id a tio n  p roduct o f  in d o le a c e t ic  a c id .  I t  rem ained th e n  to  e x p la in  

how th e  r e a c t io n  was i n i t i a t e d  -  assum ing t h a t  a  supp ly  o f  Mn^*^ io n s  

was n o t  p re s e n t  i n i t i a l l y  in  th e  r e a c t io n  m ix tu re . M aclachlan and 

Waygood (1956b) suggested  t h a t  sm a ll q u a n t i t ie s  o f  io n s  would be

produced by a  " r e s o rc in c l  o x id ase"  system  in v o lv in g  p e ro x id a se , Mn^^ 

and a tm ospheric  oxygen.

M aclachlan and Waygood o b se rv ed , a s  had a ls o  Kenten (1955) t h a t  

ex cep t i n  th e  case  o f  sm all amounts o f  in d o le a c e t ic  a c id ,  th e  o x id a tio n  

d id  n o t proceed  to  com ple tion . T h is appeared to  be a  d i r e c t  r e s u l t  o f  

th e  in a c t iv a t io n  o f  th e  p e ro x id a se  component o f  th e  system  d u rin g  th e  

o x id a t io n . They suggested  t h a t  t h i s  r e s u l te d  from th e  r e a c t io n  o f  th e  

o x id is e d  s k a to le  r a d ic a l  w ith  th e  enzyme. O ther " t e r a in a t io n  r e a c t io n s ” 

were a ls o  proposed : th e  r e a c t io n  o f  th e  pheno l w ith  o x id is e d  manganese

( th e  re v e rse  o f  th e  r e a c t io n  by w hich manganic manganese was th o u g h t 

to  be fo rm ed), and th e  p o ly m e ris a tio n  o f  a r y l  r a d ic a l s  to  g iv e  unknown 

p h en o lic  o x id a tio n  p ro d u c ts .

The scheme fo rm u la ted  by Waygood e t  a l .  i s  g iven  below . The 

r e a c t io n  waajdescribed a s  "a  c h a in  a u to x id a tio n  i n i t i a t e d  and p ropaga ted  

hy two enzyme c o n tro l le d  p e ro x id a tio n s ” .
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P ropagation ,

ie x a in a t io n ,

++
Mn p e ro x id aae  o r  c a ta la s e  v »&***

+ rdh

+ 3 -  COOH  > Mn** + H* + S -  COO

S -  COO S ' + CO,

s. + 0̂   > SO-.

SOg. + %)H ^ RO. + 80gH

KO. + H* + M a*  > HOH + Mn***

SO^. + ensyme 

Mn*** + HOH -

 > (SOg -  enzym e;.

9 HO. + H* + Mn**

2R0. -> p ro d u c ts

( S _ COOH

S.

SOg.

SOgH

HOH

RO,

= in d o le a c e t ic  a c id .

s k a to le  r a d i c a l .

= o x id is e d  s k a to le  r a d ic a l  o r  in d o le  p e ro x id e . 

= <f i n a l  r e a c t io n  p ro d u c t.

= p h e n o lic  c o fa c to r  i . e .  r e s o r c in o l .

= sem iqu ino l o r  a r y l  r a d i c a l .  )
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A lthough an a t t r a c t i v e  id e a  in  many ways, th e  p a r t i c i p a t i o n  o f  

manganese a s  a  m ajor r e a c ta n t  has been  doub ted . At th e  same tim e i t

had been n ecessa ry  f o r  Maygood e t  a l .  to  su g g e s t t h a t  th e  a c t i v i t y  o f
'

system s to  which Mn had n o t been  added was due to  th e  p resen ce  o f  

sm a ll q u a n t i t ie s  o f  Mn in  them — presum ably d e riv e d  from th e  p la n t  

e x tra c t*  A lso , th e  a c t iv a t in g  e f f e c t  produced by add ing  pheno l a lone  

was ex p la in ed  by supposing  t h a t  th e  phenol had a  c a p a c i ty  to  " co -o rd in a te  

th e  n o n -d ia ly sa b le  manganese" p re s e n t  in  th e  enzyme p re p a ra t io n s  -  a  

s t a t e  o f  a f f a i r s  which Ray (1958) has co n sid e red  u n l ik e ly .  C i t r a te  

and pyrophosphate in h ib i te d  th e  " in d o le a c e t ic  a c id -o x id a se "  r e a c t io n  

o n ly  in  system s c o n ta in in g  added m anganese. An a l t e r n a t iv e  su g g e s tio n  

f o r  th e  in h ib i to r y  a c t io n  o f  ph en o ls  such a s  c a te c h o l was p u t forw ard 

by Kentan ( 1955) ,  namely t h a t  th e y  competed f o r  th e  a v a i la b le  peroxide*  

A lso , th e  in l i ib i to ry  e f f e c t  o f  h ig h  c o n c e n tra tio n s  o f th e  "Kenton and 

Mann pheno ls" m ight have been caused  by an in h ib i to r y  e f f e c t  o f  th e  h ig h  

pheno l c o n c e n tra tio n  on th e  p e ro x id a se  enzyme* fh e  la g  pliase need n o t 

n e c e s s a r i ly  have been due to  th e  b u i ld  up o f  a  c o n c e n tra tio n  o f  

The fo rm u la tio n  o f  th e  p e ro x id a tic  r e a c t io n  betw een th e  o x id ise d  s k a to le  

r a d i c a l  and th e  phenol to  g iv e  th e  f i n a l  o x id a tio n  p ro d u c t has been 

s e v e re ly  c r i t i c i s e d  by Ray (1 # 5 # ). T his a u th o r  p o in te d  o u t t i i a t  th e

supposed p ro d u c t o f  t h i s  r e a c t io n  (SO^H) i s  o f  a  ty p e  o f  compound w hich

would be l i k e l y  i t s e l f  to  a c t  a s  a  p e ro x id ase  s u b s t r a t e ,  and a ls o  t h a t

th e re  i s  no rea so n  to  suppose t h a t  t h i s  r e a c t io n  would o ccu r in  p r e f e r ­

ence to  th e  analogous one proposed  f o r  th e  non-enzym atio system  -  t h a t  i s  

t h e /
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the  r e a c t io n  betw een th e  o x id is e d  s k a to le  r a d ic a l  and th e  s u b s tr a te  -  

shown below :-

30g. + S -  COCri  > SO^H + 8* + COg

N ev erth e le ss  i t  has r e c e n t ly  been reco g n ised  t h a t  f r e e  r a d ic a l s  a re  

im p o rtan t in te rm e d ia te s  in  c e r t a in  p e ro x id a se -c a ta ly s e d  re a c tio n s*

The la g  phase which appeared  to  be in h e re n t in  th e  in d o le a c e t ie  a c id  

o x id a tio n  -  though under c e r t a i n  c o n d itio n s  v e ry  s h o r t  -  was ty p ic a l  

o f  th e  ty p e  o f  a u to c a ta ly t ic  r e a c t io n  which f r e e  r a d ic a l s  have been 

shown to  ta k e  p a r t  in* The in h ib i t io n  by po lypheno ls even, cou ld  

a ls o  be c i t e d  a s  an in d ic a t io n  th a ^ f re e  r a d i c a l s  were b e in g  formed*

A f r e e  r a d ic a l  mechanism f o r  th e  o x id a tio n  o f  in d o le a c e t ie  a c id  

by p e ro x id ase  was a lso  p o s tu la te d  by Yamazaki and Souzu ( I 96C)* They 

showed f o r  th e  f i r s t  tim e th a t  in d o le a c e t ie  a c id  cou ld  be o x id is e d  by . 

p e ro x id ase  in  an anaerob ic  system  in  wliich oxygen was repàaced  by 

in o rg a n ic  i ro n  (Fe*** io n s)  a s  hydrogen accep to r*  The system  used  

co n ta in ed  h ig h ly  p u r i f ie d  tu rn ip  p e ro x id ase  and added hydrogen perox ide , 

I t  was though t t h a t  th e  r e a c t io n s  o c c u rrin g  were th o se  g iv en  under (1) 

to  (4 ) below

TP + ^ Complex I  (^)

Complex I  + 1/iA ------------------  ̂ Complex I I  + lAA^ (2)

Complex I I  + lAA -------------------> TP + lAA^ (3)

IM ^  + Fe 

(TP = tu r n ip  perox idase*

,1 * .   ̂ + Fe** (4)

lAA = in d o le a c e t ie  acid*

lAA = one e q u iv a le n t  o x id is e d  form o f  IÂA.

lAA^^ = two e q u iv a le n ts  o x id is e d  form o f  lAA*)
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F i r s t  a  p e ro x id ase  -  hydrogen p e ro x id e  complex (Complex I )  was formed* 

T h is was th en  presumed to  r e a c t  w ith  one m olecule o f  th e  s u b s tr a te  

( in d o le a c e t ie  a c id )  w ith  th e  fo rm atio n  o f Complex I I  and a  f r e e  r a d ic a l  

lAA ("one e q u iv a le n t o x id is e d  form o f  in d o le a c e t ie  a c id " ) .  The n ex t 

r e a c t io n  was betw een Complex I I  and a  second in d o le a c e t ie  a c id  m olecule 

to  g iv e  an o th e r  lAA^ r a d i c a l  and f r e e  p e ro x id a se . The IM ^  r a d ic a l s  

so produced th en  presum ably re a c te d  w ith  Fe*** to  g iv e  Fe** and lA A ^ 

r a d i c a l s  ("two e q u iv a le n ts  o x id is e d  form o f in d o le a c e t ie  a c id " ) .  The 

fo rm a tio n  o f  Complex I I  and i t s  subsequen t r e a c t io n  w ith  in d o le a c e t ie  

a c id  was dem onstrated  by fo llo w in g  changes i n  th e  absorbancy  o f  th e  

r e a c t io n  m ix ture  a t  424 mp. Yamazaki and Souzu p o in te d  o u t t h a t  th e  

s t r i c t  requ irem en t f o r  Fe*** (o r  o th e r  H -  a c c e p to r)  in  th e  an ae ro b ic  

system  was p robab ly  a  consequence o f  i t s  a b i l i t y  to  remove th e  lAA^ 

r a d i c a l s  -  which would o th e rw ise  r e a c t  w ith  th e  enzyme and so in a c t iv a te  

i t .

In  th e  a e ro b ic  o x id a tio n  o f  in d o le a c e t ie  a c id ,  Yamazaki and Souzu 

a g a in  suggested  t h a t  th e  r e a c t io n s  betw een p e ro x id a se , hydrogen perox ide  

and in d o le a c e t ie  a c id  were e x a c tly  a s  d e sc r ib e d  f o r  th e  a n ae ro b ic  system  

( r e a c t io n s  (1) to  (3) )• Heres however th e  enzyme was th o u g h t to  be 

" p ro te c te d  from in a c t iv a t io n "  by th e  r e a c t io n  o f  th e  r a d i c a l s  d e riv e d  

from th e  s u b s tr a te  w ith  a tm ospheric  oxygen. T his r e a c t io n  would a ls o  

le a d  to  th e  fo rm atio n  o f  th e  hydrogen pero x id e  u t i l i s e d  by th e  

p e ro x id a se . (The a e ro b ic  o x id a tio n  was n o t  dependent on added hydrogen 

p e ro x id e ) . Yamazaki and Souzu, u s in g  t h e i r  p u r i f ie d  tu r n ip  p e ro x id a se , 

fo u n d /



-2 8 -

found t h a t  th e re  was a  s h o r t  " in d u c tio n  phase” b e fo re  th e  a e ro b ic  

in d o le a c e t ie  a c id  breakdown commenced -  and by fo llo w in g  th e  change in  

O D tical d e n s i ty  r t  424 mp, th e y  f u r th e r  showed t h a t  t h i s  in d u c tio n  

phase corresponded  w ith  th e  i n i t i a l  in c re a s e  in  d e n s i ty  due to  th e  

fo rm a tio n  o f p e ro x id a se  Complex I I .  A second, more g ra d u a l in c re a s e  in  

th e  o p t ic a l  d e n s i ty  a t  424 mp was a t t r ib u t e d  to  th e  accum ulation  o f  th e  

brovm ish o x id a tio n  p ro d u c ts . They assumed t h a t  th e  r e a c t io n  was 

i n i t i a t e d  d u rin g  th e  in d u c tio n  phase  by t r a c e  amounts o f  hydrogen 

p e ro x id e  which were e i t h e r  p re s e n t  in  th e  m ix tu re , o r  a ro se  by th e  

a u to x id a tio n  o f  th e  s u b s t r a te .

Phenols such as  p - c r e s o l  were found to  in c re a s e  th e  r a t e  o f  o x id a tio n  

b o th  in  th e  p resen ce  and th e  absence  o f  oxygen. T h is was ex p la in ed  

by assum ing t h a t  th e  phenol was p e ro x id ise d  by p e ro x id a se  and hydrogen 

p e ro x id e  to  g ive  phenol r a d ic a l s  w hich th en  re a c te d  w ith  th e  s u b s tr a te  

to  g iv e  lAA^ r a d i c a l s ,  and a ls o  t h a t  th e  r a t e  o f  fo rm a tio n  o f  th e  lAA^ 

r a d ic a l s  in  t h i s  r e a c t io n  w a s fa s te r  th a n  in  th e  "norm al" d i r e c t  p e ro x id -  

a t io n  o f  in d o le a c e t ie  a c id .  Mn io n s  were found to  in c re a s e  th e  r a t e  

o f  in d o le a c e t ie  a c id  o x id a tio n  o n ly  i n  th e  a e ro b ic  system  and on ly  in  

th e  absence o f  added hydrogen p e ro x id e . S ince manganese was n o t 

e f f e c t iv e  in  th e  an ae ro b ic  system , Yamazaki and Souzu concluded t h a t  

i t  cou ld  n o t be in f lu e n c in g  r e a c t io n s  ( l )  to  (3) in  th e  a e ro b ic  system . 

They suggested  in s te a d  t h a t  i t  prom oted th e  r e a c t io n  betw een th e  lAA^ 

r a d ic a l  and oxygen i n  which hydrogen p e ro x id e  was produced.
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( TP = tu rn ip  p e ro x id a se .

YH  ̂ = s u b s tr a te  ( in d o le a c e t ie  a c id ) .

XHg = p heno l.

(HgO^) = t r a c e  amount o f  . )

T h is scheme appeared  to  f i t  a l l  th e  f a c t s ,  ex cep t t h a t  on ly

0 .5  mole o f  oxygen would be consumed p e r  mole o f  in d o le a c e t ie  a c id  

o x id ise d  and no t 1 mole -  a s  has been found e x p e rim e n ta lly  by th e  

m a jo r ity  o f  w orkers. However Yamazaki and Souzu p o in te d  o u t t h a t  

th e  r e a c t io n  betw een lAA^ and oxygen might o ccu r in  some o th e r  way, 

perhaps a s  shown in  th e  e q u a tio n  below fo r  exam ple,

lAA^ + Og lAA^O + iHgOg ,

th u s  e x p la in in g  th e  observed  oxygen u p tak e .
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Ibe-Rathvray_ Qf th e  enzym atic o x id a t io n  o f  in d o le a c e t ie  a c id  and th e  

p ro d u c ts  o f  th e  r e a c t io n .

Manning and G a ls to n  (1955) s tu d ie d  th e  breakdown p ro d u c ts  o f  

in d o le a c e t ie  a c id  e x tra c te d  from r e a c t io n  m ix tu res  c o n ta in in g  an 

ammonium su lp h a te  -  p r e c ip i t a te d  enzyme from e t i o l a t e d  pea e p ic o ty ls  

and 2 .4  -  d ic h lo ro p h e n o l. Three compounds were d e te c te d .  Two were 

e x tra c te d  in to  ch loroform  and cou ld  be d e te c te d  by sp ray in g  E h r lic h  

re a g e n t on to  chromatograms w hich had been developed in  Iso p ro p an o l : 

Ammonia : W ater ( 2 :1 :1 ) .  The c h a r a c t e r i s t i c s  o f  th e s e  a re  shown in  

th e  ta b le  below .

compound

0 .9 1

0 .9 4

pH at which 
extracted into 
chloroform

3 .0

3.0 and 9.0

Nature of 
compound

A cid ic

N e u tra l

Colour w ith  
E h r lic h  re a g e n t

Y e l lo w - ^  red  

Yellow—>  orange

A t h i r d  compound, which d id  n o t appear on th e  chrom àtogram s, was 

e x tra c te d  in to  ch lorofrom  a t  pH 9 .0 ,  and gave a  p o s i t iv e  Hopkins -  Cole 

( in d o le )  t e s t .  The compounds runn ing  a t  Rf 0 .9 1  emd 0 .9 4  -  p a r t i c u l a r l y  

th e  form er -  were shown to  accum ulate  w ith  t im e . I t  was found t h a t  

in d o lea ld eh y d e  d id  n o t g ive  r i s e  to  th e  above p ro d u c ts  when added to  th e  

enzyme system . (In d o lea ld eh y d e  was n o t d e te c te d  among th e  r e a c t io n  

p ro d u c ts  b u t ev idence f o r  i t s  fo rm atio n  had been o b ta in e d  e a r l i e r  hy 

R acusen(l955) ) .

S tu tz  (1957) used a  h ig h ly  p u r i f ie d  enzyme from Luninus s e e d lin g s

t o /
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to  w hich b o th  Mn and 2 ,4  -  d ich lo ro p h en o l were added. The p ro d u c ts  

were e x tr a c te d  w ith  e th e r  and chromatograms run  u sin g  Iso p ro p an o l t 

Ammonia i W ater (10*1*1). The p ap ers  were sp rayed  w ith  Salkow ski 

re a g e n t and examined under u l t r a v i o l e t  l i g h t .  The s ix  compounds 

d e te c te d  a re  shown below . The n o n - in d o ly l ones were d e te c ta b le  on ly  

by t h e i r  f lu o re sc e n c e  b eh av io u r.

Rf o f  s o o t . E x tra c te d  from 
reaction..m iic.ture 
w ith o u t a d ju s t ­

ment to  a c id  o r  
a lk a l in e  dH.

E x tra c te d  from r e a c t io n  
m ix tu re  a t  dH :

10 .0  3^0

0 .3 In d o le a c e tie  a c id In d o le a c e tie

0 .45  ( * 1 ) In d o ly l In d o ly l

0 .6  (#=2) N on-indo ly l Non-^indolyl

0 .7  ( # 3 ) N on-indo ly l N on-indo ly l N on-indo ly l

0 .8  (#  4) In d o ly l In d o ly l N on-indo ly l

0 .9  (#  5) In d o ly l In d o ly l

L a te r ,  (S tu tz  1958), in d o lea ld eh y d e  was d e te c te d  a s  a  ü V -flu o reacen t 

sp o t betw een s p o ts # 4  a n d # 5 .  (In d o lea ld eh y d e  r e a c t s  on ly  w eakly 

w ith  Salkow ski r e a g e n t) . The f a t e  o f  t h i s  compound when added to  

th e  enzyme system  was a g a in  s tu d ie d  -  a ls o  t h a t  o f  in d o le g ly c o lic  

a c id ,  in d o le g ly o x y lic  a c id , and in d o le c a rb o x y lic  a c id .  The form ulae 

and p o s s ib le  r e l a t io n s h ip s  betw een th e s e  compounds a re  shown below .



H OH

N'

+ O

,OH
c - c :

- 2 H

- c o .

In d o le a c e tie  a c id .

In d o le g ly c o lic  a c id .

In d o le g ly o x y lic  a c id .

In d o lea ld eh y d e ,

+ 0

In d o le c a rb o x y lic  ac id ,

A ccording to  S tu tz ,  in d o le g ly o x y lic  a c id ,  in d o lea ld eh y d e  and 

in d o le c a rb o x y lic  a c id  were n o t u t i l i s e d  by th e  enzyme. In d o le g ly c o lic  

a c id  on th e  o th e r  hand gave r i s e  to  indo lea ldehyde  -  presum ably a s  a 

r e s u l t  o f  s im u ltan eo u s dehyd rogenation  and d e ca rb o x y la tio n  (s in c e  

in d o le g ly o x y lic /



in d o le g ly o x y lic  a c id  had rem ained u n a tta c k e d ) . The breakdown o f  

C ^ ~ la b e l le d  in d o le a c e t ie  a c id  was a ls o  s tu d ie d . When th e  l a b e l  

was in  th e  2 carbon  atom o f  th e  in d o le  r in g ,  th e  r a d io a c t iv i t y  was 

l a r g e ly  re ta in e d  and appeared  in  a  number o f  th e  r e a c t io n  p ro d u c ts  

depending to  some e x te n t  on th e  n a tu re  o f  th e  b u f f e r  u sed . These 

a re  shown in  th e  t a b le  below .

B u ffe r  Compounds c o n ta in in g

TRIS. ( In d o le a c e t ie  a c id ) ,  #  2 , *  4 , In d o lea ld eh y d e .

P hosphate . ( In d o le a c e tie  a c id ) ,  #  4 , In d o lea ld eh y d e , #  5 .

The sp o t 4# 4  lo c a te d  in  th e s e  experim ents w ith  2 - C ^ - la b e l le d  

in d o le a c e t ie  a c id  was e lu te d  and found to  c o n ta in  th re e  o r  fo u r  

com ponents, one o f  which appeared  to  be an a n th r a n i l a te .  I t  i s  

p o s s ib le  t h a t  a n th r a n i l i c  a c id  was d e riv e d  from in d o le c a rb o x y lic  

a c id  as  shown below .

/ / W c '
OH

In d o le c a rb o x y lic  a c id .
'o

A n th ra n il ic  a c id .

A nother compound was a ls o  p re s e n t  w hich w a ^ n ly  lo c a te d  in  th e  t r a c e r  

e x p rim en ts , T h is was s t ro n g ly  a c id ic  and had an Rf low er th an  

in d o le a c e t i e /
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in d o le a c e t ie  a c id . The on ly  groups d e te c te d  by in f r a - r e d  sp ec tro sco p y  

were th e  m ethylene and carboxy l groups -  in d ic a t in g  an a l ip h a t i c  

n a tu r e .  F in a l ly ,  S tu tz  was a ls o  re sp o n s ib le  f o r  dem onstra ting  t h a t  

when th e  l a b e l  was in  th e  carbon atom o f  th e  carb o x y l g roup , th e  t r a c e r  

was a lm ost com plete ly  l o s t ,  ex cep t t h a t  r a d io a c t iv i ty  was s t i l l  p re s e n t  

in  th e  n o n -in d o ly l sp o t 4k 2 .

M elchior (1958) added in d o le a c e t ie  a c id  to  an  ace tone  p r e c ip i t a te d  

enzyme from cabbage le a v e s  suspended in  phosphate  b u f fe r  pH 6 .6 .  The 

p ro d u c ts  were e x tra c te d  w ith  e th e r  and chrom atographed u s in g  Iso p ro p an o l: 

Ammonia t W ater (8 0 :2 :1 5 ) . An a ttem p t was made -  by m easuring sp o t 

s iz e  -  to  e s tim a te  th e  q u a n t i t ie s  o f  c e r t a in  o f  th e  compounds p re s e n t 

a t  v a r io u s  s ta g e s  d u rin g  th e  o x id a t io n . The r e s u l t s  o f  an experim ent 

o f  t h i s  type-w hich  la s te d  f o r  tw en ty -fo u r hours -  a re  g iven  in  th e  t a b le  

below . As a  c o n tro l  in d o le a c e t ie  a c id  was in cu b a ted  in  th e  absence 

o f  enzyme.

Time in  h o u rs . 0
(c o n tro l)

8 12 24 24
(co n tro l

P lan im e te r u n i t s
IBS = in d o le a c e t ie  a c id 212 178 100 15 - — 208

Not P la n im e te r u n i t s Not
IGS(?) = in d o le g ly c o lic  a c id  (? ) m easure-

a b le
28 46 —
Micrograms

-  measure# 
a b le .

IGyS = in d o le g ly o x y lic  a c id . 6 8—10 — 
Micrograms

lA = in d o lea ldehyde 1 2 3
Micrograms

5 8—10 —

ICS = in d o le c a rb o x y lic  a c id ? ? ? 1 2

"W ?" = u n id e n t i f ie d  compound + 4" ++ ++ +++ •
p ro b ab ly  i d e n t i c a l  w ith  one 
d e te c te d  in  th e  photo  d es­
t r u c t io n  experim en ts d e s c r i ­
b ed .b y  I4elch io r (1 9 5 7 ) ,i . e .
fiyii
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A com plete l i s t  o f  p ro d u cts  f o r  th e  two hour in c u b a tio n  p e rio d  was 

p u b lish e d  -  a s  shown below. Those n o t in c lu d ed  in  th e  f i r s t  t a b le  

(above) were p re s e n t o n ly  in  v e ry  sm all am ounts.

Rf Colour w ith  S a lp e r  re a g e n t Colour w ith  van Eck re a g e n t I d e n t i ty

0 .2 6 Orange -  b r ig h t  red ICS

0 .3 7 Pink (Masked by lES) Yellow IGyS

0 .5 5  *
¥

Red -  v io le t IGS ?

0 .56 D ir ty  Yellow ?

0.75 V io le t - ?

0 .8 9 B rig h t brown Yellow lA

0 .93

¥

Red

D ata from M elchior (1957).

«W ?"

The Rf o f  in d o le a c e t ie  a c id  was n o t g iven  f o r  t h i s  p a r t i c u l a r  experim ent 

b u t i t  was presum ably s l i g h t l y  low er th an  t h a t  o f  in d o le g ly o x y lic  a c id .  

A fte r  tw e n ty -fo u r hours in c u b a tio n  two f u r th e r  g2*oducts were found in  

th e  r e a c t io n  m ix tu re . These were "0” which ra n  a t  th e  same Rf a s  

in d o lea ld eh y d e  and "q" (Rf 0 .8 5 ) .  "0" gave a  y e llow  c o lo u r b o th  w ith

E h r lic h  and van Eck re a g e n ts  w h ile  ”q" gave o n ly  a  b lu e -g re e n  c o lo u r  

w ith  E h r lic h  re a g e n t . The ”W?" o f  th o se  experim en ts was th o u g h t to  be 

i d e n t i c a l  w ith  th e  in d o le  compound e x tra c te d  in to  ch lo ro form  a t  pH 9 .0  

by Manning and G alston  (1955). The compound .IGS (? ) was a t  f i r s t  

co n sid e red  to  be in d o le g ly c o lic  a c id ,  b u t a s  p o in te d  o u t by M elchior 

(1 9 5 7 )/
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(1957 ), t h i s  was n o t so , s in c e  G reenberg, G a ls to n , Shaw and Armstrong 

(1957) showed t h a t  pu re  s y n th e tic  in d o le g ly c o lic  a c id  was u n s ta b le  in  

th e  a lk a l in e  chrom atographic  so lv e n t u sed . M elchior (1958) a ls o  

examined th e  p ro d u c ts  formed when in d o le g ly o x y lic  a c id  (IG yS), 

in d o lea ld eh y d e  (lA) and in d o le c a rb o x y lic  a c id  (ICS) were in cu b a ted  w ith  

th e  enzyme* U nlike S tu tz  (1958 ), he found t h a t  a l l  th r e e  were 

u t i l i s e d  -  and gave r i s e  to  th e  p ro d u c ts  shown below*

S u b s t r a te s : IGyS lA ICS

lA
i

P ro d u c ts : ICS IGS

"W ? ” "W ?" "W ?"

E vidence f o r  th e  enzym atic b r e a k f ^ - o f  in d o le a c e t ie  a c id  " in  v iv o " .

Tang and Bonner (1948) dem onstra ted  th e  d isap p ea ran ce  o f  

in d o le a c e t ie  a c id  from e t io l a t e d  pea p la n ts  w hich had been  i n f i l ­

t r a t e d  w ith  a  s o lu t io n  o f  s y n th e tic  in d o le a c e t ie  a c id . By i n f i l ­

t r a t i n g  th e  s e e d lin g s  w ith  Salkow ski re a g e n t im m ediately  a f t e r  

in d o le a c e t ie  a c id  i n f i l t r a t i o n  th ey  o b ta in e d  th e  p in k  Salkow ski c o lo u r 

" in  s i t u " .  When t h i s  was t r i e d  a f t e r  a  p e r io d  o f  in c u b a tio n  however, 

l i t t l e  o r  no c o lo u r developed  -  showing t h a t  th e  in d o le a c e t ie  a c id  had 

been d e s tro y e d . The same r e s u l t  was o b ta in e d  when th e  in d o le a c e t ie  

a c id  c o n te n ts  o f  th e  t i s s u e s  were dete rm ined  u s in g  th e  Went Avena

c o le o p t i l e  c u rv a tu re  t e s t .  Fang and B u tts  (195?) in je c te d
c a rb o x y l/
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c a rb o x y l -  -  l a b e l le d  in d o le a c e t ie  a c id  in to  th e  le a v e s  o f  pea,

bean and co m  p la n ts  and were a b le  to  show t h a t  r a d io a c t iv e  

was g iv en  o f f .  In  t h i s  case  however i t  appeared a t  l e a s t  p o s s ib le ,  

t h a t  in  th e  dark  th e  in d o le a c e t ie  a c id  was be ing  broken down in  

in ju r e d  t i s s u e s ,  and a l s ^ h a t  in  th e  l i g h t  a  non-enaym atic photo­

o x id a t io n  was ta k in g  p la c e .  Andreae and van Y s s e ls te in  (1956) fed  

in d o le a c e t ie  a c id  to  pea  gtem s e c t io n s .  At c o n c e n tra tio n s  below 

10*^ M, no f r e e  in d o le a c e t ie  a c id  cou ld  be d e te c te d  in  th e  t i s s u e s  -  

w h ile  o n ly  one f i f t h  o f  i t  cou ld  be found in  th e  form o f  in d o le a s p a r t ic  

a c id .  Hence i t  fo llow ed  t h a t  th e  o th e r  fo u r  f i f t h s  had been 

d e s tro y e d  -  presum ably by th e  " in d o le a c e t ie  a c id -o x id a se "  system .

At c o n c e n tra tio n s  above 10*"^ M however, f r e e  in d o le a c e t ie  a c id  was 

lo c a te d ,  w hich, on t r a n s f e r  o f  th e  t i s s u e s  to  a  m oistcham ber, was 

found to  be alm ost q u a n t i t a t iv e ly  co n v erted  to  in d o le a s p a r t ic  a c id .

T h is le d  to  th e  co n c lu sio n  t h a t  c e r t a in  t i s s u e s  -  th e  parenchyma o f  

th e  p i t h  and c o rte x  -  were devoid  o f  in d o le a c e t ie  a c id -d e s tro y in g  

a c t i v i t y ,  and t h a t  i t  was h e re  t h a t  c o n ju g a tio n  had tak e n  p la c e .

They su g g ested  t h a t  th e  d e g ra d a tio n  o f  in d o le a c e t ie  a c id  was r e s t r i c t e d  

to  th e  ep iderm is and v a s c u la r  t i s s u e s  -  t h a t  i s  to  th o se  t i s s u e s  

m entioned by van F le e t  (1952) a s  c o n ta in in g  h ig h  p e ro x id ase  a c t i v i t y .  

T h is id e a  was supported  by th e  o b se rv a tio n  o f  E b ert (1955) t h a t  no 

Salkow ski p o s i t iv e  su b s tan ce  accum ulated in  th e  ep iderm is and ro o t 

cap (a n o th e r  re g io n  w ith  h igh  p e ro x id ase  a c t iv i t y )  when r o o t  t i s s u e s  

were in cu b a te d  w ith  in d o le a c e t ie  a c id .
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The o n ly  ev idence  a v a i la b le  f o r  th e  su p p o s itio n  t h a t  endogenous 

in d o le a c e t ie  a c id  was s im i la r ly  broken down was n e c e s s a r i ly  v e ry  

i n d i r e c t , P i l e t  (1957 ), f o r  exam ple, found a  c o r r e la t io n  between 

th e  ch lo ro fo rm  e x tr a c ta b le  endogenous aux ip  c o n te n t o f  d i f f e r e n t  

zones o f  Igns ro o ts  and th e  " in d o le a c e t ie  a c id  -  ox idase" a c t i v i t i e s  

o f  e x t r a c t s  made from th e  co rrespond ing  t i s s u e s .  Enzyme a c t i v i t y  was 

r e l a t i v e l y  h igh  and au x in  c o n te n t r e l a t i v e l y  low in  th e  ro o t  cap and 

in  th e  zone o f  e lo n g a tio n , w h ile  th e  enzyme a c t i v i t y  was low and th e  

a u x in  c o n te n t h igh  in  th e  re g io n  o f  th e  a p ic a l  m eristem , (The 

i n a c t iv a t io n  o f  n a tu r a l ly  o c c u rrin g  growth substance  on in c u b a tio n  

w ith  p la n t  e x t r a c ts  was dem onstra ted  v e ry  e a r ly  on -  f i r s t  by Thimann 

(1934) and a ls o  by L arsen  (1936) ) .

The p o s s ib l e  r o le  o f  " in d o le a c e t ie  a c id  oxidase*Ljm

S e v e ra l a u th o rs  have suggested  t h a t  " in d o le a c e t ie  a c id  -  ox idase" 

was re s p o n s ib le  f o r  "dw arfism ” in  p la n t s .  Van Overbeek (1935) showed 

t h a t  e x t r a c t s  o f  dw arf c o m  p la n ts  d e stro y ed  auxin  f a s t e r  th an  th o se  

o f  non-dw arf ones -  and a ls o  t h a t  th e  aux in  c o n te n ts  o f  th e  t i s s u e s  

o f  th e  fo rm er were l o s s ,  A s im ila r  h ig h e r  a u x in -d e s tro y in g  a c t i v i t y  

was c la im ed by G alston  (1957) f o r  dw arf peas -  though von Abrams (1953) 

cou ld  dem onstra te  no s ig n i f i c a n t  d i f f e r e n c e .  Secondly i t  was though t 

t h a t  th e  h ig h  a u x in -d e s tro y in g  a c t i v i t y  o f  e t io l a t e d  sh o o ts  ( a s  opposed 

to  t h a t  o f  g reen  ones) had some s ig n if ic a n c e  in  p ro te c tin g  th e  t i s s u e s  

fro m /
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from th e  e f f e c t s  o f  "excess"  a u x in , Thus, a lth o u g h  e t i o l a t e d  pea 

e p ic o ty ls  i n  f a c t  c o n ta in e d  more auxin  th an  g reen  ones, and showed -  

p resum ably a s  a  consequence -  th e  phenomenon o f  " iy p e r -e lo n g a tio n " ,

Tang and Bonner (1948) sug g ested  t h a t ,  i f  i t  were n o t f o r  th e  h igh  

" in d o le a c e t ie  a c id  -  o x id ase"  a c t i v i t y  o f  th e  e t i o l a t e d  t i s s u e s ,  th e  

c o n c e n tra tio n  o f  aux in  in  them would be even h ig h e r . A gain, Tang and 

Bonner suggested  th a t  th e  h ig h  o x id is in g  a c t i v i t y  which th ey  found in  

r o o ts  -  compared w ith  t h a t  in  sh o o ts  -  was e f f e c t iv e  in  p ro te c tin g  th e  

r o o ts  from th e  in h ib i to r y  e f f e c t  o f  a u x in . (An in h ib i to r y  e f f e c t  o f  

" a p p lie d  auxin" on ro o ts  was dem onstrated  by KÔgl, Kaagen-Smit and E rxleben 

(1934)*) A more re c e n t  id e a  was t h a t  o f  G a lston  and D alberg (1954) who 

su g g ested  t h a t  in  th e  d ev e lo im m t o f  a l l  p la n t  c e l l s , th e  change over 

from e lo n g a tio n  to  m a tu ra tio n , was c o n tro l le d  by th e  d isappearance  o f  

a u x in . T his d isappearance  th e y  a t t r ib u te d  to  an enhanced " in d o le a c e t ie  

a c id  -  o x id ase"  a c t i v i t y  in  th e  t i s s u e .  In  su p p o rt o f  t h i s  th e y  showed 

t h a t  a s  one passed  backwards from th e  ro o t  o r  shoo t m eristem  o f p e a s , 

in to  th e  e lo n g a tin g  zone, an in c re a s e  in  " in d o le a c e t ie  a c id  -  ox idase" 

a c t i v i t y  was encoun tered  (when th e  a c t i v i t y  was exp ressed  "p er u n i t  

p r o te in  n i t r o g e n " ) .  A s im ila r  g ra d ie n t  o f  a c t i v i t y  was observed in  

L m s r o o ts  by P i l e t  and G a lsto n  (1955) •

A v a r i e ty  o f  e x p la n a tio n s  were o f fe re d  to  account f o r  th e  

d i f f e r e n c e s  in  a u x in -d e s tro y in g  a c t i v i t y  in  th e  examples j u s t  d e sc r ib e d .

The e x t r a c t s  o f  dw arf pea p la n ts  were shown to  have a  h ig h e r p e ro x id ase  

a c t i v i t y  (van  Overbeek, 1935), and a  low er i n h ib i to r  c o n te n t (G a ls to n ,

1957/
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1957), th a n  th o se  o f  non-dw arf o n es. The low " in d o le a c e t ie  a c id  -  

o x id ase"  a c t i v i t y  o f  g reen  t i s s u e s  appeared to  be f a i r l y  d e f in i t e ly  

r e l a t e d  to  th e  fo rm atio n  o f  la rg e  amounts o f  an i n h ib i to r  in  l i g h t .

However Tang and Bonner (1948) c a r r ie d  o u t an experim ent in  which i t  

was shown t h a t  th e  aim unt o f  enzyme e x tr a c ta b le  w ith  acetone  from e t io la t e d  

t i s s u e s  d ec reased  s l i g h t l y  when th e s e  were exposed to  l i g h t .  (More 

r e c e n t ly  H illm an and G a lsto n  (1957) showed t h a t  when e t i o l a t e d  pea 

e p ic o ty ls  were t r e a te d  w ith  re d  l i g h t  f o r  a  p e rio d  o f  o n ly  one hour, 

th e  " in d o le a c e t ie  a c id  -  o x id ase"  a c t i v i t y  o f  e x t r a c ts  made from th e  

buds, was v e ry  much d ecreased  -  owing to  th e  fo rm atio n  o f a  pow erful 

i n h ib i t o r  o f  th e  enzyme. The re d  l i g h t  trea tm en tw as e f f e c t iv e ,  even 

when c a r r ie d  o u t s ix te e n  hours b e fo re  h a rv e s t ,  y e t  i t  could  be 

re v e rse d  by a  subsequent fo u r  m inute tre a tm e n t w ith  in f r a - r e d  l i g h t  -  

p ro v id ed  t h a t  t h i s  was g iven  im m ediately  a f t e r  th e  red  l i g h t  t r e a tm e n t) .  ' 

The observed  g ra d ie n t  in  a u x in -d e s tro y in g  a c t i v i t y  ex tend ing  from th e  

m eristem  in to  th e  e lo n g a tin g  zone has been a t t r ib u t e d  b o th  to  a  g ra d ie n t 

in  i n h ib i t o r  c o n c e n tra tio n  (G a ls to n , 1957) and a ls o  to  a  g ra d ie n t  in  

a c t iv a t o r  l e v e l  ( P i l e t  and G a ls to n , 1955)#

The " a d a p tiv e  fo rm atio n" o f  " i n d o l e a c e t l c ^ i a  -  ox ldaag".

In  a d d it io n  to  assum ing t h a t  th e  c e s s a t io n  o f  e lo n g a tio n  and th e  

o n se t  o f  m a tu ra tio n  in  develop ing  c e l l s  was th e  r e s u l t  o f  an in c re a s e  

in  " in d o le a c e t ie  a c id  -  o x id ase"  a c t i v i t y ,  G a lsto n  andDalberg (1954) 

a ls o  proposed t h a t  t h i s  in c re a s e  was caused by th e  "ad a p tiv e  fo rm ation" 

o f /
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o f  th e  enzyme " in d o le a c e t ie  a c id  -  ox idase" in  response  to th e  con tinued  

supp ly  o f  in d o le a c e t ie  a c id  t r a n s p o r te d  to  th e  t i s s u e  from th e  apex. 

Once s u f f i c i e n t  " in d o le a c e t ie  a c id  -  ox idase" load been form ed, th e  

c e l l  would th en  be i n s e n s i t iv e  to  th e  growth prom oting a c t i v i t y  o f  th e  

au x in  re a c h in g  i t .

These a u th o rs  s ta te d  (G a ls to n  and D alberg , 1954) t h a t ,  " In  o rd e r  

to  e s t a b l i s h  th e  a d ap tiv e  n a tu re  o f  a  p a r t i c u l a r  enzyme, a t  l e a s t  two 

c r i t e r i a  must be f u l f i l l e d  i -

a) I t  must be shown t h a t  th e  rem oval o f  th e  s u b s tr a te  from th e  

medium proceeds slow ly  a t  f i r s t ;  th en  a s  th e  enzyme fo r  t h i s  

s u b s tr a te  i s  form ed, i t s  d isap p earan ce  becomes ra p id .

b) I t  must be shown, in  v iv o , and i f  p o s s ib le  in  v i t r o ,  t h a t  

enzym atic a c t i v i t y  i s  a b sen t o r  low in  th e  absence o f  th e  

s u b s tr a te  and h ig h e r  i n  th ep resen ce  o f  th e  s u b s t r a te .  "

They claim ed a ls o  tohave e s ta b l is h e d  b o th  th e se  f o r  th e  

" in d o le a c e t ie  a c id  -  ox idase"  enzyme in  pea t i s s u e .

The ev idence  f o r  a ) above was as  fo l lo w s ;-  

500 mg. o f  t i s s u e  composed o f  s e c t io n ^ a k e n  from th e  growing zone o f  

th e  3 rd  in te m o d e  o f  8 -day  o ld  e t i o l a t e d  pea seed lingsw ere  in cu b a ted  

in  each o f  8 b eak ers  c o n ta in in g  3 m l. o f  a  s o lu t io n  c o n ta in in g  

in d o le a c e t ie  a c id  (2 x 10"^ M) and d ich lo ro p h en o l (2 x  lO"*  ̂ M) and 

M/60 phosphate  b u f fe r  pH 6 .1 .  At "zero  tim e" and a t  5 m inute 

i n t e r v a l s  t h e r e a f t e r ,  2 m l. a l iq u o ts  were removed from one o f  th e  

b e a k e rs /
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br''.■..err: and re n id u u l in d o le a c e t ie  ac id  determ ined u sin g  th e  Salkowski 

c o le r i  1 0 t r i e  eiethod. A log  p e rio d  o f  10 m inutes was observed  b e fo re  

o n n st o f  ra p id  brcclccoxni. I-Jlicn th e  same p rocedure  was c a r r ie d  

07 .:. I l in g  coot ions t  iîæn from th e  ncn-f/rowinor re g io n  o f  th e  in te rn o d e  

hew e v e r ) no la g  pc %'iod was observed# The f ig u re  p u b lish ed  by G alston  

dalbo ig  i s  reproduced below .

jM o lea & e ilS  aci<L
âeât£us.tion in _ v iv a  byjjraung^ ^ a ^ id iy  
2T% % & .aDdJy: 2 l ( ie x ,^ 0 2 ie r  £rowJji£ 
ej^ icoiyl ^e^tlojiSjk _  lGal!g,t&n_aM 
D albergj, 19141.

O lo 2.0 3 0  ifO 5 0

MIMUTES

The ex p erim en ta l ev idence p u t forw ard by G alston  and D alberg f o r

b) was t h a t  a f t e r  " ro o t ,  stem and t e r a in a l  bud t i s s u e s  o f  th e  e t i o l a t e d
—7

pea s e e d l in g s ” had been in cu b a te d  w ith  lO”  M in d o le a c e t ie  a c id  s o lu t io n  

f o r  a  p e rio d  o f  1 h o u r, th e  " in d o le a c e t ie  a c id  -  ox idase"  a c t i v i t y  o f  

b re ;  made from th e s e  t i s s u e s  was h ig h e r  th a n  th a t  made from c o n tro l  

t i s s u e s .  The o n ly  a c tu a l  r e s u l t s  quoted were th o se  o b ta in e d  u s in g  

te rm in a l  bud t i s s u e s  and a  w ide range o f  " inducing" in d o le a c e t ie  a c id  

c o n c e n tra t io n s . 300 mg. r e p l i c a t e s  o f  t i s s u e  were in cu b a ted  in  10 m l.

V 6 0  /
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î-V̂ 6C pü 6 .1  phosphate  b u f f e r  c o n ta in in g  th e  a p p ro p r ia te  c o n c e n tra tio n  

o f  indolo '.c e tic  ^cld# A f te r  1 hour ■’■he t i s s u e s  were removed from th e  

solutions and ex + rac ts  made from them. ” In d o le a c e tie  a c id  -  o x id ase” 

a c t i v i t i e s  were determ ined j and a ls o  p ro te in  n itro g e n  c o n te n ts . The 

”in d o ls a c e t ic  a c id -o x id a se ” a c t i v i t y  o f  each e x t r a c t  was then  expressed  

in  term s o f  " s p e c i f ic  a c t i v i t y ”  ̂ t h a t  i s ,  in d o le a c e t ie  a c id  d estro y ed  

p o r p r o te in  n itro g e n  p e r  hou r” . An’bptimum c o n c e n tra tio n "  f o r  th e  

in d u c tiv e  e f f e c t  o f  in d o le a c e t ie  a c id  was th e re b y  found -  as shown in  

th e  f ig u r e  reproduced below •

2 %  £elaii^n_b^tw eei\_ ijsd<2laaceii£  
a c id  c o n c e n tra tio n  su p p lied  to  
t i s â ^ â  a M  Iks. â^bseiqjient^indislâ.- 
a c e t ic  ac id _ -_ 02£ id a ^ e _ a c tiy itx . 
iG ^ a ^ n _ a a â  fiaih£r£,_125Â )x

•ool 003 *ot -03 I 3 I 

TAB C O N C E N T R A T I O N

( Ï  / ml.)

G alsto n  and D alberg s ta te d  t h a t ,  "P ro te in  le v e ls  rem ained c o n s ta n t ,  so 

t i ia t  th e  a l t e r e d  a c t i v i t i e s  shown in  th e  f ig u re  (see  above) must 

r e p re s e n t  th e  fo rm ation  o f  e n zy m a tica lly  a c t iv e  p ro te in ' . They 

a ls o  s ta te d  t h a t  th e  in d u c tiv e  e f f e c t  o f  in d o le a c e t ie  a c id  was demon­

s t r a t e d  a ls o  " in  vivo" -  b u t no d e t a i l s  were g iv en .

On th e  assum ption t h a t  endogenous in d o le a c e t ie  a c id  a ls o  produced 

enzyme a c t i v i t y  a d a p tiv e ly  — a  prem ise which was in cap ab le  o f  d i r e c t  

p r o o f /



-4 4 -

p ro o f  d is p ro o f  -  G a ls to n  and D alberg  ex tended  t h e i r  id e a s  on th e  

s u b je c t  o f  th e  p h y s i.o lo g ic a l r o le  o f  " in d o le a c e t ie  a c id  -  o x id ase"  to  

In c lu d e  n o t o n ly  th e  phenomenon o f  ag ing  ( t h a t  i s  "d ec reased  s e n s i t i v i t y  

to  a p p lie d  a u x in " ) , b u t a ls o  th e  phenomena o f  a p ic a l  dominance and endo- 

enous rhythm s. In  a p ic a l  dominance f o r  exam ple, th e y  su g g ested  t h a t  

th e  grow th o f  l a t e r a l  buds was in b ib i tè d  by th e  in d o le a c e t ie  a c id  passed  

back  to  them by th e  a p ic a l  bud. T h is aux in  was th o u g h t to  cause  th e  

a d a p tiv e  fo rm atio n  o f " in d o le a c e t ie  a c id  -  o x id ase"  a c t i v i t y  in  th e  buds, 

th u s  re n d e rin g  them in s e n s i t i v e  to  th e  g row th-prom oting  a c t io n  o f  

f u r t h e r  su p p lie s  o f  In d o le a c e tie  a c id .

The o n ly  o th e r  d i r e c t  e x p erim en ta l ev idence  which m ight be  i n t e r ­

p re te d  a s  su p p o rtin g  G alsto n * s id e a  o f  th e  a d a p tiv e  fo rm a tio n  o f  

in d o le a c e t ie  a c id  -  o x id ase"  was t h a t  o f  Bakhsh- (1956 ). T h is  a u th o r  

showed t h a t  pea  r o o ts  became "adap ted"  to  growing in  s o lu t io n s  o f  

in d o le a c e t ie  a c id .  Thus, when t r a n s f e r r e d  to  in d o le a c e t ie  a c id  s o lu t io n ,  

t h e i r  grow th r a t e  was in h ib i te d  i n i t i a l l y  b u t  l a t e r  re c o v e re d . S im ila r  

o b se rv a tio n s  were made by B urstrora (1 957 ). Baldish th e n  grew pea s e e d lin g s  

in  w a te r  and in  in d o le a c e t ie  a c id  s o lu t io n  and dem onstra ted  t h a t  th e  

e x t r a c t s  o f  th e " in d o le a c e t ie  a c id  -  grown" ro o ts  p o sse sse d  s ig n i f i c a n t l y  

in c re a s e d  in d o le a c e t ie  a c id  d e s tro y in g  a c t i v i t i e s .

The p re s e n t  work was c a r r ie d  o u t  w ith  a  vievx to  c l a r i f y in g  th e  

p o s i t io n  a s re g a rd s  th e  p o s s ib le  a d a p tiv e  fo rm a tio n  o f  th e  enzyme 

" in d o le a c e t ie  a c id  -  o x id ase"  in  pea  r o o t s .  An a tte m p t was made to  

co n firm /
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confirm  th e  r e p o r t s  o f  G a lsto n  and D alberg  (1954) and Bakhsh (1956) t h a t

th e  in c u b a tio n  o f  t i s s u e s  in  th e  p resen ce  o f  low c o n c e n tra tio n s  o f

in d o le a c e t ie  a c id ,  caused  an in c re a s e  in  th e  " in d o le a c e t ie  a c id  ^  ox id ase"

a c t i v i t i e s  o f  th e  e x t r a c t s  su b seq u e n tly  made from them . The m a te r ia l

and p ro ced u res  used  w ere a lm ost i d e n t i c a l  w ith  th o se  o f  Bakhsh (1956).

Thus e t i o l a t e d  pea p la n t s  were grown in  w a te r  and in  in d o le a c e t ie  a c id  

—7s o lu t io n  10~ g ./m l .  f o r  two d a y s . Aqueous e x t r a c t s  o f  th e  ro o ts  were 

th e n  p re p a re d , and th e ''in d o le a c e t ie  a c id  -  oxidase'* a c t i v i t i e s  o f  th e se  

e x t r a c t s  de term ined  in  r e a c t io n  m ix tu re s  c o n ta in in g  -  in  a d d it io n  to  

th e  enzyme e x t r a c t  and in d o le a c e t ie  a c id  -  o n ly  phosphate  -  c i t r a t e  

b u f f e r  and th e  a c t iv a to r  2^,4 -  d ic h lo ro p h e n o l. A few experim en ts were

a ls o  done to  compare t h e  s o - c a l le d  " in  v iv o "  a c t i v i t y  o f  " in d o le a c e t ie  

a c id  -  grown" and "w ate r -  grown" pea  r o o t s .  The a c t i v i t y  o f  "am bient"

s o lu t io n s  -  from  w hich th e  t i s s u e s  had been removed, was a ls o  t e s t e d .

S ince  th e  a c t i v i t y  o f  th e  e x t r a c t s  p rep a red  from th e  " in d o le a c e t ie  

a c id  -  p r e t r e a te d "  t i s s u e s  was found to  be h ig h e r  th a n  t h a t  o f  th e  "non­

t r e a te d  c o n t r o l s " ,  an e x p la n a tio n  o f  t h i s  d i f f e r e n c e  was sought by com­

p a rin g  th e  i n h ib i t o r  l e v e l s  o f  th e  two ty p es  o f  e x t r a c t .  I t  was 

rec o g n ise d  t h a t  a t  l e a s t  th r e e  o th e r  f a c to r s  m ight have been in v o lv e d , 

nam ely,

1 . a  d i f f e r e n c e  i n  p e ro x id a se  c o n te n t,

2 . a  d i f f e r e n c e  i n  a c t iv a t o r  l e v e l ,

3 . a  d i f f e r e n c e  in  endogenous manganese c o n c e n tra t io n s .

N e v erth e le ss  th e r e  was a lre a d y  a t  l e a s t  some p re c e d e n t f o r  th e  id e a  t h a t  

i n h i b i t o r /
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i n h ib i t o r  l e v e l s  were p a r t i c u l a r l y  im p o rtan t i n  pea t i s s u e s .  Thus, a s  

m entioned p re v io u s ly , th e  p resen ce  o f  th e  i n h ib i t o r  has f r e q u e n tly  been  

dem onstra ted  i n  crude  e x t r a c t s  ( f o r  exanç>le Tang and Bonner 194^1 G a lsto n  

1957) w h ile  v a r i a t io n s  in  i n h ib i t o r  l e v e l  in  e p ic o ty l  t i s s u e s  have been 

found to  ta k e  p la c e  in  resp o n se  to  l i g h t  tre a tm e n ts  (Tang and Bonner,

1948; h illm an  and G a ls to n , 1957).
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C hapter 2 . METHODS

1. .

Seeds o f  Plsum ggtlvuin v a r .  M eteor were soaked in  w a te r  f o r  24 hours

in  a  so ak er o f  th e  ty p e  d e sc r ib e d  by Audus (1956) and germ inated  f o r

48 hours in  earthenw are  seed  pans c o n ta in in g  m o is t, s t e r i l e  sand . The

se e d lin g s  were t r a n s f e r r e d  to  s to n e  ta n k s  c o n ta in in g  e i t h e r  a ) ta p  w a te r

—7o r  b) in d o le a c e t ie  a c id  s o lu t io n  10"* g ./m l .  (made up in  ta p  w a te r ) .

The seeds were suppo rted  J u s t  above th e  l e v e l  o f  th e  c u l tu r e  medium by 

p e r fo ra te d  b a k a l i t e  s h e e ts  th ro u g h  w hich th e  ro o ts  wére th re a d e d . A 

draw ing o f  th e se  ta n k s  w asgiven ' by  Bakhsh (1956)• A f u r th e r  grow th 

p e rio d  o f  48 hours a t  25 i .  0.5^C in  th e  d a rk  was th e n  a llo w ed . The 

w a te r and in d o le a c e t ie  a c id  s o lu t io n  was renewed a f t e r  12 , 24 and 36 

n o u rs .

The t r a % f e r  o f  se e d lin g s  from seed  pans to  ta n k s , th e  renew ing

o f  th e  c u l tu r e  s o lu t io n s  and h a rv e s t in g  were c a r r ie d  o u t u s in g  o n ly  a

weak g reen  l i g h t  -  produced by u s in g  a  15 w a tt  b u lb  and a  Kodak "W ratten

S e r ie s "  OA f i l t e r .

Photographs o f  th e  r o o ts  a t  th r e e  s ta g e s  in  t h e i r  developm ent a re

shown in  f ig u r e s  1 -  3 . The germ inated  se e d lin g s  a re  shown i n  f ig u re  1 .

The p la n t s  in  f ig u re  2 had been grown in  w a te r  ( f ig u re  2a) o r  in  in d o le -

a c e t i c  a c id  s o lu t io n  ( f ig u re  2b) f o r  one day . The r o o ts  o f  th e  l a t t e r

w ere e a s i l y  re c o g n isa b le  s in c e  th e y  were s h o r te r  and s l i g h t l y  b ro a d e r .

They a ls o  showed a  c h a r a c t e r i s t i c  sw e llin g  j u s t  beh ind  th e  apex . The

p la n ts  in  f ig u re  3 had been grown in  w a te r  ( f ig u re  3a) o r  i n  in d o le a c e t ie  

a c id /
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a c id  s o lu t io n  ( f ig u i^ 3 b )  f o r  two d ay s . The ro o ts  o f  b o th  ty p es  o f  

p la n t  had in c re a se d  c o n s id e ra b ly  in  le n g th , w h ile  th e  d i f f e r e n c e s  

m entioned above w ere a g a in  v e ry  s t r i k in g .  The sw e llin g  shown l y  

th e  r o o ts  grown in  in d o le a c e t ie  a c id  s o lu t io n  was however lo c a te d  a t  a  

g r e a te r  d is ta n c e  from  th o  apex th a n  in  th e  one day o ld  r o o t s .
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g

^  . ' r  _

F ig u re  1 . Photograph o f  pea s e e d lin g s  germ inated  f o r  48 hou rs in  

m o is t sand# (A pproxim ately  n a tu r a l  s i z e .  Length o f  

s c a le  = 5 c m .).
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F ig u re  2 a . Photograph o f  pea s e e d lin g s  germ inated  f o r  4^ hours in  

m o is t sand and th en  grown f o r  a  f u r th e r  p e r io d  o f  24 

hours i n  w a te r  -  i n  darkness*  (A pproxim ately  n a tu r a l  

s i s e ) *
M .

F ig u re  2b . Photograph  o f  pea s e e d lin g s  germ inated  f o r  4^ hou rs in

m o is t sand and th e n  grown f o r  a  f u r th e r  p e r io d  o f  24

•“7hou rs in  in d o le a c e t ic  a c id  s o lu t io n  10*" g . /m l .  -  in  

d a rk n e ss . (A pproxim ately  n a tu r a l  s i z e ) .
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^~4j .

r-
F ig u re  3 a « P hotograph  o f  pea  s e e d lin g s  germ inated  f o r  AB h ou rs  in  

m o is t sand and th e n  grown f o r  a  f u r t h e r  p e r io d  o f  AS 

h ou rs  i n  w a te r  -  i n  d a rk n e s s . (A pproxim ately  n a tu r a l  

s i z e ) .

F ig u re  3b. P ho tograph  o f  pea s e e d l in g s  germ inated  f o r  AS h o u rs  i n

m o is t sand and th e n  grown f o r  a  f u r t h e r  p e r io d  o f  48

—7h ours i n  I n d o le a c e t ic  a c id  s o lu t io n  10~ g . /m l .  -  i n  

d a rk n e s s . (A pproxim ately  n a tu r a l  s i z e ) .
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II»  E x.9 W s,U m  .9 l

Aqueous e x t r a c t s  w ere p rep a red  from  th e  r o o ts  o f  p l a n t s  grown in  

a) w a te r  o r  b ) in d o le a c e t ic  a c id  s o lu t io n  (se e  above) by th e  fo llo w in g  

m ethod2-

Whole r o o ts  w ere h a rv e s te d , r in s e d  w ith  d i s t i l l e d  w a te r  and 

b lo t t e d  d ry . One g . sam ples were ground f o r  1 m inute i n  a  m o rta r 

(p re v io u s ly  c h i l l e d  in  th e  deep f r e e z e  f o r  5 m in u tes) w ith  2 m l. 

d i s t i l l e d  w a te r . The e x t r a c t  was p assed  tiirough  2 l a y e r s  o f  cheese  -  

c lo th  w ith  2 w a te r  r i n s e s ,  c e n tr i fu g e d  a t  2 ,500  r .p .m . f o r  30 m inu tes 

and made up to  150 m l. w ith  d i s t i l l e d  w a te r .  The e x t r a c t  was th e n  

s to re d  i n  a  r e f r i g e r a t o r  a t  + 2^0.

I I I .  Q u a n ti ta t iv e  e s t im a tio n  o f  in d o le a c e t ic ,  a c id ,

1 . C o lo r im e tr ic  m ethod.

The method waajLased on a  r e a c t io n  f i r s t  re p o r te d  by Salkow ski 

(1885). He d isc o v e re d  t l i a t  when f e r r i c  i r o n  and a  m in e ra l a c id  (B31) 

were added to  a  s o lu t io n  o f  in d o le a c e t ic  a c id ,  a  p in k  c o lo u r  was 

produced . S ince  a  l i n e a r  r e l a t i o n s h ip  has been  shown to  e x i s t  betw een 

th e  i n t e n s i t y  o f  t h i s  p in k  c o lo u r  and th e  c o n c e n tra tio n  o f  th e  in d o le ­

a c e t ic  a c id  s o lu t io n  -  o v e r a  l im i te d  c o n c e n tra tio n  ran g e  -  th e  r e a c t io n  

may be used  f o r  th e  q u a n t i t a t iv e  e s t im a tio n  o f  in d o le a c e t ic  a c id .

A re a g e n t c o n ta in in g  f e r r i c  c h lo r id e  and c o n c e n tra te d  su lp h u r ic  

a c id  (Salkow ski r e a g e n t)  was used  e x te n s iv e ly  by Tang and Bonner (1947, 

1943) f o r  th e  d e te rm in a tio n  o f  r e s id u a l  in d o le a c e t ic  a c id  in  m easurem ents 

o f /



—

o f  th e  **in d o le a c e t ic  a c id  -  o x id a se ” a c t i v i t y  o f  aqueous e x t r a c t s  o f  

pea t i s s u e s  and an i ii ld e n tic a l method was used  by Bakhsh (1956 ).

However in  t h i s  in v e s t ig a t io n  a  m od ified  re a g e n t c o n ta in in g  p e rc h lo r ic  

a c id  was u se d . T h is i s  f r e q u e n t ly  r e f e r r e d  to  a s  ”S a lp e r  r e a g e n t” 

and h a s , a cco rd in g  to  Gordon and Weber (1951 ), th e  advan tages o f  

in c re a s e d  s e n s i t i v i t y  and s p e c i f i c i t y .  The p ro p o r t io n s  recommended 

by th e s e  a u th o rs  were a s  fo llo w s  2-

2 m l. S a lp e r  re a g e n t 2 1 m l. o f  a  s o lu t io n  c o n ta in in g

(c o n ta in in g  3 m l. o f  0.5M. FeCl^ 0 _ 45 p g . in d o le a c e t ic  a c id .

i n  50 m l. 35% HCIO^)

In  th e  p r e s e n t  in v e s t ig a t io n ,  however, a  d i lu t e d  re a g e n t was p rep a red  

hy add ing  d i s t i l l e d  w a te r  to  th e  S a lp e r  re a g e n t i n  th e  p ro p o r t io n s  o f  

1 p a r t  d i s t i l l e d  w a te r to  4  p a r t s  S a lp e r  r e a g e n t .  To 2 .5  m l. o f  th e  

r e s u l t i n g  s o lu t io n  (w hich w i l l  be r e f e r r e d  to  a s  " d i lu te d  S a lp e r  re a g e n t" )  

was added 0 .5  m l. o f  a  s o lu t io n  c o n ta in in g  from  o -  25 p g . o f  in d o le a c e t ic  

a c id .  The re a so n  f o r  t h i s  change was t h a t  th e  i n i t i a l  c o n c e n tra t io n  o f  

in d o le a c e t ic  a c id  in  th e  r e a c t io n  m ix tu re s  was u s u a l ly  50 p g . in d o le a c e t ic  

a c id  /  m l. w hereas th e  c a l i b r a t i o n  cu rve  f o r  I n d o le a c e t ic  a c id  i s  l i n e a r  

on ly  up to  abou t 30 p g . in d o le a c e t ic  a c id  p e r  sam ple.

The e x p e rim e n ta l p ro ced u re  in  th e  r o u t in e  d e te rm in a tio n  o f  in d o le ­

a c e t ic  a c id  c o n c e n tra t io n  i s  g iven  below 2-

To 2 .5  m l. o f  d i lu t e d  S a lp e r  re a g e n t (U n d ilu ted  S a lp e r  re a g e n t 

c o n ta in in g  3 m l. 0.5M. FeGlg in  50 m l. 35% p e rc h lo r ic  a c id  4 p a r t s  : 

d i s t i l l e d  w a te r  1 p a r t )  i n  a  2" x  1" g la s s  specim en tu b e  was added 

0.5 m l. o f  an aqueous s o lu t io n  c o n ta in in g  up to  25 p g . in d o le a c e t ic  

a c id /
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a c id .  The m ix tu re  was shaken im m ediate ly  a f t e r  th e  a d d it io n  and th e  

c o lo u r  a llow ed  to  develop  a t  room tem p era tu re  in  d i f f u s e  d a y lig h t  

( th e  c o lo u r  was found to  fad e  r a p id ly  i n  b r ig h t  s u n l ig h t)  f o r  a  minimum 

p e rio d  o f  1 hour (and a  maximum o f  2^ h o u rs ) , and th e  abso rbancy  rea d  

a t  525 mp u s in g  a  "Unicam S .P . 350 D if f r a c t io n  G ra tin g  S pec tropho tom eter" , 

A "b lan k "  p rep a red  by add ing  0 .5  mli, d i s t i l l e d  w a te r  to  2 .5  m l. d i lu te d  

S a lp e r  re a g e n t was used  a s  a  s ta n d a rd  f o r  each re a d in g .

"W avelength-absorbancy" c u rv e s , d a ta  f o r  th e  r a t e  o f  c o lo u r  develop­

ment and a  c a l ib r a t io n  curve  f o r  s y n th e t ic  in d o le a c e t ic  a c id  a re  g iv en  

u nder " R e s u l ts " ,  S e c tio n  I .

2 . C hrom atographic m ethod.

20 m l. o f  r e a c t io n  m ix tu re  ( f o r  d e t a i l s  o f  th e  com position  o f  th e  

r e a c t io n  m ix tu res  and c o n d it io n s  o f  in c u b a tio n  see  " R e s u lts " ,  S e c tio n  I )  

was a c i d i f i e d  to  pH 3 .0  by th e  a d d i t io n  o f  0 .2  m l. NHCl. I l ^ a s  th e n  

shaken 3 tim e s  f o r  10 m inu tes w ith  40 m l. d i e th y l  e th e r .  The e x t r a c t  

was d r ie d  o v e rn ig h t o v e r s o l id  sodium su lp h a te  a t  - 14^G.

The e th e r  e x t r a c t  was e v ap o ra ted  to  d ry n ess  under reduced  p re s s u re .  

The r e s id u e  was ta k e n  up in  0 .5  m l. m ethanol and sp o tte d  on 41*5 cm. x  

46 cm. s h e e ts  o f  Whatman No. 1 f i l t e r  p ap er -  u s in g  f in e  g la s s  c a p i l l a r y  

tu b e s .  "M arker sp o ts "  o f  s y n th e t ic  in d o le a c e t ic  a c id  d is s o lv e d  in  

m ethanol were a p p lie d  s im i l a r ly .

30 m inu tes was a llow ed  f o r  e q u i l ib r a t io n  and th e  chrom atogram s 

were developed  in  one d i r e c t i o n  by th e  descend ing  tec h n iq u e  u s in g  th e  

a lk a l in e  s o lv e n t* -
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iso p ro p a n o l 80 )
)

w a te r  15 ) f o r  16 hours
)

ammonia 2 )

( The n e u t r a l  s o lv e n tx -

is o b u ta n o l 80 )
)

m ethanol 5 ) was a ls o  used  in  q u a l i t a t iv e

w a te r  15 )

ex p erim e n ts . The developm ent tim e was a g a in  16 H ours).

When d ry  th e  chrom atogram s w ere sp rayed  w ith

S a lp e r  r e a g e n t . 1 . m l. 0 .5  M. FeCl^ in  50 m l. 35% HCIO^.

( In  q u a l i t a t i v e  e x p erim en ts ,

F h r l ic h  r e a g e n t . 1% p -d im ethy l-am ino-benzaldehyde  in  N. HCl.

and Van Eck r e a g e n t . 5% b e n z id in e  i n  a c e t i c  a c id  were a ls o  used  ) .

The q u a n t i t i e s  o f  lAA p re s e n t  were de te rm ined  by m easuring  th e  a re a  

o f  th e  IÂA s p o ts  u s in g  a  p lan im ete r*

IF . 1 . L B t.e n n ln a tl.o n  o f  th e  " In d o le a c e t ic  a c id  -  o x id ase"  a c t i v i t y

o f  enzyme e x t r a c ta ;

The " in d o le a c e t ic  a c id  -  o x id ase"  a c t i v i t y  o f  th e  enzyme e x t r a c t s

was de te rm ined  in  r e a c t io n  m ix tu re s  w hich c o n ta in e d  -  i n  a d d it io n  to

enzyme and s u b s t r a te  -  b u f f e r  s o lu t io n  and 2 ,4 -d ic h lo ro p h e n o l. D etfid ls

o f th e  com position  o f  th e  r e a c t io n  m ix tu res  a re  g iv en  under " R e s u lts " ,

S e c tio n s  I ,  I I ,  I I I  and

The r e a c t io n  was c a r r ie d  o u t i n  b o i l in g  tu b e s  h e ld  in  a  w a te r  b a th  

m a in ta in e d /
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m ain ta in ed  a t  25°C* Enzyme e x t r a c t  and b u f f e r  were in cu b a te d  in  th e  

w a te r  b a th  f o r  a  p e r io d  o f  15 m inu tes b e fo re  th e  a d d i t io n  o f  th e  2^4- 

d ic h lo ro p h e n o l and in d o le a c e t ic  a c id  a t  "zero  t im e " . 2 ^ 4 -d ic h lo ro -  

pheno l was n o t in cu b a te d  w ith  th e  enzyme on accoun t o f  th e  r e p o r t  o f  

Fuiuya and G als to n  (1959) t h a t  p r i o r  in c u b a tio n  o f  th e  enzyme w ith  2 ,4 -  

d ic h lo ro p h e n o l, a t  l e a s t  under c e r t a i n  c o n d it io n s ,  le d  to  an  i n h ib i t io n  

o f  th e  in d o le a c e t ic  a c id  o x id a t io n .  The 2 ,4  -  d ic h lo ro p h e n o l and 

in d o le a c e t ic  a c id  s o lu t io n s  were p rep a red  s e p a r a te ly  and n o t a s  one 

s o lu t io n  ( c f .  Bakhsh, 1956).

R eac tio n  m ix tu res  were sam pled a t  "zero  tim e" and a t  v a r io u s  i n t e r ­

v a ls  t h e r e a f t e r  ( f o r  sam pling i n t e r v a l s  and p e r io d s  o f  in c u b a tio n  see  

" R e s u lts " ,  S e c tio n s  I ,  I I ,  I I I  and V I .)  The c o n c e n tra tio n  o f  in d o le a c e t ic  

a c id  in  th e  sam ples was de te rm ined  by a  c o lo r im e tr ic  method ( f o r  w hich 

th e  volume o f  th e  sample ta k e n  was 0 .5  m l.)  o r  a  ch rom atograph ic  method 

(volume o f  sam ple 20 m l .) ,  (See "M ethods", S e c tio n s  I I I - l  and I I I - 2 )

2 . D e te rm in a tio n  o f  th e  a c id  -  Qxi.dae.e!!--Activitg

o f  whole r a o t s .

The " in d o le a c e t ic  a c id  -  o x id ase"  a c t i v i t y  o f  whole ro o ts  w hich 

had been h a rv e s te d  from  e t i o l a t e d  pea s e e d lin g s  grown a s  d e sc r ib e d  

under "M ethods", S e c tio n  I ,  was d e te rm in ed . In  a d d i t io n  th e  ro o ts  

o f  p la n ts  w hich had been grown f o r  1 day and 3 days were a ls o  used 

(See " R e s u l ts " ,  S e c tio n  IV ).

12 r o o ts  o f  any one ty p e  w ere h a rv e s te d  and suspended in  a  20 m l. 

q u a n ti ty  o f  a  m ix tu re  w hich c o n ta in e d * -



15 m l. phosphate  -  c i t r a t e  b u f f e r  pH 4 .0 .

2 .5  m l. in d o le a c e t ic  a c id  s o lu t io n  4 x  10“^  g . /m l .

2 .5  m l. 2 ,4 -d ic h lo ro p h e n o l s o lu t io n  4  x  lO""^ g . /m l .

The o n ly  d i f f e r e n c e  betw een t h i s  m ix tu re  and th e  r e a c t io n  m ix tu re  

u sed  in  th e  d e te rm in a tio n  o f  th e  in d o le a c e t ic  a c id  o x id ase  a c t i v i t y  o f  

th e  enzyme e x t r a c t s  was t h a t  h e re  15 m l. b u f f e r  was p re s e n t  in s te a d  o f  

5 m l. b u f f e r  and 10 m l. enzyme e x t r a c t .  The in c u b a tio n  was c a r r ie d  o u t 

a t  la b o ra to ry  tem p era tu re  in  2" x  1" g la s s  specim en tu b e s .  The ro o ts  

were th re a d e d  on to  a  t h in  w ire  abou t 4*5" lo n g . (The w ire  was pushed 

th rough  th e  ends f u r t h e s t  from th e  ro o t  a p ic e s ) .  The w ire  w ith  th e  

a tta c h e d  r o o ts  was b e n t in to  th e  form  o f  a  loop  and th e  f r e e  ends h inged  

on to  th e  edge o f  th e  specim en tu b e  so t h a t  th e  r o o ts  were su p p o rted  and 

immersed i n  th e  s o lu t io n  up to  a  l e v e l  j u s t  below th e  w ire .  Care was 

tak e n  to  see  t h a t  th e  c u t  ends o f  th e  ro o ts  d id  n o t  come in to  c o n ta c t  

w ith  th e  s o lu t io n .  At "ze ro  tim e" and a t  i n t e r v a l s  t h e r e a f t e r  ( f o r  

sam pling i n t e r v a l s  and p e r io d s  o f  in c u b a tio n  see  " R e s u l ts " ,  S e c tio n  IV ), 

0 .5  m l. sam ples o f  th e  s o lu t io n  were removed and th e  in d o le a c e t ic  a c id  

c o n c e n tra tio n s  d e te rm ined  c o lo r im e t r ic a l ly  (See "M ethods, S e c tio n  I I I - l ) .

. 3 . D e te rm in a tio n  o f  th e  " in d o le a c e t ic  a c id  -  o x id ase"  a c t i v i t y

o f  "am bient s o lu t io n s "  -  s o lu t io n s  i n  which whole ro o ts  had 

been  in c u b a te d .

The " in d o le a c e t ic  a c id  -  o x id a se "  a c t i v i t i e s  o f  "am bient s o lu t io n s "

-  p rep a red  by in c u b a tin g  th e  r o o ts  o f  e t i o l a t e d  pea  p la n t s  grown a s  

d e s c r ib e d /



1 -

d e sc r ib e d  under "M ethods", S e c tio n  I ,  i n  a  m ix tu re  o f  th e  fo llo w in g  

com position

( 15 m l. phosphate  -  c i t r a t e  b u f f e r  pH 4 .0 .
( j
(2 .5  m l. 2 ,^M iich lo ro pheno l 4  x  10 g . /m l .  

was d e te rm in ed . Twelve r o o ts  o f  any one type  were suspended in  th e  

m ix tu re  a s  d e sc r ib e d  under "M ethods", S e c tio n  IV - 2 .  A f te r  p e r io d s  

o f  1 h o u r , 3 hours and 24 h o u rs , 4#4 m l. q u a n t i t i e s  o f  th e  "am bient 

s o lu t io n "  were removed and 0 .6  m l. in d o le a c e t ic  a c id  s o lu t io n  4  x  10*^ 

g ./m l .  added to  each . (T h is  gave a  r e a c t io n  m ix tu re  i n  w hich th e  

c o n c e n tra t io n s  o f  b u f f e r ,  2 ,4 -d ic h lo n )  p heno l and in d o le a c e t ic  a c id  

were a p p ro x im a te ly  th e  same a s  i n  th e  r e a c t io n  m ix tu re  used  in  th e  

ex p erim en ts  d e sc r ib e d  in  th e  p re v io u s  su b s e c tio n  ("M ethods", S e c tio n  

IV -  2 ) .  At "zero  tim e" -  t h a t  i s  im m ed ia te ly  fo llo w in g  th e  a d d i t io n  

o f th e  in d o le a c e t ic  a c id  s o lu t io n  -  and a t  i n t e r v a l s  t h e r e a f t e r  ( f o r  

sam pling i n te r v a l s  and p e r io d s  o f  in c u b a tio n  see  " R e s u lts " , S e c tio n  V ),

0 .5  m l. sam ples o f  th e  s o lu t io n  were removed and th e  in d o le a c e t ic  a c id  

c o n c e n tra tio n s  de te rm ined  c o lo r im e t r ic a l ly  (See"M ethods", S e c tio n  I I I - l ) .  

(* In  a  f u r t h e r  experim en t -  i n  w hich o n ly  r o o ts  grown in  w a te r  were 

used , th e  e f f e c t  o f

1 /  d e c re a s in g  th e  number o f  r o o t s  to  6 p e r  specim en tu b e  and 

2 /  in c re a s in g  th e  2 ,4 -d ic h lo ro p h e n o l c o n c e n tra t io n  to  lO " g . /m l .  

was d e te rm in e d . The a c t i v i t y  o f  th e  "am bient s o lu t io n s "  was de te rm ined  

a f t e r  a  p e r io d  o f  24 h o u rs , a s  d e s c r ib e d  above. )



F. 1. Qf__the_engyme extracts by high-sneed œnt.rlfiwinp.
Samples o f  enzyme e x t r a c t  were c e n tr ifu g e d  a t  10 ,000 r.p .m * f o r  

20 m inu tes a t  lO^C in  a  r e f r i g e r a t e d  c e n t r i f u g e .

2 . ,p £ . . j ^ f e e . J t S L ,

Samples o f  enzyme e x t r a c t  w ere d ia ly s e d  in  d i a l y s i s  s a c s  made from

10 -  15 cm. le n g th s  o f  V isk ing  seam less c e l lu lo s e  tu b in g  ^  i n  d ia m e te r .

The tu b in g  was th o ro u g h ly  w e tte d  w ith  d i s t i l l e d  w a te r  b e fo re  u se  and th e  

two ends o f  each  sac  were t i e d  w ith  c o t to n .  The sa c s  were immersed in  

w a te r  i n  b e a k e rs  o f  1 l i t r e  c a p a c i ty ,  which were p la c e d  in  a  r e f r i g e r a t o r  

a t  +2°G f o r  3 d ay s.

V l . l .P r e n a r a t lo n  o f  i n h ib i t o r  s o lu t io n s  from th e  en2m e ..e x tra g tè e a s  bv 

b o i l i n g .

25 m l. q u a n t i t i e s  o f  th e  enzyme e x t r a c t s  w ere p la c e d  in  50 m l.

b eak e rs  and b o i le d  f o r  a  p e r io d  o f  5 m in u te s . The b o ile d  e x t r a c t s  w ere

th en  a llow ed  to  c o o l down to  la b o ra to ry  tem p era tu re  and made up to  

volume (25 m l.)  w ith  d i s t i l l e d  w a te r . These w ere th e n  used  a s  i n h ib i t o r  

p re p a ra t io n s .

2 . P re p a ra t io n  o f i n h ib i t o r  s o lu t io n s  from th e  enzyme e x t r a c t s  M  

s e i t s  f i l t r a t i o n .

25 m l. q u a n t i t i e s  o f  th e  enzyme e x t r a c t s  w e r^ a s s e d  th rough  a  

a e i tz  f i l t e r  pad i n  o rd e r  to  remove any b a c t e r i a  p r e s e n t .  The f i l t r a t e s

o b ta in ed  w erefound to  be devo id  o f  enzyne a c t i v i t y ,  andwere used  a s  
in h ib i to r  p r e p a r a t io n s .
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3 . Prpaaration o f  inhibitor aolutlona from th a  ewpma  e x t r a c t s

t e

The tec h n iq u e  used  f o r  u l t r a f i l t r a t i o n  was th e  one d e sc r ib e d  t e  

Sm ith (1 9 5 8 ), The enzyme e x t r a c t s  were p la c e d  i n  " th im bles" made from  

V isk ing  seam less c e l lu lo s e  tu b in g  and th e  u l t r a f i l t r a t e  o b ta in e d  by 

suck ing  th e  w a te r  and d is s o lv e d  su b s ta n c e s  o f  sm a ll m o lecu la r w eigh t 

th rough  th e  membrane by re d u c in g  th e  p re s su re  around th e  th im b le .

T h is wasdone by a t ta c h in g  an  ev acu a ted  d e s ic c a to r  to  th e  system .

The a p p a ra tu s  used  i s  shown i n  f ig u r e  4* A p ie c e  o f  th e  c e l lu lo s e  

tu b in g , (ap p ro x im a te ly  10 cm. lo n g  and in  d ia m e te r ) ,  m o istened  w ith  

d i s t i l l e d  w a te r , was s e a le d  a t  one end by a  k n o t. The o th e r  end was 

th en  s l ip p e d  over th e  end o f  a  p ie c e  o f  g la s s  tu b in g  w hich p assed  

th ro u g h  a  ru b b e r bung in to  th e  g la s s  " e v a p o ra tin g  tu b e"  w ith  th e  s id e  

arm. I t  was Secured i n  p o s i t io n  w ith  a  le n g th  o f  c o t to n .  The enzyme 

e x t r a c t  was th en  p la c e d  in  th e  c e l lu lo s e  tu b in g  u s in g  a  p i p e t t e  and th e  

vacuum tu rn e d  on m om entarily  betw een each  sm a ll a d d it io n  -  th u s  i n f l a t i n g  

th e  membrane. When th e  th im b le  was f u l l ,  th e  end o f  th e  g la s s  " f i l l i n g  

tu b e"  was c o n n ec ted , e i t h e r  by means o f  ru b b e r  tu b in g  o r  o f  p o ly th en e  

tu b in g , to  th e  sm a ll g la s s  tu b e  c o n ta in in g w a te r . The vacuum was th en  

tu rn ed  on , and , p ro v id ed  t h a t  th e r e  were no le a k s  in  th e  system  ( th e

l a t t e r  in d ic a te d  by a  flow  o f  a i r  b u b b les  th ro u g h  th e  w a te r  i n  th e  sm a ll

tu b e ) ,  th e  a p p a ra tu s  was l e f t  f o r  s e v e ra l  hours -  th e  vacuum i n  th e

d e s ic c a to r  b e in g  renewed from  tim e  to  tim e . About 0 .5  to  1 .0  m l. o f

u l t r a f i l t r a t e  was th u s  o b ta in e d  a f t e r  abou t 3 h o u rs .
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C hap ter 3 . RESULTS

N ote. T hroughout t h i s  c h a p te r s -

1# In d o le a c e t ic  a c id  i s  a b b re v ia te d  to  ” IAA" and 2 ,4 -

d ic h lo ro p h e n o l to  "DCP".

2 , The symbol (A) r e f e r s  t o  an  enzyme e x t r a c t  made from

th e  r o o ts  o f  e t i o l a t e d  pea  s e e d lin g s  grown f o r  2 days

in  w a te r  and th e  symbol (B) r e f e r s  to  an  enzyme e x t r a c t

made from  th e  ro o ts  o f  e t i o l a t e d  pea  s e e d lin g s  grown

f o r  2 days in  lAA s o lu t io n  10“  g ./m l .

3* % e n  draw ing th e  g rap h s two d i f f e r e n t  s c a le s  were used  

on th e  a b s c is s a  when t h i s  re p re s e n te d  "tim e in  m in u tes” .

These were a s  fo l lo w s î -

1 cm# = 5 m in u tes . S e c tio n  I

S e c tio n  I I  

S e c tio n  I I I

S e c tio n  BT 

S e c tio n  V

/ 1 cm» = 10 m in u te s . S e c tio n  V I.

The s c a le  on th e  o rd in a te  when t h i s  re p re s e n te d  

"absorbancy  a t  525 mji" was n o t v a rie d #
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I .  A COMPARISON OF THE ''lAA-OXIDASE'' ACTIVITIES OF EXTRACT (A) MADE 

FROM THE ROOTS OF ETIOLATED PEA SEEDLINGS GROWN FOR 2 DAYS IN 

WATER AND EXTRACT (B) MADE FROM THE ROOTS OF ETIOLATED PEA SEED­

LINGS GROWN FOR 2 DAYS IN lAA SOLUTION lO "^ G . /k l .

C om atriaon o f  th e  "lA A -oxldaae" a o t l v i t i a a  o f  e x t.ra e ta  (A) and

Mate ft WwAmatriA. mtW»
E x tr a c ts  (A) and (B) w ere p re p a re d  as d e sc r ib e d  u nder "Methods” , 

S e c tio n  I I ,  and t h e i r  "lA A -oxidase" a c t i v i t i e s  compared a t  pH 4 .0  in  

th e  p re sen c e  o f  2 ,4 -d ic h lo ro p h e n o l a s  d e sc r ib e d  under "M ethods",

S e c tio n s  IV -1 . and I I I - l .  In  th e  f i r s t  in s ta n c e ,  r e a c t io n  m ix tu res  id e n t­

i c a l  w ith  th o se  o f  Balchsh (1956) wore used# However i n  a d d i t io n  two 

s l i g h t l y  d i f f e r e n t  r e a c t io n  m ix tu res  w ere p rep a red  in  w hich th e  enzyme 

e x t r a c t  had been  d i lu t e d  f u r th e r  w ith  d i s t i l l e d  w a te r  b e fo re  use*

B efore  d e s c r ib in g  t h i s  experim en t in  d e t a i l ,  th e  r e s u l t s  o f  th re e  

p re lim in a ry  experim en ts w i l l  be given#

Prelj^ i^A arx  £3(320̂ i^ e ^ tx  W avelength-absorbancy c u rv es  f o r  lAA. 

S o lu tio n s  o f  lAA were p re p a re d  c o n ta in in g  10 , 30 and 50 p g . lAA/ml.

0 .5  m l. o f  each was added to  2 .5  m l. d i lu t e d  S a lp e r  re a g e n t and th e  

pinlc c o lo u rs  allow ed to  develop  f o r  1 h o u r. The absorbancy  o f  th e  

s o lu t io n s  was th e n  m easured o v e r th e  w id e s t p o s s ib le  w aveleng th  range  i n  

th e  v i s i b l e  spectrum , re a d in g s  b e in g  ta k e n  a t  10 mp. o r  5 mp. i n t e r v a l s .

The r e s u l t s  over th e  w aveleng th  range  440-590 mp. a re  shown i n  f ig u re  5#

The cu rv es  in d ic a te d  t h a t  w ith  in c re a s e  in  w avelength  th e  abso rbancy  ro se

to  a  maximum which f e l l  i n  th e  re g io n  betw een 510 and 530 mp# In  a l l  

subsequent work abso rbancy  re a d in g s  were made a t  525 mp.
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Figui*e 5 . Graphs to  show th e  r e l a t io n s h ip  betw een th e  a b so rb a n c ie s  o f  

3 s o lu t io n s  (m easured s p e c tro p h o to m e tr ic a l ly ) , and w aveleng th , over th e  

w avelength  range  440 -  590 mp. The s o lu t io n s  were p re p a re d  by adding  

0 .5  m l. o f  an  aqueous s o lu t io n  o f  lAA c o n ta in in g  e i t h e r  5 , 15 o r  25 pg* 

lAA to  2 .5  m l. " d i lu te d  S a lp e r  r e a g e n t” and a llo w in g  th e  p in k  c o lo u r to  

develop  f o r  1 h o u r.
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2.^4 Pr& llm lnai%  eac^e jlaen tjt B ate o f  developm ent and s ta b i l i - ty  o f  th e

p in k  c o lo u r  in  th e  p resen ce  o f  i )  e x t r a c t s  (A) and (B) and i i )  r e a c t io n

m ix tu re s  c o n ta in in g  e x t r a c t s  (A) and (B ).

i )  i& iâ iiu ie à  S a lp e r  re a g e n t was p rep a red  and to  2 m l. o f  t h i s  was

added 0*5 m l. sam ples o f  e x t r a c t s  (A) o r  (B) w hich had th em se lv es  been

d i lu te d  w ith  d i s t i l l e d  w a te r  in  th e  p ro p o r tio n s  1 :1 , fo llo w ed  by 0 .5  m l.

o f  a  s o lu t io n  o f  lAA c o n ta in in g  50 p g . lAA/ml. -  th e  amount o f  e x t r a c t

was th u s  e x a c t ly  th e  same a s  i n  experim en ts in v o lv in g  th e  com plete

r e a c t io n  m ix tu re . To a  f u r th e r  2 m l. o f  u n d ilu te d  S a lp e r  re a g e n t 0 .5  m l.

o f  d i s t i l l e d  w a te r  was added, fo llo w ed  a g a in  by 0 .5  m l. o f  th e  s o lu t io n  o f

lAA c o n ta in in g  50 p g . lAA/ml. A f te r  a  p e r io d  o f  15* 30 , 45 , 60, 75, 90 ,

120 and 150 m inu tes th e  absorbancy  o f  th e p in k  s o lu t io n s  was rea d  a t  525 mp.

The r e s u l t s  a re  shown in  f ig u r e s  6 a , 6b and 6 c . W ith a l l  th r e e  sam ples

th e  absorbancy  reach ed  a  maximum veuLue a f t e r  a  p e r io d  o f  1 hour and rem ained

v i r t u a l l y  c o n s ta n t  f o r  a  f u r th e r  p e r io d  o f  1^ h o u rs . The p resen ce  o f

e x t r a c t s  ( a) and (B) had no e f f e c t  on th e  r a t e  o f  developm ent and fa d in g

o f  th e  c o lo u r  -  o r  on i t s  maximum i n t e n s i t y .  These o b se rv a tio n s  w ere o f

p a r t i c u l a r  i n t e r e s t  s in c e  th e y  showed t h a t  a lth o u g h  th e  crude  pea  ro o t

e x t r a c t s  undoub ted ly  c o n ta in e d  su b s ta n c e s  w hich w ere known to  i n t e r f e r e

w ith  th e  S a lp e r  r e a c t io n ,  th e s e  w ere p re s e n t  i n  to o  low a  c o n c e n tra t io n

to  have any e f f e c t .  ( P l a t t  and Thimann (1956) showed th a -^ e d u c in g

ag en ts  such  a s  a sc o rb ic  a c id  r e ta rd e d  th e  developm ent o f  th e  p in k  c o lo u r ,

w hile c e r t a i n  pheno ls such  a s  c a te c h o l  and r e s o r c in o l  a f f e c te d  n o t th e

r a te  o f  c o lo u r  developm ent, b u t  th e  f i n a l  abso rbancy  v a lu e . On th e  

b a s i s /
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b a s is  o f  th e s e  r e s u l t s  th e y  s ta te d  t h a t ,  "Reducing a g en ts  and po lypheno ls 

a re  so w idesp read  in  p l a n t s ,  and so d r a s t i c  i n  t h e i r  Salkow ski i n t e r f e r ­

ence , t h a t  th e  Salkow ski a s sa y , e i t h e r  in  s o lu t io n  o r  on chromatogramy, 

should  be c o n s id e re d  u n c e r ta in  when one i s  d e a l in g  w ith  any b u t th e  most 

h ig h ly  p u r i f i e d  o f  p la n t  e x t r a c t s ” . )
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F ig u re  6 a . Graph to  show th e  r a t e  o f  developm ent (m easured a s  an

in c re a s e  in  abso rbancy  a t  525 mji.) o f  th e  p in k  c o lo u r  p ro ­

duced in  th e  S a lp e r  r e a c t io n  by 25 pg* lAA -  i n  th e  p resen ce  

o f  enzyme e x t r a c t  (A ).

F ig u re  6b . Graph to  show th e  r a t e  o f  developm ent (m easured a s  an

in c re a s e  in  absorbancy  a t  525 mp.) o f  th e  p in k  c o lo u r

produced i n  th e  S a lp e r  r e a c t io n  by  25 pg# lAA -  in  th e

p re sen c e  o f  enzyme e x t r a c t  (B ).

F igu re  6 c . Graph to  show th e  r a t e  o f  developm ent (m easured a s  an

in c re a s e  i n  absorbancy  a t  525 mp.) o f  th e  p in k  c o lo u r

produced in  th e  S a lp e r  r e a c t io n  by 25 p g . lAAé
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11) 10 m l. o f  each  o f  th e  two r e a c t io n  m ix tu re s  was p rep a red  as  

d e sc r ib e d  on page B2, under ”Bakhsh r e a c t io n  m ix tu re"^  one c o n ta in in g  

e x t r a c t  (a )  and th e  o th e r  e x t r a c t  (B ). 0 .5  m l. sam ples were removed a t

0 , 30 , 60 and 90 m in u te s .a f te r  m ixing and added to  2 .5  m l. d i lu t e d  S a lp e r  

r e a g e n t .  A f te r  a  p e r io d  o f  ^  h r . ,  1 h r . ,  2 h r s . ,  3 h r s . ,  and A h r s .

th e  abso rbancy  o f  th e  p in k  s o lu t io n s  was re a d  a t  525 m|i. The r e s u l t s  

a re  shorn  i n  f ig u re s  7a and 7b. W ith ev ery  sample th e  absorbancy  

reached  a  maximum v a lu e  a f t e r  a  p e r io d  o f  1 hour and rem ained v i r t u a l l y  

c o n s ta n t  f o r  a  f u r th e r  p e r io d  o f  3 h o u rs . No d i f f e r e n c e  in  th e  r a t e s  

o f developm ent and fa d in g  o f  th e  c o lo u r  were th e r e fo re  o b se rv a b le  when 

r e a c t io n  m ix tu res  c o n ta in in g  e x t r a c t s  (A) and (B) were compared o r  when 

th e  m ix tu re s  were sam pled a t  d i f f e r e n t  tim e  i n t e r v a l s .  The maximum 

i n te n s i ty  rec o rd ed  f o r  th e  sample c o n ta in in g  e x t r a c t  (A) was g r e a te r  

than  f o r  t h a t  c o n ta in in g  e x t r a c t  (B) a t  30 m inu tes because th e  r a t e  o f  

breakdown o f  lAA was s lo w e r . On th e  b a s i s  o f  th e s e  r e s u l t s  i t  was 

decided  t h a t  in  a l l  th e  d e te rm in a tio n s  o f  th e  r a t e  o f  breakdown o f  lAA 

here c a r r i e d  o u t ,  th e  a b s o r ^ n c i e s  co u ld  be re a d  o f f  a t  th e  same tim e -  

one hour a f t e r  th e . l a s t  sample had been  ta k e n . T h is  m eant t h a t  in  th e  

m a jo rity  o f  c a se s  th e  tim e a llow ed  f o r  c o lo u r developm ent v a r ie d  from

1 to  2^ h o u rs . (T h is  w a ^ h e n  th e  lAA o x id a t io n  was a llow ed to  p roceed
/

fo r  h o u rs) •



F ig u re  7 a . Graphs to  show th e  r a t e  o f  developm ent (m easured a s  an 

in c re a s e  i n  absorbancy  a t  525 mjji.) o f  th e  p in k  c o lo u r  

produced in  th e  S a lp e r  r e a c t io n  by A d i f f e r e n t  concen­

t r a t i o n s  o f  lAA -  i n  th e  p resen ce  o f  a  r e a c t io n  m ix tu re  

c o n ta in in g  enzyme e x t r a c t  (A ),

The l a r g e s t  q u a n t i ty  o f  lAA ( t h a t  p re s e n t  i n i t i a l l y )  

was 25 jig . The rem ain ing  3 q u a n t i t i e s  were unknown, and 

w ere dependent on th e  amount o f  lAA breakdown w hich had ta k e n  

p la c e  in  th e  r e a c t io n  m ix tu re  a f t e r  30 , 60 and 90 m in u te s .

F iru re  7b. As f ig u r e  7 a , f o r  a  r e a c t io n  m ix tu re  c o n ta in in g  enzyme 

e x t r a c t  (B ),
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P re lim in a ry  experim en t >. C a l ib r a t io n  curve f o r  lAA.

A s e r ie a  o f  lAA s o lu t io n s  was p rep a red  c o n ta in in g  10 , 20 , 30, 4 0 , 

50 , 60 , 70, BO and 90 jig . lAA/ml. T hree 0 .5  m l. sam ples o f  each  were 

ta k e n  and added to  2 .5  m l. a l iq u o ts  o f  d i lu te d  S a lp e r  r e a g e n t .  The 

a b so rb a n c ie s  o f  th e  p in k  c o lo u rs  produced were th e n  re a d  o f f  a t  525 mji. 

a f t e r  1 h o u r. The r e s u l t s  a re  shown in  f ig u r e  B. The c a l ib r a t io n  

curve produced was ap p ro x im ate ly  l i n e a r  up to  abou t 30 jig . lAA/sample 

b u t became i n f l e c t e d  a t  h ig h e r  lAA c o n c e n tra tio n s . S ubsequen tly  

th e r e fo re  lAA was e s tim a te d  in  c o n c e n tra tio n s  up t o ,  b u t  n o t  ex ceed in g , 

25 jig» lA A /sam pls.
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F ig u re  8 . C a l ib r a t io n  cu rve  o f  lAA o v e r th e  range  0-45 pg* lAA/sample, 

(The p o in ts  r e p re s e n t  av erag e  v a lu e s  from  3 sam ples. The 

co n tin u o u s  l i n e  r e p r e s e n ts  th e  graph o b ta in e d  from th e  

r e g r e s s io n  e q u a tio n  t Y = -0 .0 0 7  + 0 .02108  X .)
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Experajaent-to compare the "lAA^oxidaae" aetlT lties of extracts (A) and (B).

2-day  o ld e e t io la t e d  pea p la n t s  were grown a s  d e sc r ib e d  under "M ethods” , 

S e c tio n  ! •  The r o o ts  were h a rv e s te d  and s ix  I g .  sam ples weighed o u t -  

th r e e  c o n s is t in g  o f  r o o ts  grown i n  w a te r  and th re e  o f  r o o ts  grown in  

lAA s o lu t io n .  E x tr a c ts  ( ^ ) ,  (A^) and (A^) were p re p a re d  from th e  fo rm er 

and (B^) ,  (B^) and (B^) from th e  l a t t e r ,  a s  d e sc r ib e d  under "Methods” , 

S e c tio n  I I .  The "lA A -oxidase” a c t i v i t i e s  o f  th e s e  e x t r a c t s  were th e n  

de te rm ined  in  r e a c t io n  m ix tu res  w hich had th e  fo llo w in g  c o m p o s itio n :-

i )  JlBfil<Ji3ii”_ r e a £ t ip n  g % tu r& .

Enzyme e x t r a c t  (A) o r  (B) : k  p a r t s .

P h o s p h a te - c i t r a te  b u f f e r  pH 4 .0  : 2 p a r t s .

DC? 4  X 10*"^ g . /m l .  : 1 p a r t .

lAA 4  X 10"^g. /m l .  : 1 p a r t .

i i )  As i )  b u t  th e  enzyme e x t r a c t s  (A) and (B) w ere d i lu te d  w ith

d i s t i l l e d  w a te r  b e fo re  u se  i n  th e  p ro p o r tio n s  1 p a r t  enzyme e x t r a c t

: 1 p a r t  d i s t i l l e d  w a te r .

i i i )  As i )  b u t  th e  enzyme e x t r a c t s  (A) and (B) w ere d i lu te d  w ith

d i s t i l l e d  w a te r  b e fo re  u se  i n  th e  p ro p o r tio n s  1 p a r t  enzyme e x t r a c t

% 3 p a r t s  d i s t i l l e d  w a te r .

The i n i t i a l  c o n c e n tra t io n  o f  DCF and lAA in  th e s e  r e a c t io n  m ix tu re s  

was 5 X 10*“^ g . /m l .  o r  50 p g ./m l.  D e ta i ls  o f  th e  method o f  in c u b a tio n  

o f th e  r e a c t io n  m ix tu re s  and c o lo r im e tr ic  d e te rm in a tio n  o f  r e s id u a l  lAA 

c o n c e n tra tio n  a re  g iv en  under ”M ethods” , S e c tio n s  IV-1 and I I I - l ,



i )  10 m l. amounts o f  6 r e a c t io n  m ix tu re s  were made u p , each  c o n ta in in g  

one o f  th e  6 d i f f e r e n t  e x t r a c t s ,  and th e  r a t e  o f  lAA d e s t r u c t io n  in  each  

d e te rm in ed . The r e a c t io n  m ix tu res  were sampled a t  "ze ro  tim e ” and a t  

10 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  1 h o u r. The r e s u l t s  a re  

shown in  f ig u r e s  9 a , 9b , and 9 c , i n  w hich absorbancy  has been  p lo t te d  

d i r e c t l y  a g a in s t  t im e . The v a lu e s  f o r  an e x t r a c t  o f  th e  ”A” group have 

been p lo t t e d  a lo n g s id e  th o se  o f  an  e x t r a c t  o f  th e  ”B” group f o r  th e  sake 

o f  convenience in  d em o n s tra tin g  th e  d i f f e r in g  r a t e s  o f  r e a c t io n  in  th e  

two groups -  though any member o f  th e  ”A” group co u ld  j u s t  a s  w e ll  have 

been p lo t te d  a lo n g s id e  any one o f  th e  th re e  i n  th e  "B” g roup .

A ll th e  g raphs showed t h a t  th e  breakdown o f  lAA was slow a t  f i r s t  

and in c re a s e d  u n t i l  a  maximum r a t e  was a t t a in e d .  Breakdown was th e n

l in e a r  : j i t h  tim e  -  u n t i l  th e  end o f  th e  r e a c t io n  -  w hich d id  n o t ap p ea r ^

to  go to  c o m p le tio n . In  some g raphs a  slow ing down tow ards th e  end o f  

th e  r e a c t io n  was in d ic a te d .  However t h i s  was n o t  to  be observed  i n  th e  

graphs f o r  (B^) o r  (B^) and i t  seemed l i k e l y  t h a t  t h i s  e f f e c t  was a p p a re n t 

r a th e r  th a n  r e a l  -  r e s u l t i n g  from  th e  f a c t  t h a t  r e s id u a l  lAA was d e te r ­

mined o n ly  a t  10 m inute i n t e r v a l s .

A com parison  o f  th e  g raphs i n  th e  ”A” s e r i e s  w ith  th o se  in  th e  ”B” 

s e r ie s  re v e a le d  c e r t a i n  c o n s i s te n t  d i f f e r e n c e s .  Thus th e  tim e tak e n  f o r

th e  r e a c t io n  to  " re a c h  co m p le tio n ” was lo i/e r  in  th e  ”B” s e r i e s  th a n  i n  th e  

"A” s e r i e s .  A rb i t r a ry  e s t im a te s  o f  t h i s  tim e were made a s  f o l lo w s : -



K o'ttod f o r  d e te rm in in g  v a lu e s  f o r  th e  "tim e ta ltsn  f o r  tJ).e r e a c t io n  to  

re a c h  c o m p le tio n " .

The l i n e  on th e  g raph  whose s lo p e  ro p re s e n te d  th e  maximum r a t e  o f  

th e  r o a c t io n  was ex tended  fo rw ards tow ards th e  a b s c is s a .  A l i n e  

p a r a l l e l  to  th e  a b s c is s a  was th en  drawn a t  th e  l e v e l  o f  absorbancy  

o b ta in e d  a t  th e  l a s t  sam pling i n t e r v a l  (h e re  th e  60 m inute i n t e r v a l ) .

The p o in t  o f  i n t e r s e c t i o n  o f  th e s e  l i n e s  was found., and th e  c o o rd in a te  

o f t h i s  p o in t  on th e  tim e a x is  re a d  o f f  -  i n  m in u te s .

The r e s u l t s  a re  shown i n  t a b le  1 below .

V alues f o r  th e  "tim e ta k e n  f o r  th e  r e a c t io n  to  re a c h  com pletion" 

e s tim a te d  from  f ig u r e s  9 a , 9b , and 9 c .

E x tra c t
P re se n t

Time ta k e n  f o r  r e a c t io n  to  
re a c h  com pletion  (m inu tes)

E x tr a c t
P re se n t

Time ta k e n  f o r  r e a c t io n  to  
re a c h  com pletion  (m inu tes)

(A^) 35 . 25 (B ,) 30 . 50

(A p 34 . 75 (Bg) 25 . 50

(A3 ) 34 . 75 (S3 ) 3 1 ^. 00

A ”t ” t e s t  in d ic a te d  th a y th e  d i f f e r e n c e  observed  betw een th e  v a lu e s

in  th e  "A" group (mean 34 .92) and th o se  i n  th e  "B" group (mean 30 .00)

was s t a t i s t i c a l l y  s i g n i f i c a n t .  ( t  = 6 .302  w ith  4  d e g re es  o f  freedom .

Cf. 1% v a lu e  o f  t  = 4 .6 0 4 ) .

In  o rd e r  to  d e te rm in e  w hetlier t h i s  d i f f e r e n c e  betw een th e  " tim es

talcen f o r  th e  r e a c t io n  to  re a c h  com pletion" in  th e  two groups was due to  

a d i f f e r e n c e  i n  th e  le n g th  o f  th e  la g  p e r io d , o r  t o  a  d i f f e r e n c e  in  

th e /
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th e  maximum r a t e  a t t a in e d ,  o r  b o th , e s t im a te s  were o b ta in e d  f o r  th e s e  

a ls o  aS d e sc r ib e d  below .

Method f o r  d e te rm in in g v a lu e s  f o r  th e  le n g th  o f  th e  la g  p e r io d . (H ere 

ta k e n  to  mean th e  tim e in t e r v a l  w hich e la p se d  b e fo re  th e  maximum r a t e  o f  

lAA d e s t r u c t io n  w a s a t ta in e d ) .

The l i n e  on th e  g raph  whose s lo p e  re p re se n te d  th e  maximum r a t e  o f  

th e  r e a c t io n  was ex tended  backw ards tow ards th e  o r d in a te .  A l i n e  

p a r a l l e l  t o  th e  a b s c is s a  was th e n  drawn a t  th e  l e v e l  o f  absorbancy  o b ta in e d  

a t  th e  f i r s t  sam pling  i n t e r v a l  (" z e ro  t im e " ) .  The p o in t  o f  i n te r s e c t io n  

o f  th e s e  two l i n e s  was found , and th e  c o o rd in a te  o f  t h i s  p o in t  on th e  

tim e a x is  re a d  o f f  -  i n  m in u te s .

Method f o r  dRtBrm lnltig v a lu e s  f o r  th e  «nuadranai r a t e  th a

r e a c t io n .

V alues f o r  th e  d e c re a se  i n  abso rbancy  o v e r each  su c c e ss iv e  tim e 

in te r v a l  were o b ta in e d  from th e  o r i g in a l  absorbancy  v a lu e s  by s u b t r a c t io n ,  

and th e  l a r g e s t  f ig u r e  ta k e n  a s  th e  v a lu e  f o r  th e  maximum r a t e  (ex p re ssed  

as change in  abso rbancy /lO  m in u te s ) .

The r e s u l t s  o b ta in e d  a re  shown in  t a b le s  2 and 3 below .



ya b le  2 . V alues f o r  th e  le n g th  o f  th e  la g  p e rio d  e s tim a te d  from

f ic a ire s  9a , 9h and 9 c .

E x tr a c t
p re s e n t

Length o f  la g
p e rio d  (m inu tes)

E x tra c t
P re se n t

Length o f  la g
p e rio d  (m inu tes)

(A^) 15 .  5 (B^) 10 . 0

(Ag) 15 . 0 (B ,) 8 . 5

(A3 ) 14  * 5 (B3 ) 12 , 0

Table 3 . V alues f o r  th e  "maximum r a t e  a t ta in e d "  i n  th e  r e a c t io n  

o b ta in e d  from th e  d a ta  o f  f ig u r e s  9 a , 9b and 9c {change 

i n  ab so rbancy /lO  m in u te s ) .

E x tra c t
p re s e n t Maximum r a t e E x tra c t

p re s e n t '■Îaîcifflujn rcite

(A^) 4 240 ( s p . 241

(A p . 240 (B p . 250

(A3 ) , 252 (B3 ) . 265

A " t "  t e s t  on th e  d a ta  o f  t a b le  2 shoved t h a t  th e  d i f f e r e n c e  

observed betw een th e  v a lu e s  f o r  th e  le n g th  o f  th e  la g  p e r io d  in  th e  

"A” group (mean 1 5 .0 ) and th o se  i n  th e  ”B" group (mean 1 0 ,2 ) was 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  ( t  = 4*545 w ith  4  d e g re e s  o f  freedom , 

Gf, 5% v a lu e  o f  t  = 2 .7 7 6 ) . A " t "  t e a t  on th e  d a ta  o f  t a b le  3 

however/
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however showed t h a t  th e  d i f f e r e n c e  observed  betw een th e  v a lu e s  f o r  th e  

"maximim r a t e  a t t a in e d "  i n  th e  "A" group (mean .244) and th o se  i n  th e  

"B" group (mean ,252) was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( t  = 0 ,992  

w ith  4  d e g re e s  o f  freedom . O f, 5% v a lu e  o f  t  = 2 ,7 7 6 ) , I t  was 

concluded  th e r e f o r e  t h a t  th e  d i f f e r e n c e  betw een th e  " tim es  ta k e n  f o r  th e  

r e a c t io n  to  re a c h  com pletion" i n  th e  two g roups was due l a r g e ly  to  a  

d i f f e r e n c e  i n  th e  le n g th  o f  th e  la g  p e r io d , (See however th e  a n a ly s is  ' 

o f  f ig u r e s  lO a , 10b and 10c w hich fo llo w s  and a ls o  th e  a d d i t io n a l  d a ta  

g iven  on page 1 7 5 ) ,

Note, îto re  r e l i a b l e  in fo rm a tio n  ab o u t th e  le n g th  o f  th e  la g  p e r io d  and 

th e  maximum r a t e  a t t a in e d  -  f o r  th e  r e a c t io n  m ix tu re s  c o n ta in in g  th e  (B) 

e x t r a c t s  -  co u ld  have been  o b ta in e d  i f  tiie  sam ples had been  ta k e n  a t  5 

m inute i n t e r v a l s .  Thus,

1. An e x am in a tio n  o f  f ig u r e  9b showed t h a t  th e  e s t im a te d  v a lu e  f o r  th e  

maximum r a t e  f o r  e x t r a c t  (B^) was o b v io u s ly  an u n d e re s tim a te  o f  th e  

a c tu a l  maximum r a t e .  The l a t t e r  p ro b ab ly  o c c u rre d  o v e r a  10 m inute 

i n te r v a l  midway betw een 10 and 30 m inu tes and n o t o v e r e i t h e r  th e  10-20 

o r 20-30 m inu te  i n t e r v a l ,

2, N e ith e r  th e  maximum r a t e  n o r  th e  le n g th  o f  th e  la g  p e r io d  co u ld  be 

o b ta in ed  w ith  any d eg ree  o f  c e r t a i n t y  f o r  any o f  th e  3 m ix tu re s  c o n ta in in g  

e x tr a c ts  o f  th e  "B" g ro u p . T h is  was because  th e  10 , 20 and 30 m inute 

absorbancy re a d in g s  a l l  tended  to  be  on a  s t r a i g h t  l i n e ,  w h ile  th e  shape 

of th e  g rap h  o v e r th e s e  i n t e r v a l s  and th e  s lo p e  o f  th e  l i n e  r e p r e s e n t in g  

th e /
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th e  maximum r a t e  m ight have been  found to  he  d i f f e r e n t  i f  th e  15 aM  25 

m inute ab so rb an cy  v a lu e s  had been  a v a i la b le .

i

&
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f ig u r e  9 a , Graphs to  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  enzyme e x t r a c t s  (A^) and (B^) 

Enzyme e x t r a c t s  u n d i lu te d .

F ig u re  9b , As f ig u r e  9 a , Enzyme e x t r a c t s  (A^) and (B ^).

F ig u re  9 c , As f ig u r e  9 a . Enzyme e x t r a c t s  (A^) and (B^)
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11) 10 m l. am ounts o f  6 r e a c t io n  m ix tu re s  w erjnade  up , each  c o n ta in in g

one o f  th e  6 d i f f e r e n t  e x t r a c t s  (w hich had been  d i lu te d  a s  d e s c r ib e d  

under i i )  on page 82), and th e  r a t e  o f  lAA d e s t r u c t io n  in  each  d e te rm in ed . 

The r e a c t io n  m ix tu re s  were a g a in  sam pled a t  "ze ro  tim e" and a t  10 m inu te  

in te i^ v a ls  t h e r e a f t e r  f o r  a  p e r io d  o f  1 h o u r. The r e s u l t s  were p lo t t e d  

a s  b e fo re  and a re  shown in  f ig u r e s  10a, 10b and 10c .

The genera], shape o f  th e  c u rv es  was th e  same a s  t h a t  o b ta in e d  in  

th e  e a r l i e r  p a r t  o f  th e  ex p erim e n t. Itam v er. w 'o u t e x c e p tio n , 1 . th e  

"tim es talcen f o r  th e  r e a c t io n s  to  re a c h  com pletion" were lo n g e r ,  2 . th e  

le n g th s  o f  th e  la g  g e r io d s  w ere g r e a t e r ,  and 3 . th e  maximum r a t e s  a t t a in e d  

were s m a lle r .  E stim a ted  va3.ues f o r  th e  q u a n t i t i e s  m entioned un d er th e s e  

th re e  h e ad in g s  were a g a in  o b ta in e d  a s  d e sc r ib o d  on page 84. and page 285* 

The r e s u l t s  a re  g iv en  i n  t a b l e s  4 , 5 and 6 b e lm f.

T able 1 . V alues f o r  th e  " tim e t-aken f o r  th e  r e a c t io n  to  re a c h  com pletion" 

e s t im a te d  from  f ig u r e s  10a ,  10b and 10c .

E x tra c t
p re s e n t

Time ta k e n  f o r  r e a c t io n  to  
re a c h  co m p le tio n  (m in u tes)

E x tr a c t
p re s e n t

Time ta k e n  f o r  r e a c t io n  to  
re a c h  co m p le tio n  (m in u tes)

(A^) 57  . 00 ( 3 ,) 47  . 50

(A ,) 63 . 00 (B p 45 • 75

(A3 ) 59 e 75 (B3 ) 5 2 . .  00



T able  g . V alues f o r  th e  le n g th  o f  th e  la g  p e r io d  e s t im a te d  from 

f ig u r e s  10a ,  10b and 10c .

E x tr a c t
p ren o n t

Length o f  l a g  
p e rio d  (m in u tes)

E x tra c t
P re se n t

Length o f  l a g  
p e r io d  (m in u tes)

(A ,) 24 . 0 (B3 ) 20 . C

(Ag) 23 . 5 (Bg) 18 . Ü

(A3 ) 21 . 5 (B3 ) 19 . 5

T able  6 . V alues f o r  th e  "maximum r a t e  a t ta in e d "  i n  th e  r e a c t io n  

o b ta in e d  from  th e  d a ta  o f  f ig u r e s  10a ,  10b and 10c .  

(change i n  ab so rb an cy /lO  m in u te s ) .

E x tra c t
p re s e n t Maximiim r a t e E x tra c t

P re s e n t i-Iaxin-um r a t e

(A^) . U S (B^) . 172

(A ,) . 124 (B p . 183

(A3 ) . 128 (B3 ) . 160

A " t"  t e s t  on th e  d a ta  o f  t a b l e  4  a g a in  in d ic a te d  t h a t  th e  

d if f e r e n c e  o b se rv ed  betw een  th e  v a lu e s  i n  th e  "A" group (mean 59.92) 

and th o se  i n  th e  "B" group (mean 4 8 . 42 ) was s t a t i s t i c a l l y  s i g n i f i c a n t  

( t  = 4 .520  w ith  4  d e g re e s  o f  freedom . Of. 5% v a lu e  o f  t  = 2 ,7 7 6 ) .
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A " t"  t e s t  on th e  d a ta  o f  t a b l e s  5 and 6 showed however t h a t  b o th  

th e  d i f f e r e n c e  ob serv ed  betw een th e  v a lu e s  f o r  th e  le n g th  o f  th e  la g  

p e r io d ,  and t h a t  betw een th e  v a lu e s  f o r  th e  "msarimum r a t e  a t ta in e d "  f o r  

th e  "A" s e r i e s  (means 2 3 .0  and .133) and "B" s e r i e s  (means 1 9 .2  and ,172) 

were s ta t i s t i c a 3 .3 y  s i g n i f i c a n t .  (Thus t  = 3 .9 0 7  w ith  4  d e g re e s  o f  free^ ,

dom (d a ta  o f  t a b le  5) and t  = 4 .2 8 7  w ith  4  d e g re es  o f  freedom  (d a ta  o f

t a b l e  6 ) ,  O f. 5% v a lu e  o f  t  = 2 .7 7 6 ) .

(See a ls o  th e  a d d i t io n a l  d a ta  g iv en  on page 175.)

Si . .AC# ;
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y î.m re  1 0 a . Graphs to  show th e  r a t e s  o f  lAA breakdown i n  r e a c t io n  

m ix tu re s  c o n ta in in g  enzyme e x t r a c t s  (A^) and (B^)# 

Enzyme e x t r a c t s  d i lu t e d  w ith  d i s t i l l e d  w a te r  in  

th e  p ro p o r t io n s  1 : 1 .

F i t ’u re  10b. As f ig u r e  1 0a . Enzyme e x t r a c t s  (A^) and (B ^ ).

F if-are  10c « As f i g u r e  10a . Enajnae e x t r a c t s  (A^) and (B ^ ).
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111. 10 ml* am ounts o f  2 r e a c t io n  m ix tu re s  were made u p , one c o n ta in in g  

e x t r a c t  (A^) and one c o n ta in in g  e x t r a c t  (B ^), (w hich had been  d i lu te d  

a s  d e s c r ib e d  u n d er i l i .  on page 8 2 ), and th e  r a t e  o f  lAA d e s t r u c t io n  

In  each  determ ined*  The r e a c t io n  m ix tu re s  w ere sam ples a t  *^zero tim e ” 

and a t  30 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a  p e r io d  o f  3^ h o u rs . The ' 

r e s u l t s  a re  shown in  f ig u r e  11.

Only in  th e  r e a c t io n  m ix tu re  c o n ta in in g  e x t r a c t  (B^) d id  th e  

r e a c t io n  re a c h  com pletion* The la g  p e r lo d s ^ e re  even lo n g e r  th a n  In

11. and th e  maximum r a t e s  a t t a in e d  lo w e r. No a c c u ra te  e s t im a te s  o f  

th e  le n g th s  o f  th e  l a g  p e r io d s  co u ld  be o b ta in e d  -  p a r t l y  on acco u n t 

o f  th e  lo n g e r  sam pling  i n t e r v a l  (30 m inu tes In s te a d  o f  10 m inu tes) 

and p a r t l y  on a cco u n t o f  th e  la c k  o f  a  sharp  b rea k  In  th e  cu rve  f o r  

(A ^). However i t  appeared  l i k e l y  t h a t  th e  la g  p e r io d  f o r  th e  r e a c t io n  

m ix tu re  c o n ta in in g  e x t r a c t  (B^) was s h o r te r  th a n  f o r  t h a t  c o n ta in in g  

e x t r a c t  (A^) * The maximum r a t e s  a t t a in e d  w ere w id e ly  d i f f e r e n t .  The 

v a lu e s  o b ta in e d , e x p re sse d  a s  th e  change in  ab so rb an cy /lO  m in u tes  were 

.017 f o r  (A^) and .052 f o r  (B ^).
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F im ire  1 1 . _ Graphs to  show th e  r a t e s  o f  IM  breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  e x t r a c t s  (A^) and (B^)*

Enzyme e x t r a c t s  d i lu t e d  w ith  d i s t i l l e d  w a te r  i n  

th e  p ro p o r t io n s  1 p a r t  enzyme e x t r a c t  i 3 p ^ r t s  d i s t i l l e d  

w a te r .

rr-r'j y

K#:'' ■>
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2. Cj3mDfl.rla.fin .Qf....the "lAA-oxldaae" ■aatiTi.tlea of extracts (A) and

E x tr a c ts  (A) and (B) w ere p re p a re d  a s  d e s c r ib e d  un d er "M ethods", 

S e c tio n  I I ,  and t h e i r  ”IA A -oxidase” a c t i v i t i e s  compared a t  pH 4*0 in  

th e  p re se n c e  o f  2 ,4 -d ic h lo ro p h e n o l a s  d e s c r ib e d  iinder ’’M ethods” ,

S e c tio n s  IV -1 and I I I - 2 .  R e a c tio n  m ix tu re s  i d e n t i c a l  w ith  th o se  o f  

Bakhsh (1956) w ere u sed  (As d e s c r ib e d  under 1# on page 8 2 ) .

Pr^lim iin& ry gixgerim ent^ To d e te rm in e  w h e th er a c i d i f i c a t i o n  o f  th e  

r e a c t io n  m ix tu re  to  pH 3 .0  s to p p ed  th e  r e a c t io n .  ( In  o rd e r  to  show 

w hether o r  n o t in d o le a c e t ic  a c id  was l i k e l y  to  be lo s td u r in g  th e  

e x t r a c t io n  o f  th e  sam ples o f  r e a c t io n  m ix tu re  w ith  a c id  e t h e r ) .

20 m l. o f  r e a c t io n  m ix tu re  c o n ta in in g  an  e x t r a c t  (A) was made u p . 

Im m ediately  a f t e r  th e  a d d i t io n  o f  th e  lAA, a  0 .5  m l. sam ple was removed 

and added to  a  2 .5  m l. a l i q u o t  o f  d i lu te d S a lp e r  r e a g e n t  -  f o r  th e  

c o lo r im e tr ic  d e te rm in a tio n  o f  lAA c o n c e n tra t io n  a t  ”zero  tim e ” . At 

th e  same tim e  10 m l. o f  r e a c t io n  m ix tu re  was removed and a c i d i f i e d  to  

pH 3 .0  by  th e  a d d i t io n  o f  0 .1  m l. N HCl. B oth  p o r t io n s  o f  th e  r e a c t io n  

m ix tu re  w ere th e n  in c u b a te d  i n  th e  u s u a l  way f o r  1 hour and 0 .5  m l. 

sam ples removed a t  10 m inute  i n t e r v a l s  f o r  r e s id u a l  lAA d e te rm in a tio n . 

The r e s u l t s ,  i n  term s o f  ab so rb an cy  a re  g iv en  i n  t a b l e  7 , below .
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T able  7 . Breakdown o f  lAA shown in  term s o f  d e c re a se  i n  abso rbancy  

in  th e  S a lp e r  c o lo r im e tr ic  t e s t  i n  2 i d e n t i c a l  p o r t io n s  o f  

r e a c t io n  m ix tu re  -  one a t  pH 4#0 and th e  o th e r  a c i d i f i e d  to  

pH 3 .0  w ith  N HCl.

I n t e r v a l  -  
m inu tes

Absor^banov

R e ac tio n  m ix tu re  a t  
pH 4 .0

R e ac tio n  m ix tu re  a t  
pH 3 .0

0 .525

10 .535 .520

20 .46 4 .545

30 .243 .545

AO .067 .545

50 .053 .500

60 .051 .515

LAA breakdown ap p ea red  to  have gone a lm o st to  co m p le tio n  in  th e  

o r i g in a l  r e a c t io n  m ix tu re , b u t  i n  th e  p o r t io n  a c i d i f i e d  to  pH 3 .0 ,  

on ly  a  s l i g h t  d e c re a se  i n  th e  amount o f  lAA p r e s e n t  o c c u rre d .
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E aroeriaen t .to. cQmpaaa.-the " IM -o x M aa e"  a c t i v i t i e s  o f  e x t r a c t s  (A) 

m L i S l .

160 m l. amounts o f  2 "Bakhsh” r e a c t io n  m ix tu re s  w ere made up 

c o n ta in in g  e i t h e r  an  e x t r a c t  (A) o r  an  e x t r a c t  (B ). (F or d e t a i l s  o f  

th e  co m p o sitio n  o f  th e  r e a c t io n  m ix tu re , se e  u n d e r i .  page 82 )*  These 

were in c u b a te d  s im u lta n e o u s ly , a s  d e sc r ib e d  u n d e r "M ethods” , S e c tio n  IV -1 . 

At " z e ro  tim e ” and a t  i n t e r v a l s  o f  1 hour two sam ples w ere removed from  

each  r e a c t io n  m ix tu re  -  one o f  0 .5  m l. f o r  a  c o lo r im e tr ic  d e te rm in a tio n  

o f  r e s i d u a l  lAA (see  "M ethods", S e c tio n  I I I - l )  and 20 m l. f o r  th e  chromato* 

g ra p h ic  d e te rm in a tio n  o f  r e s id u a l  lAA (se e  "M ethods", S e c tio n  I I I - 2 ) .

A " c o n t r o l” experim en t was a ls o  c a r r i e d  o u t  i n  w hich 40 m l. o f  a  

m ix tu re  was made up c o n ta in in g  a l l  th e  components o f  th e  r e a c t io n  m ix tu re , 

w ith  th e  e x c e p tio n  o f  th e  enzyme e x t r a c t  (w hich was re p la c e d  by  d i s t i l l e d  

w a te r ) .  At "ze ro  t im e ” and a f t e r  60 m in u te s , 0 .5  m l. sam ples were 

removed f o r  th e  c o lo r im e tr ic  d e te rm in a tio n  o f  lAA and 19#5 m l. sam ples 

f o r  chrom atography .

In  a d d i t io n  a  s o lu t io n  c o n ta in in g  5 mg. o f  lAA d is s o lv e d  i n  5 m l. 

o f  m ethano l was p re p a re d  and 1 .0  m l . , 0 .5  m l. and 0 .1  m l. o f  t h i s  w ere 

s p o tte d  and chrom atographed to  a c t  a s  "m arkers” -  though  th e s e  chrom ato­

grams were M utually  ru n  i n  a  d i f f e r e n t  ta n k  from  th e  chrom atogram s o f  th e  

e x tr a c te d  m a te r i a l s .  T hese chrom atogram s w ere a ls o  sp ray ed  w ith  S a lp e r  

r e a g e n t .

The r e s u l t s  o f  t h i s  ex p erim en t a re  g iv en  in  f ig u r e s  12 -  15 , and 

ta b le s  8 and 9# F ig u re  12 i s  a  g rap h  showing th e  r a t e s  o f  lAA b rea k ­

down/
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down a s  d e te rm ined  c o lo r in ie t r i c a l l y .  F ig u re  13 i s  a  g raph  showing th e  

r a t e s  o f  lAA breakdown a s  de te rm in ed  by th e  chrom atograph ic  m ethod.

They have been  p la c e d  s id e  hy  s id e  to  f a c i l i t a t e  com parison and th e  

s c a le  o f  f ig u r e  13 was d e l i b e r a t e l y  chosen so t h a t  th e  g rap h s co rresp o n d  

a p p ro x im a te ly  in  s iz e  w ith  th o se  o f  f ig u r e  1 2 . F ig u re s  14a and 14b 

a re  d iag ram s o f  th e  clriromatograms o b ta in e d  f o r  th e  two r e a c t io n  m ix tu re s  

c o n ta in in g  e i t h e r  e x t r a c t  (A) ( f ig u r e  14a) o r  e x t r a c t  (B) ( f ig u r e  1 4 b ). 

F ig u re  14c i s  a  d iagram  o f  th e  chrom atogram  o b ta in e d  f o r  th e  " c o n tro l"  

sam ple o f  r e a c t io n  m ix tu i'e , from  w hich th e  enzyme e x t r a c t  was o m itte d . 

F ig u re  1$ i s  a  d iagram  o f  th e  chrom atogram  o f  th e  lAA "m arker s p o ts " .

The av e rag e  Hf v a lu e s  o f  th e  s p o ts  o c c u rr in g  on th e  chrom atogram s a re  

ta b u la te d  in  t a b le s  8 (F ig u re s  14a , 14b and 14c) and 9 (F ig u re  1 5 ) .

The c o lo u r  r e a c t io n s  o f  th e  s p o ts  w ith  S a lp e r  re a g e n t a re  a l s o  g iv e n .

An ex am in a tio n  o f  f ig u r e  12 showed t h a t  th e  maximum r a t e s  o f  lAA 

breakdown in  th e p re se n c e  o f  e x t r a c t  (A) and o f  e x t r a c t  (B) o c c u rre d  

o v e r th e  same tim e i n t e r v a l  -  from  20 to  30 m inu tes '. A lso th e  v a lu e s  

o b ta in e d  f o r  th e s e  maximum r a t e s ,  e x p re ssed  a s  change i n  ab so rb an cy /lO  

m inu tes w ere s im i la r  ( .2 5 4  f o r  e x t r a c t  (A) and .2 6 7  f o r  e x t r a c t  (B) ) .  

The le n g th  o f  th e  la g  p e r io d  in  th e  p re sen c e  o f  e x t r a c t  (B) was however 

o b v io u s ly  s h o r t e r  th a n  t h a t  in  th e  p re sen c e  o f  e x t r a c t  (A ). These a r e  

th e  r e s u l t s  w hich w ere e x p ec te d  ( t h i s  p a r t  o f  th e  experim en t was id e n t ­

i c a l  w i th  th e  ex p erim en ts  c a r r i e d  o u t u nder i .  i n  th e  f i r s t  p a r t  o f  

t h i s  s e c t io n  ( f ig u r e s  9 a , 9b and 9 c ) .
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An ex am in a tio n  o f  f ig u r e  13 showed t h a t  th e  r a t e  o f  lAA breakdown 

a s  m easured by th e  ch rom atograph ic  method co rresp o n d ed  q u i te  w e l l  w ith  

th e  r a t e  o f  lAA breakdown m easured c o lo r lm e t r io a l ly . The maximum r a t e s  

a t t a in e d  however were s l i g h t l y  d i f f e r e n t ,  t h a t  f o r  th e  r e a c t io n  m ix tu re  

c o n ta in in g  e x t r a c t  (A) b e in g  s low er th a n  t h a t  f o r  th e  one c o n ta in in g  

e x t r a c t  (B ), The le n g th  o f  th e  la g  p e r io d  i n  th e  p re sen c e  o f  e x t r a c t  

(B) was a g a in  s h o r te r  th a n  i n  th e  p resen ce  o f  e x t r a c t  (A ).

The g rap h s  i n  f ig u r e  13 showed a ls o  t h a t  th e  r e a c t io n  (brealcdown 

o f lAA) in  f a c t  w ent to  c o m p le tio n  ( t h i s  was assum ing t h a t  sm a ll amounts 

o f lAA w ere n o t p re s e n t  tow ards th e  ends o f  th e  r e a c t io n  and w ere 

su b se q u e n tly  l o s t  d u r in g  ch rom atog raphy ). The g raphs i n  f ig u r e  12 on 

th e  o th e r  hand in d ic a te d  t h a t  a = f r a c t io n  o f  th e  ÏAA rem ained i n t a c t .

An ex am in a tio n  o f  th e  chrom atogram s from w hich th e  d a ta  o f  f ig u r e  13 

was d e r iv e d  (f i^ p ire s  14a and 14b) shoifed t h a t  th e  " r e s id u a l  absorbancy" 

o b ta in e d  w ith  th e  S a lp e r  re a g e n t in  th e  ex p erim en ts  i n  w hich lAA 

d e s t r u c t io n  was m easured c o lo r im e t r ic a l ly ,  was n o t a t t r i b u t a b l e  to  

lAA i t s e l f ,  b u t  to  c e r t a i n  r e a c t io n  p ro d u c ts  hav in g  h ig h e r  Rf v a lu e s  

th an  lAA. S ince  i t  was n o t  p o s s ib le  to  a s s e s s  th e  c o n tr ib u t io n  made 

by th e s e ,  (and by any p o s s ib le  in te rm e d ia te  p ro d u c ts  a ls o  g iv in g  a  

c o lo u r r e a r t i jo n  w ith  S a lp e r  r e a g e n t ) , to  th e  abso rbancy  re a d in g  o b ta in e d  

a t  th e  v a r io u s  sam pling  i n t e r v a l s  d u rin g  th e  c o u rse  o f  th e  r e a c t io n ,  

i t  was n o t  th o u g h t p r o f i t a b l e  to  c o n v e rt th e  abso rbancy  r e  d in g s  

o b ta in ed  i n  th e  c o lo r im e t r ic  e s t im a t io n  o f  lAA to  a b s o lu te  amounts*

The/
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The re a d in g s  th e r e f o r e  have been  p lo t t e d  d i r e c t l y  th ro u g h o u t.

A d is c u s s io n  o f  th e  p o s s ib le  i d e n t i t y  o f  th e  sp o ts  o b ta in e d  on th e  

chrom atogram s o f  f ig u r e s  14a and 14b i s  g iv en  on page 129 , fo llo w in g  a  

f u r t h e r  ex am in a tio n  o f  th o se  compounds, d e s c r ib e d  below .

The g rap h s f o r  th e  " c o n tro l"  ex p erim en ts  i n  f ig u r e s  12 and 13 

showed t h a t  i n  th e  absence  o f  th e  enzyme e x t r a c t ,  lAA was n o t  a p p re c ia b ly  

b roken  down. The chrom atogram  o f  f ig u r e  14c (on wliich th e  " c o n tro l"  

g raph  i n  f ig u r e  13 was b ased ) how ever, a ls o  showed a  number o f  c o lo u red  

s p o ts ,  i n  a d d i t io n  to  t h a t  o f  lAA, The chrom atogram  o f  th e  "m arker" s p o ts  

o f  a  s o lu t io n  o f  lAA in  m ethano l ( f ig u r e  1 5 ) , a g a in  slow ed a  number o f  

a d d i t io n a l  s p o t s .  The p o s s ib le  i d e n t i t y  o f  th e s e  compounds i s  a ls o  

g iven  on page 129 o f  t h i s  s e c t io n .

The o r ig in  o f  th e  v a r io u s  compounds found on th e  chrom atogram s 

a p a r t  from  lAA i t s e l f  ( f ig u r e s  1 4 - 1 8 )  -  and t h e i r  s ig n i f ic a n c e  w ith  

r e s p e c t  t o  th e  pathw ay o f  th e  enzym atic  o x id a t io n  i s  commented on  i n  

th e  " D isc u s s io n " , page 2 4 6 .
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FliTure lA a . Diaf,ram o f  a  developed  chrom atograin aprayed  w ith

SsiP^^wTGa^eiit shoi/ing  th e  compoiinds e x tr a c te d  i n to  

a c id  e th e r  from  a  **Bakhah” r e a c t io n  m ix tu re  w hich 

c o n ta in e d  an  e x b ra c t  (A) a t  "ze ro  tim e" and a t  

i n t e r v a l s  d u r in g  th e  c o u rse  o f  th e  d e s t r u c t io n  o f  lAA. 

(S o lv e n t is o p ro p a n o l (8 0 ) ;  ammonia (2 ) ;  w a te r  ( 1 5 ) , ) .

F iru re  lA b . As' f ig u r e  H a ,  b u t  f o r  a  "Bakhsh" r e a c t io n  m ix tu re  

w hich c o n ta in e d  an  e x t r a c t  (B)#
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Fii u re  1 4 c . Diagram o f  a  developed  chrom atogram  sp ray ed  w ith

S a lp £ r^ r£ a £ e n t showing tîie  compounds e x t r a c te d  in to  

a c id  e th e r  from  a  "Balchsh" r e a c t io n  m ix tu re  from  

w hich th e  enzyme e x t r a c t  îiad b een  o m itte d  a t  "ae ro  

tim e" and a f t e r  60 m inu tes in c u b a tio n »

(S o lv e n t iso p ro p a n o l (SO); ammonia (2 ) ;  w a te r  ( 1 5 ) .)
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F im ire  1 5 . Diagram o f  a  d eve loped  chrom atogram  sp ray ed  w ith  

g a lp e r^ re a £ e ii t  showing th e  compounds p r e s e n t  i n  

1 .0  m l. ,  0 .5  m l. and 0 .1  m l. sam ples o f  a  s o lu t io n  

o f  lAA i n  m ethano l c o n ta in in g  1 ,0 0 0  jig . lAA/ml. 

(S o lv e n t iso p ro p a n o l (8 0 ) |  ammonia (2 ) ;  w a te r  ( 1 5 ) . )
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T ab le  8 . Average Rf v a lu e s  o f  s p o ts  on th e  chrom atogram s shown in  

f ig u r e s  H a ,  Uÿo and 14c , to g e th e r  w ith  t h e i r  c o lo u r  

r e a c t io n s  w ith  S a lp e r  r e a g e n t .

Rf C olour w ith  S a lp e r  re a g e n t

.12 P ink*

.29 Deep p in k  -  to  -  p u rp le .

.4 1 Deep p in k .

.61 P a le  salm on p in k .

.68 P u rp le .

.7 7 Orange -  broi^m.

.86 P i i ik - to -p u rp le .

As t a b l e  8 , f o r  th e  s p o ts  shown i n  f ig u r e  15.'

Rf C olour w ith  S a lp e r  re a g e n t

.06 P a le  p in k .

.1 4 P a le  p ink .'

:32 Deep p u rp le ;

;4 7 B r ig h t  pinlc;

.70 B la c k is h  brown.

;79 Brow nish ( f a i n t ) ;

*85 Pink*

t.:-



-1 1 9 -

A fu r th e r  e x a m in a tio n  b y  cbrom atograph y o f  th e  comDoundfl lo c a te d

Two f u r t h e r  chrom atogram s w ere o b ta in e d  i n  an i d e n t i c a l  manner to  

th e  one g iv en  in  f ig u r e  H a .  However th e s e  w ere n o t sp rayed  w ith  

S a lp e r  re a g e n t*  I n s te a d ,  one was sp rayed  w ith  E h r lic h  re a g e n t and 

th e  o th e r  w ith  Van Eck re a g e n t • D iagram s o f  th e s e  chrom atogram s a re  

g iv en  i n  f ig u r e s  16 and 17 , and th e  average  Rf v a lu e s  and c o lo u r  

r e a c t io n s  o f . t h e  s p o ts  a re  ta b u la te d  i n  t a b l e s  10 and 11.

F in a l ly  a n o th e r  chrom atogram  was o b ta in e d  a g a in  ^  a  s lm iH r  manner 

to  th e  one g iv en  i n  f ig u r e  H a*  I t  d i f f e r r e d  i n  t h a t  i t  was d ev e lo p ed , 

n o t in  an a lk a l in e  s o lv e n t ,  b u t  i n  a  n e u t r a l  s o lv e n t  ( iso p ro p a n o l (8 0 ) ;  

m ethanol ( 5 ) ;  w a te r  (15 )* )*  A lso in  t h i s  c a se  th e  r e a c t io n  m ix tu re  

was sam pled o n ly  a t  ’‘ze ro  tim e ” and a f t e r  30 m in u tes  and 60 m inu tes 

in c u b a tio n . As in  th e  chrom atogram  o f  fix tu re  H a ,  th e  sp ra y  was S a lp e r  

re a g e n t .  A d iagram  o f  t h i s  chrom atogram  i s  g iv en  in  f ig u r e  18 and th e  

average  Rf v a lu e s  and c o lo u r  r e a c t io n s  o f  th e  s p o ts  a re  ta b u la te d  in  

T able 12.
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F lm ire  16 . Diagram o f  a  developed  chrom atogram  spjrayed w ith  

E h r lic h  r e ^ g e n i  showing th e  compounds e x tr a c te d  

in to  a c id  e th e r  from  a  **Bakhsh” r e a c t io n  m ix tu re  

w liich c o n ta in e d  an  e x t r a c t  (A) a t  "ze ro  tim e"  

and a t  i n t e r v a l s  d u r in g  th e  c o u rse  o f  th e  

d e s t r u c t io n  o f  LAA.*

(S o lv e n t iso p ro p sn o l (8 0 ) ;  ammonia (2 ) ;  w a te r  ( 1 5 ) .)

F ig u re  17 . As f ig u r e  16 b u t  sp ray ed  w ith  Van jgc^ n e^gen i,



-1 2 1 -

F I G.  1 6

O lO 2 0  3 0  4 0  5 0  6 0

O O C3

O G
O



-1 2 2 -

FIG. I 7

O lO 2 0  3 0  4 0  5 0  6 0
1------------ 1------------ r T--------------1------------- r

o o

O O (P o oo



—123—

F le u re  18 . Diagram o f  a  developed  chromatogram sp ray ed  w ith  

S a lp e r  re a g e n t  showing th e  compounds e x tr a c te d  

i n to  a c id  o th e r  from  a  "Bakhsh" r e a c t io n  m ix tu re  

w hich  c o n ta in e d  an e x t r a c t  (A) a t  "ze ro  tim e"  

and a t  i n t e r v a l s  d u r in g  th e  co u rse  o f  th e  

d e s t r u c t io n  o f  lAA#

(S o lv e n t is o b u ta n o l  (8 0 ) ;  m ethanol ( 5 ) |  w a te r  ( 1 5 ) ,)
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TABLE 10 . Average Rf v a lu e s  o f  s p o ts  on th e  chrom atogram  shown in  

f ip u r e  16 , to g e th e r  w ith  t h e i r  c o lo u r  r e a c t io n s  w ith  

E h r l ic h  r e a g e n t .

Rf C olour w ith  E h r lic h  re a g e n t

.15

.33

.45

.6 7

.72

.76

.85

P in k .

V io le t .

P in k .

P u rp le  -  b la c k .

Y ello w ish  brown. 

P in k .

TABLE 11 . Average Rf v a lu e s  o f  s p o ts  on th e  chrom atogram  shown i n  

f ig u r e  17 , to g e th e r  w ith  t h e i r  c o lo u r  r e a c t io n s  w ith  

Van Eck r e a g e n t .

Rf C o lour w ith  Van Eck re a g e n t

.39 Y ellow .

.80 Y ellow .



-1 2 6 -

TABLE 12 . Average Rf v a lu e s  o f  s p o ts  on th e  chrom atogram s shown in  

f ig u r e  18 , to g e th e r  w ith  t h e i r  c o lo u r  r e a c t io n s  w ith  

S a lp e r  r e a g e n t .

Rf C olour w ith  S a lp e r  re a g e n t

.66 B row nish.

.72 B ro w n is h -v io le t .

.83 V io le t .
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£ o â 3 ib ie _ ij ie f lt it j r  an_the_chrQniatQgram3.- o f

Xi£U£ea 14_ -_ li.

The Rf v a lu e s  and c o lo u r  r e a c t io n s  o f  th e  sp o ts  w hich appeared  on
I

th e  chrom atograms developed  in  th e  ** Iso p ro p an o l s Ammonia s W ater” 

so lv e n t ( f ig u re s  14-17) a re  summarised below , under th re e  h ead in g s .

1 . S po ts d e te c te d  on chromatognrams o f  e th e r  e x t r a c t s  o f  sam ples o f  

r e a c t io n  m ix tu res  c o n ta in in g  a c t iv e  enzyme p re p a ra t io n s .

Spot
Number Rf

Chromatogram 
on w hich 
lo c a te d

C olour w ith  
S a lp e r  Reagent

C olour w ith  
E h r lic h  Reagent

C olour w ith  
Van Eck Reagent

No. 1 .12
.15

14a ,  14b 
16

P ink
Pink

No. 2 .29
.33

14a, 14b 
16 ; % e P ink

Ifo. 3 .39 17 Yellow

No. 4 .41
.45

14a , 14b 
16

Deep p in k
Pink

No. 5 .61 14a , 14b P a le  s a ^

No. 6 .68
.6 7

14a, 14b 
16

P u rp le
P u rp le -b la c k

No. 7 .72 16 Y ellow ish

No. 8 .77
.76

14a, 14b 
16

Orange-brown

No. 9 .80 17 Yellow

No.10 .86
.85

14a, 14b 
16

P in k -p u rp le
P ink



—

2 . S po ts d e te c te d  on th e  chromatogram o f  e th e r  e x t r a c t s  o f  sam ples o f  

th e  c o n tro l  r e a c t io n  m ix tu re  -  in  which th e  enzyme p re p a ra t io n  was 

re p la c e d  by d i s t i l l e d  w ater*

Soot
N y sto :

No. 1 

‘ No. 2 

No. 4  

No. 6 

No. B 

No. 10

(Nos. 3$ 7 and 9 were n o t t e s t e d  f o r ) .

L ocated on chromatogram 14c.
(R f and c o lo u r  w ith  S a lp e r  re a g e n t a sg iv en  f o r  14a and 
14b, un d er 1 . ab o v e .)

3 . S pots d e te c te d  on th e  chromatogram o f  s o lu t io n s  o f  lAA in  m ethanol,

Spot C olour w ith
Number

No. 0 * .06 P a le  p in k .

No. 1 .1 4 P a le  p in k .

No. 2 .32 Deep p u rp le .

No. 4 .47 B rig h t p in k .

No. 6 .70 B la c k ish  brown.

No. 8 .79 Brownish ( f a i n t )

No. 10 .85 P in k .

L ocated on chromatogram 15.

)

V Not p re s e n t  on chrom atograms 14a, 14h and 14c . 

(Nos. 3f 7 and 9 were n o t t e s t e d  f o r . )
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Of tho  srjobs l i s t e d  0 - 1 0  above, none were i d e n t i f i e d  w ith  c e r t a in ty  -  

a n a r t  frcm  lAA* however i t  was th o u g h t t h a t  c e r t a in  o f  them c o rre s ­

ponded w ith  th o se  found, under s im i la r  c o n d it io n s  by  /km nlng and G a ls to n  

(1 9 5 5 ), S tu ta  (1957, 1958) and M elch io r (1958) -  a s  g iv en  in  th e  t a b le  

below# (An riccount o f  th e  r e s u l t s  o b ta in e d  by th e s e  wcwkors was g iv en  

on page 30 o f  t lie  ” In tro d u c tio n ” #)

Spot
Number

Manning and G a ls to n S tu t s l îe lo h io r

% # 0

ife# 1 ICS

No# 2 lAA IBS (sIAA)

No# 3 IGyS

No# 4 # 1 IGS ?

No. 5

No# 6 Compound Rf 
0 .7 5

No# 7 (A n th rs n i la te  found 
in  # 4  i f t e r

e lu t io n )

No. a Gompotmd Rf 
0 .9 1

#  4 U

No# 9 xndolealdehydo

No. 10 Compound Rf 
0 .9 4

#  5 ?”
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Note 1 . At f i r s t  i t  was th o u g h t t h a t  sp o t No# 3 was in d o le g ly o x y lic  a c id  

s in c e  i t  co rresponded  in  p o s i t io n  w ith  th e  sp o t g iven  th e  symbol ”IGyS” 

by M e lch io r. L a te r  however i t  was r e a l i s e d  t h a t  a  ye llo w  c o lo u r  w ith  

Van Eck re a g e n t a t  abou t th e  same Rf a s  lAA, o c cu rred  most s tro n g ly  on 

chrom atogram s w ith  la r g e  lAA s p o ts ,  and a l s o th a t  th e  d e n s i ty  o f  th e  

c o lo u r  was in c re a s e d  i f  th e  chrom atograms were s to re d  b e fo re  spraying#

I t  was concluded th e r e f o re  t h a t  lAA was b e in g  broken down on th e  paper 

and hence t h a t  th e  y e llo w  sp o t was a g a in  t h a t  o f  in d o le a ld e h y d e .

Note 2 . A ccording to  M elch ior th e  two sp o ts  w ith  Rfs .89  and .93 w hich 

gave c o lo u r  r e a c t io n s  w ith  S a lp e r  re a g e n t were lA (indo lealcÿ iyde) and 

”W ?” -  th e  in d o lea ld eh y d e  a ls o  g iv in g  a  ye llo w  c o lo u r  w ith  Van Eck 

re a g e n t .  In  th e  p re s e n t  work however i t  was found t h a t  in d o lea ld eh y d e  

(Rf .80 ) was o n ly  d e te c ta b le  by i t s  r e a c t io n  w ith  Van Eck re a g e n t ,  and

th a t  i t  was lo c a te d  betw een th e  two S a lp e r - r e a c t in g  s p o ts  (R fs .77  and

.8 6 ) .  T h is co rresponded  w ith  f in d in g s  o f  S tu tz .

None o f  th e  s p o ts  d e te c te d  on th e  chromatogram developed  in  th e  

" I s o b u ta n o l : M ethanol : W ater" s o lv e n t w ere i d e n t i f i e d ,  a lth o u g h  th e  

sp o t w ith  an Rf o f  .72  g iv in g  a  b ro w n is h -v io le t  c o lo u r  w ith  S a lp e r  re a g e n t 

was presum ably a t t r i b u t a b l e ,  a t  l e a s t  i n  p a r t ,  to  lAA.

A d d itio n a l o b se rv a tio n s  on  th e  n a tu re  o f  th e  r e a c t io n  nrodügita .

The o x id a t io n  o f  lAA in  th e  r e a c t io n  m ix tu res  used in  t h i s  i n v e s t i ­

g a tio n  was alw ays accom panied by th e  fo rm a tio n  o f  a  brow nish  re d  c o lo u r . 

T his however had no in t e r f e r i n g  e f f e c t  i n  th e  c o lo r im e tr ic  method f o r  

lAA/
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IM  e s t im a t io n .  S ince lam azak i and Souzu (i9 6 0 ) r e p o r te d  th e  same 

phenomenon f o r  a  r e a c t io n  m ix tu re  w hich d id  n o t c o n ta in  a  p h e n o lic  

a c t i v a t o r ,  i t  was th o u g h t to  r e s u l t  from  an accum ula tion  o f  th e  p ro d u c ts  

o f  th e  o x id a t io n  o f  lAA i t s e l f  and n o t o f  th e  phenol (DCP). Never­

t h e l e s s  i t  must be n o te d  t h a t  Leopold and Plummer (1961) c la im ed  t h a t  

th e y  had d e te c te d  th e  fo rm a tio n  o f  c o lo u re d  com plexes o f  lAA w ith  

q u inones form ed from  c a te c h o l ,  c h lo ro g e n ic  a c id  and c a f f e i c  a c id  

d u rin g  th e  o x id a t io n  o f  lAA in  th e  p re sen c e  o f  po lypheno l ox idase*

These were in s o lu b le  i n  e th e r  and s t a b le  o n ly  in  n e u t r a l  ch rom atograh ic  

s o lv e n ts .

V/hen th e  e th e r  e x t r a c t  o f  th e  r e a c t io n  p ro d u c ts  was e v ap o ra te d  

down, th e  c o n c e n tra te d  e x t r a c t  f r e q u e n t ly  appeared  re d d is h  i n  c o lo u r  -  

a s  a ls o  d id  th e  sp o t o b ta in e d  by  a p p ly in g  th e  r e s id u e  d is s o lv e d  i n  

m ethano l, t o  th e  chrom atography p a p e r . T h is c o lo u ra t io n  d id  n o t  however

appear on th e  developed  chromatograms* I t  may have been caused by  th e

p resen ce  o f  ip ro ro se in  -  a  pigm ent formed by th e  co n d en sa tio n  o f  two 

m olecu les o f  in d o le a ld e h y d e  in  th e  p re sen c e  o f  a c id .  (F earon  and 

B oggust, 1950) .
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I I  1 . THE EFFECT ON THE "lAA-OXIDASE" ACTIVITIES OF EXTRACTS (A)

AND (B) OF VARIATIONS IN THE pH OF THE REACTION MIXTURE.

E x tra c ts  (A) and (B) were p rep a red  as d e sc r ib e d  u nder "M ethods", 

S e c tio n  I I ,  and t h e i r  "lA A -oxidase" a c t i v i t i e s  de term ined  a s  d e sc r ib e d  

under "M ethods", S e c tio n s  IV-1 and I I I - l ,  i n  a  number o f  d i f f e r e n t  

r e a c t io n  m ix tu re s  o f  v a ry in g  pH* The com position  o f  th e s e  r e a c t io n  

m ix tu re s  was b a s i c a l l y  t h a t  u sed  by Bakhsh (a s  g iven  under i .  on page 8 2 ) ,

The co m p o sitio n  o f  th e  phosphate  -  c i t r a t e  b u f f e r  however was v a r ie d  to

g iv e  r e a c t io n  m ix tu res  o f  pH 3 , 4 ,5  and 6 . 20 m l. amounts o f  each

were made up and th e s e  w ere sam pled a t  "ze ro  tim e" and a t  10 m inute

i n t e r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  1^ h o u rs . The r e s u l t s  a re  g iv en  

in  f ig u r e  19 ( in  w hich th e  abso rbancy  v a lu e s  were p lo t te d  d i r e c t l y )  and 

in  f ig u r e  20, in  w hich th e  le n g th s  o f  th e  la g  p e r io d s  ( in  m inu tes) and 

th e  maximum r a t e s  a t t a in e d  (ex p re ssed  a s  change in  abosrbancy  /  10 

m inu tes) w ere p lo t t e d  a g a in s t  pH. These l a t t e r  v a lu e s  were o b ta in e d  

over a  number o f  10 m inute i n t e r v a l s ,  v a ry in g  from 10 -  20 m inu tes 

(pH 4 , e x t r a c t s  (A) and (B) ) to  70 -  80 m inu tes (pH 3 , e x t r a c t  (A) ) .

The g raphs showed t h a t  th e  pH optimum f o r  th e  a c t i v i t y  o f  th e

enzyme e x t r a c t s  (A) and (B) was i n  th e  re g io n  o f  4 . Thus th e  maximum

r a te s  were h ig h e s t  and a ls o  th e  le n g th s  o f  th e  la g  p e r io d s  s h o r t e s t  a t

t h i s  pH. T h is  co rresponded  w ith  th e  v a lu e  o b ta in e d  u s in g  crude  pea

e x t r a c t s  by Bakhsh (1956) and by R e in e r t ,  S c h rau d o lf  and R e in e r t  (1 9 5 7 ).

A number o f  w orkers however have re p o r te d  t h a t  th e  pH optimum f o r  such

e x tr a c t s  was i n  th e  re g io n  o f  6 (Tang and B onner, 1947; G a ls to n  and 

D a lb erg /
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D alb erg , 1954). No e x p la n a tio n  o f  t h i s  d isc re p a n c y  can  be o f fe re d  a t  

p r e s e n t .  Mudd, Johnson , B u r r is  and B uchho ltz  (1959 ), who worked w ith  

p u r i f i e d  lA A -oxidase p re p a ra t io n s  from q u a ck -g ra ss  rh izom es, su g g ested  

t h a t  th e  a c id  pH optim a o b ta in e d  by p re v io u s  w orkers cou ld  be a t t r i ­

b u ted  to  th e  f a c t  t h a t  p h o s p h a te - c i t r a te  b u f f e r s  had been u se d . They 

o b ta in e d  an optimum o f  pH 5 in  t h e i r  system  u s in g  a  s u c c in a te  b u f f e r ,  

and o f  3 u s in g  c i t r a t e  ( t h i s  was th e  lo w est pH v a lu e  exam ined). Accord­

in g  to  th e s e  a u th o rs ,  th e  pH optim a de term ined  w ith  c i t r a t e  b u f f e r s  were 

in v a l id a te d  by c h e la t io n  (o f  m anganese). They s t a te d  t h a t  " a p p re c ia b le  

a c t i v i t y  in  c i t r a t e  b u f f e r  shou ld  be observed  o n ly  a t  low pH where th e  

u n d is s o c ia te d  a c id  and th e  m onoanion, w hich do n o t c h e la te ,  a re  th e  

p redom inant fo rm s" . However th e  pH optimum o f  6 o f  Tang and Bonner 

( 1947) was o b ta in e d  u s in g  p h o s p h a te - c i t r a te  b u f f e r ,  w h ile  c o n v e rse ly  th e  

pH optimum o f  4  o f  R e in e r t ,  S ch rau d o lf and R e in e r t  (1957) was o b ta in e d  

u s in g  phosphate  b u f f e r .

In  o rd e r  to ^ e te rm in e  w hether th e  pH optimum o c cu rred  a t  a  h ig h e r  

v a lu e  i f  a  b u f f e r  w hich d id  n o t c o n ta in  c i t r a t e  was used -  on a  subse­

quen t o c c a s io n  -  th e  a c t i v i t y  o f  a  r e a c t io n  m ix tu re  c o n ta in in g  an e x t r a c t

(A) was d e te rm ined  a t  pH 4  (p h o s p h a te - c i t r a te  b u f f e r )  and a t  pH 6 

(phosphate  b u f f e r ) . 10 m l. amounts o f  th e  two r e a c t io n  m ix tu re s  were

made up and th e s e  w ere sam pled a t  "ze ro  tim e"  and a t  10 m inute i n t e r v a l s  

t h e r e a f t e r  f o r  a  p e r io d  o f  1 h o u r. The r e s u l t s  a re  g iv en  in  f ig u re  21 . 

The r a t e  o f  lAA o x id a t io n  in  phosphate  b u f f e r  a t  pH 6 was found to  be 

much s lo w er th a n  in  p h o s p h a te - c i t r a te  b u f f e r  a t  pH 4# I t  th e r e f o re  

seem ed/
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seemed u n l ik e ly  t h a t  th e  pH optimum would have been  found to  be 6 i f  th e  

r a t e s  had been de term ined  in  phosphate  b u f f e r  o v e r th e  com plete  range  

from pH 3 to  pH 6 . (P hosphate  b u f f e r s  b u f f e r  p o o rly  below pH 6 ) .

An ex am ina tion  o f  f ig u r e  19 showed t h a t  th e  r a t e s  o f  o x id a t io n  o f  

lAA in  th e  r e a c t io n  m ix tu re s  c o n ta in in g  e x t r a c t  (B) were f a s t e r  th a n  in  

th e  r e a c t io n  m ix tu res  c o n ta in in g  e x t r a c t  (A ). Thus th e  maximum r a t e s  

a t t a in e d  w ere , i n  g e n e ra l ,  h ig h e r  and th e  le n g th s  o f  th e  la g  p e r io d s  

low er ( f ig u r e  20) in  th e  p resen ce  o f  e x t r a c t  (B) th a n  in  th e  p resen ce  

o f  e x t r a c t  (A ).
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Figrure 19 . Graphs t o  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  enzyme e x t r a c t s  (A) and (B) in  th e  

p re sen c e  o f  p h o s p h a te - c i t r a te  b u f f e r s  o v e r th e  pH range  

3 to  6 .

i':':

F.:.T . . .
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F ig u re  20 . Graphs to  show th e  e f f e c t  o f  pH on th e  r a t e s  o f  lAA 

breakdown in  r e a c t io n  m ix tu res  c o n ta in in g  enzyme 

e x t r a c t s  (A) and (B)*

-
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F ig u re  21 . Graphs to  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  enzyme e x t r a c t  (A) and e i t h e r  

p h o s p h a te - c i t r a te  b u f f e r  pH 4 o r  phosphate  b u f f e r  

pH 6 .
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I I  2 .  THE EFFECT ON THE «IAA-OXIDASE” ACTIVITIES OF EXTRACTS (A) AND

(B) OF VARIATIONS IN THE DCP CONCENTRATION OF THE REACTION 

MIXTURE.

E x tra c ts  (A) and (B) were p re p a re d  a s  d e sc r ib e d  im der "Methods"^ 

S e c tio n  I I ,  and t h e i r  "lA A -oxidase" a c t i v i t i e s  de te rm ined  as  d e sc r ib e d  

under "M ethods", S e c tio n s  IV-1 and I I I - l  i n  a  number o f  d i f f e r e n t  

r e a c t io n  m ix tu re s  o f  v a ry in g  DCP c o n c e n tra t io n . The com position  o f  

th e s e  r e a c t io n  m ix tu re s  was b a s i c a l l y  t h a t  u sed  by BaJdash (a s  g iv en  

under i .  on page ^ 2 ) .  The c o n c e n tra t io n  o f  th e  DCP s o lu t io n  added
J Q

however was v a r ie d  from  10 to  10 g ./m l .  The c o n c e n tra tio n s  o f  

th e  DCP s o lu t io n s  added, to g e th e r  w ith  th e  a c tu a l  c o n c e n tra tio n s  o f
i

DCP in  th e  r e a c t io n  m ix tu re s  a re  shown below .

C o n c e n tra tio n  o f  C o n c en tra tio n  o f  DCP

g ./m l .
i n  th e  r e a c t io n  m ix tu re , 
g . /m l .  ) ig ./m l.

1 0 " '^ 1 .2 5 X 1 0 - 3 1 2 .5

2  X  1 0 " ^ 2 . 5 X 1 0 - 3 2 5

4  X 1 0 " ^ 5 X 1 0 - 3 5 0

6  X 1 0 - * 7 .5 x l O - 3 7 5

8  X 1 0 " * 1 0 - * 1 0 0

1 0 - 3 1 . 2 5  X 1 0 - * 1 2 5

10 m l. amounts o f  each  r e a c t io n  m ix tu re  w ere made up and th e s e

were sam pled a t  "ze ro  tim e"  and a t  10 m inute i n t e r v a l s  t h e r e a f t e r  f o r  

a /
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a  p e r io d  o f  1 h o u r. The r e s u l t s  a re  g iv en  in  f ig u r e s  22a -  2 2 f , i n  

w hich th e  absorbancy  r e s u l t s  w ere p lo t t e d  d i r e c t l y  a g a in s t  t im e .

An ex am in a tio n  o f  f ig u r e s  22a -  2 2 f showed t h a t  th e re  appeared  to  ' 

be an in c re a s e  i n  "lA A -oxidase" a c t i v i t y  fo llo w ed  by  a  d e c re a s e , w ith  

in c re a s in g  c o n c e n tra t io n  o f  DCP. From each g raph  an e s t im a te  was 

o b ta in e d  f o r  th e  tim e ta k e n  f o r  th e  r e a c t io n  to  re a c h  co m p le tio n  -  a s  

d e s c r ib e d  on page 84. The r e c ip r o c a ls  o f  th e s e  v a lu e s  w ere th e n  

c a lc u la te d  t o  g iv e  r e l a t i v e  r a t e s  ( a r b i t r a r y  v a lu e s )  and th e s e  were 

p lo t te d  a g a in s t  DCP c o n c e n tra t io n  ( f ig u r e  2 3 ) . From th e  c u rv e s  o b ta in e d  

( f ig u re  2 3 ) ,  i t  appeared  t h a t  th e  optimum c o n c e n tra t io n  o f  DCP f o r  b o th  

e x t r a c t  (A) and e x t r a c t  (B) la y  betw een 50 p g ./m l .  and 100 p g ./m l. -  

p o s s ib ly  a t  75 jüig./ml. The f l a t t e n i n g  o f  th e  cu rve  f o r  th e  (B) e x t r a c t  

a t  th e  low er c o n c e n tra t io n s  o f  DCP may h^ve been  an " a r t e f a c t "  -  s in c e  th e  

g raphs g iv en  in  f ig u r e s  22a, 22b and 22c may have y ie ld e d  f a l s e  v a lu e s  

f o r  th e  r a t e s  o f  lAA d e s t r u c t io n  -  f o r  th e  re a so n  d isc u sse d  under 

" R e s u l ts " ,  S e c tio n  I ,  page 8 7 ( 2 .) .  The v a lu e  o b ta in e d  f o r  th e  (A) 

e x t r a c t  a t  a  DCP c o n c e n tra t io n  o f  75 j ig ./m l. was a ls c p u b je c t  t o  th e  same 

u n c e r ta in ty .  E stim a ted  v a lu e s  f o r  th e  le n g th s  o f  th e  la g  p e r io d s  and 

th e  maximum r a t e s  a t t a in e d  a re  g iv en  in  t a b le  13 , page 169. In  g e n e ra l  

th e  s h o r t e s t  lag 0  p e r io d s ,  and th e  h ig h e s t  maximum r a t e s  were o b ta in e d  

f o r  r e a c t io n  m ix tu re s  in  w hich th e  " tim e ta k e n  f o r  th e  r e a c t io n  to  re a c h  

com pletion" were s h o r t e s t .  However th e  r e l a t i o n s h ip  betw een th e  th r e e  

q u a n t i t i e s  was somewhat i r r e g u l a r ,  and s in c e  th e  d a ta  was o b ta in e d  from  

one experim ent o n ly  i t  was n o t th o u g h t d e s i r a b le  t o  a t t a c h  im portance  to  

th e  in d iv id u a l  v a lu e s .
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The c o n c lu s io n  reach ed  th e r e f o re  was t h a t  th e  optimum c o n c e n tra t io n  

was s l i g h t l y  h ig h e r  th a n  t h a t  r e p o r te d  f o r  th e  same r e a c t io n  m ix tu re  by 

Bakhsh (1 9 5 6 ). The d i f f e r e n c e  however was n o t g r e a t  -  75 p g ./m l. a s  

opposed to  50 j ig ./m l. The r e l a t i o n s h ip  betw een th e  "lA A -oxidase"

a c t i v i t i e s  o f  e x t r a c t s  (A) and (B) was found to  be s im i la r  to  t h a t  

r e p o r te d  un d er " R e s u lts " ,  S e c tio n  I  -  t h a t  f o r  e x t r a c t  (B) b e in g  h ig h e r .

I t  i s  r e le v a n t  t o  em phasise a g a in  h e re  however t h a t  th e  optimum concen­

t r a t i o n  o f  DCP was th e  same f o r  b o th  ty p e s  o f  e x t r a c t .  Thus t h i s  m ight 

be c o n s id e re d  to  show t h a t  th e  d i f f e r e n c e  betw een th e  (A) and (B) e x t r a c t s  

was n o t one m erely  o f  a  d i f f e r e n t  l e v e l  o f  a  D CP-like a c t i v a t o r .  I f  

t h i s  had been  so , th e n  i t  would have been  ex p ec ted  t h a t  th e  optimum 

c o n c e n tra t io n  o f  DCP f o r  th e  (A) e x t r a c t  would have been h ig h e r  th a n  

t h a t  f o r  th e  (B) e x t r a c t  (assum ing t h a t  th e  l e v e l  o f  th e  endogenous 

a c t iv a t o r  was subop tim al i n  b o th  c a s e s ) .  S im i la r ly  i f  a  d i f f e r e n c e  i n  

a c t iv a t o r  l e v e l  had been  th e  o n ly  d i f f e r e n c e ,  th e  added a c t iv a t o r  m ight 

have been  ex p ec ted  to  r a i s e  th e  a c t i v i t i e s  o f  th e  two e x t r a c t s  to  an 

e q u a l l e v e l ,  w hereas f ig u r e  23 showed t h a t  th e  a c t i v i t y  o f  th e  (B) 

e x t r a c t  was alw ays h ig h e r  th a n  t h a t  o f  th e  (A) e x t r a c t .  F in a l ly ,  

i n  s p i t e  o f  th e  " f l a t t e n in g "  o f  th e  cu rve  f o r  th e  (B) e x t r a c t  ( f ig u r e  2 3 ) , 

i t  was c o n s id e re d  t h a t  th e  amount o f  a c t iv a t io n  o f  th e  enzyme produced 

by a  g iv en  amount o f  DCP was in dependen t o f  th e  " b a s a l  a c t i v i t y "  o f  th e  

enzyme e x t r a c t  -  so t h a t  observed  a c t i v i t y  was alw ays p ro p o r t io n a l  to  

t h i s  " b a s a l  a c t iv i t y "  (o v e r  th e  range  o f  DCP c o n c e n tra t io n  s tu d i e d ) •

T his su p p o rte d  th e  a s s e r t i o n  o f  G a ls to n  and D alberg  (1954) t h a t  DCP 

"w ?s/
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"was found n e v e r t o  a l t e r  th e  r e l a t i v e  a c t i v i t i e s  o f  th e  enzymes in  

d i f f e r e n t  b r e i s ,  b u t o n ly  to  g iv e  g r e a te r  a b s o lu te  d i f f e r e n c e s  i n  

a c t i v i t i e s  i n  f  s h o r te r  t im e s " .

♦ I t  m ight be in f e r r e d  from  t h i s  s ta te m e n t t h a t  th e  amount o f  lAA 

broken  down i n  two r e a c t io n  m ix tu re s  -  one w ith  DCP and one w ith o u t -  • 

would be th e  same -  a lth o u g h  i n  th e  absence o f  a c t iv a to r ,  th e  breakdown 

would ta k e  lo n g e r .  However, assum ing t h a t  th e  r e a c t io n  m ix tu re s  u sed  

in  th e  p re s e n t  in v e s t ig a t io n  were s im i la r  to th o s e  o f  G a ls to n  and D alberg , 

t h i s  was p ro b ab ly  n o t th e  case  -  e x cep t p o s s ib ly  w ith  r e l a t i v e l y  low 

c o n c e n tra t io n s  o f  lAA, T hus, un d e r c o n d it io n s  in  which th e  r a t e  o f  

lAA breakdown -  f o r  a  g iv en  i n i t i a l  lAA c o n c e n tra t io n  -  d id  n o t exceed 

a  c e r t a i n  minimum v a lu e , th e  r e a c t io n  d id  n o t  p roceed  to  co m p le tio n .

In  " R e s u l ts " ,  S e c tio n  I ,  f o r  exam ple, r a t e s  o f  lAA breakdown were g iv en  

f o r  th r e e  r e a c t io n  m ix tu re s  -  d i f f e r i n g  from each  o th e r  o n ly  i n  enzyme 

c o n c e n tr a t io n . Wliereas a t  th e  two h ig h e r  c o n c e n tra tio n s  o f  enzyme 

th e  lAA was co m p le te ly  d e s tro y e d  ( f ig u r e s  9 and 1 0 ) , a t  th e  lo w e st 

c o n c e n tr a t io n ,  th e  r e a c t io n  p roceeded  f o r  a  tim e a t  a  v e ry  much s lo w er 

r a t e ,  and th e n  v i r t u a l l y  cea sed  ( f ig u r e  1 1 ) . T h is  was a t t r i b u t e d  to  

th e  i n a c t i v a t i o n  o f  th e  enzyme d u rin g  th e  r e a c t io n  -  p ro b ab ly  a s  a  r e s u l t  

o f  a  r e a c t io n  w ith  lAA* r a d i c a l s  (a s  d is c u s se d  on page 27 o f  th e  " I n t r o ­

d u c t io n " ) .  F u r th e r  in fo rm a tio n  on th e  s u b je c t  o f  t h i s  phenomenon o f  

enzyme i n a c t iv a t io n  was o b ta in e d  i n  th e  experim en t d e sc r ib e d  below .
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F ig u re  2 2 a . Graphs to  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  enzyme e x t r a c t s  (A) and (B) in  

th e  p re sen c e  o f  DCP a t  a  c o n c e n tra t io n  o f  12 .5  p g ./m l.

F ig u re  22b. As f ig u r e  22a .  ̂BOB c o n c e n tra tio n  25 pg ./m l*

Flfnu-e 2 2 c . As f ig u r e  2 2 a . DCP c o n c e n tra t io n  50 p g ./m l.

F ig u re  22d . As f ig u r e  22a . DCP c o n c e n tra tio n  75 p g ./m l.

F ig u re  2 2 e . As f ig u r e  2 2 a . ' DCP c o n c e i t r a t lo n  100

F ig u re  2 2 f . As f ig u r e  22a . DCP c o n c e n tra tio n  125 |ig . /m l .
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FièTure 23 . Graphs to  show th e  e f f e c t  o f  DCP c o n c e n tra tio n  on th e  r a t e s  

o f  lAA breakdown in  r e a c t io n  m ix tu res  c o n ta in in g  enzyme 

e x tr a c t s  (A) and (B ),
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Addendum to  S e c tio n  I I .

The tim e coiirae o f enzvme in a c t iv a t lo i i .

4  d u p l ic a te  10 m l. amounts o f  a  ’’Bakhsh” r e a c t io n  m ix tu re  c o n ta in in g  

an e x t r a c t  (A) -  a s  g iv en  under i .  page 82 were made up . The r a t e s  o f  

lAA breakdown in  th e s e  were th e n  determ ined  as d e sc r ib e d  under ^Methods” , 

S e c tio n s  IV-1 and I I I - l ,  excep t t h a t  a  f u r th e r  a d d it io n  o f  0 .5  m l. lAA 

(10*"^ g . /m l .)  was made a t  d i f f e r e n t  tim es d u rin g  th e  in c u b a tio n . The 

sam pling in te r v a l s  -  b e fo re  and a f t e r  th e  second lAA a d d it io n s  a re  g iv en  

below . (B efore  adding  th e  0 .5  m l. o f  lAA to  Samples I I  and I I I ,  1 m l. 

and 0 .5  m l. o f  r e a c t io n  m ix tu re  were removed r e s p e c t iv e ly  -  so t h a t  th e

f i n a l  volume o f  th e  r e a c t io n  m ix tu re  a f t e r  th e  a d d it io n  was 8 .5  m l. f o r
{

I ,  I I  and I I I .  The volume o f  m ix tu re  I  a f t e r  th e  a d d it io n  was 7 .5  m l . ) .



Samplinjy i n t e r v a l s ;

Sample I<

Sample II#

Sample I I I .

Sample IV.

B efore th e  2nd 
a d d it io n  o f  lAA.

”zero  tim e ”

10 m inu tes

20 m inutes

30 m inutes

40 m inutes

50 m inu tes

"zero  tim e"

10 m inutes

"Zero tim e ” 

10 m inutes 

20 m inutes

"zero  tim e" 

10 m inutes 

20 m inutes 

30 m inu tes

A f te r  th e  2nd 
a d d it io n  o f  lAA#

"zero  tim e"

60 m inutes

Next day*

"ze ro  tim e" 

20 m inutes 

40 m inutes 

60 m inutes 

Next day . 

"ze ro  tim e" 

20 m inutes 

40 m inutes 

60 m inutes 

Next day. 

"ze ro  tim e" 

20 m inutes 

40 m inutes 

60 m inutes 

Next day .

( I M  added 
a t  10 m inutes)

(lAA added 
a t  20 m inu tes)

(IAÂ added 
a t  30 m inu tes)

The r e s u l t s  a re  g iv en  in  f ig u re  24.
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In  th e  r e a c t io n  m ix tu re  showing th e  f a s t e s t  r a t e  o f  lAA breakdown 

(Sample I  b e fo re  th e  2nd lAA a d d it io n )  th e  r e a c t io n  went to  com pletion , 

w hereas in  th e  rem ain ing  th re e  in  which th e  r a t e s  o f  breakdown were 

slow er (Sam ples I I ,  I I I  and 17 a f t e r  th e  2nd lAA a d d it io n )  th e  r e a c t io n  

f a i l e d  to  re a c h  com pletion  ( i f  sam ples had been  tak en  fo r  a  lo n g e r  a  

p e rio d  f o r  r e s id u a l  lAA e s t im a tio n , in s te a d  o f  o n ly  u n t i l  an hour a f t e r  

th e  2nd a d d it io n  -  a  " f l a t t e n in g  o f f "  o f  th e  cu rves s im ila r  t o th a t  

observed  in  f ig u re  11 would p ro b ab ly  have been o b ta in e d ) . T h is  r e s u l t  

was s im i la r  to  t h a t  o b ta in e d  in  th e  experim ent o f  " R e su lts " , S e c tio n  I ,  

d isc u sse d  on page 82 -  ex cep t t h a t  in  th e  p re s e n t  c a se , th e  amounts o f  

ÎAA p re s e n t  in  th e  r e a c t io n  m ix tu res  were d i f f e r e n t .  Here th e n  th e  

d i f f e r e n c e  in  th e  r a t e  o f  breakdown could  o n ly  have been caused by some 

f a c to r  a s s o c ia te d  e i t h e r  w ith  th e  d if fe re n c e  i n  lAA c o n c e n tra tio n  ( th e  

c o n c e n tra tio n s  in  Samples I I ,  I I I  and 17 were a l l  g r e a te r  th a n  t h a t  in  

Sample I )  o r  w ith  th e  d i f f e r e n c e  i n  th e  amount o f  IM  breakdown which 

had ta k e n  p la c e  b e fo re  th e  second p a r t  o f  th e  lAA was added ( n i l  f o r  

Sample I ,  b u t m easurable f o r  Samples I I ,  I I I  and 1 7 ). T h is  f a c to r  was 

c o n s id e red  to  be th e  in a c t iv a t io n  o f  th e  enzyme.

The f a c t  t h a t  enzyme in ac tiv a tA o tt had tak e n  p la c e  when th e  I M  in  

Sample I  had been com ple te ly  o x id ise d  was e v id e n t from an exam ination  o f  

th e  r e s u l t s  o f  f ig u re  24. Thus when a  second a d d it io n  o f  IM  was made 

to  Sample I ,  t h i s  was n o t b roken down a t  a l l  d u rin g  th e  f i r s t  60 m inutes 

fo llo w in g  th e  a d d it io n ,  and no a p p re c ia b le  breakdown had o c cu rred  a f t e r  

a  much lo n g e r  p e rio d  o f  in c u b a tio n  (by th e  n e x t d a y ). T h is d isc rep a n cy  

be tw een /
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betw een th e  f a t e  o f  th e  1 s t  a d d it io n  and th e  2nd a d d it io n  -  cou ld  n o t 

have been  due to  d i f f e r e n t  r a t e s  o f  enzyme in a c t iv a t io n  d u rin g  th e  two 

breakdown r e a c t io n s  (caused  by d i f f e r e n t  lAA le v e ls )  s in c e  th e  amounts 

o f  lAA p re s e n t  a t  th e  s t a r t  o f  th e  r e a c t io n s  was app rox im ate ly  th e  same.

T h is  l a s t  o b se rv a tio n  -  t h a t  th e  enzyme had become com plete ly  

in a c t iv a te d  by th e  end o f  th e  r e a c t io n  (Sample I )  -  appeared to  sup p o rt 

th e  id e a  m entioned above -  t h a t  th e  l a r g e r  amounts o f  lAA (Samples I I ,

I I I  and 1 7 ,a f t e r  th e  2nd a d d it io n  o f  lAA) were n o t com plete ly  broken 

down because  th e  enzyme had become p a r t i a l l y  J jia c tiv a te d  b e fo re  th e  

a d d it io n  o f  th e  second q u a n ti ty  o f  lAA. However t h i s  was p ro b ab ly  n o t

so -  and i t  seemed l i k e l y  t h a t  even i f  b o th  amounts o f  lAA had been added

i n i t i a l l y ,  th e  r e a c t io n s  would n o t have gone to  com pletion . One rea so n  

f o r  m isp ec tin g  t h i s  was t h a t  th e  phenomenon o f  enzyme in a c t iv a tè o n  d id  n o t

appear to  have come in to  p la y  d u rin g  th e  f i r s t  20 m inutes a t  l e a s t  o f  th e

r e a c t io n  -  s in c e  when th e  cu rv es f o r  Samples I I  and I I I  were compared i t  

was seen  t l i a t  th e  r a t e  o f  breakdown was f a s t e r  i n  S sn^le  I I I  th a n  in  

Sample I I .  (The c o n c e n tra tio n  o f  IM  in  th e  two sam ples was th e  sam e).

The r a t e  was f a s t e r  s t i l l  i n  Sample I I I  -  though i t  m ight be argued  h e re

t h a t  t h i s  was because th e  c o n c e n tra tio n  o f lAA p re s e n t i n i t i a l l y

s l i g h t l y  lo w er. Thus i t  seemed t h a t  th e  p ro g re s s iv e ly  h ig h e r  r a t e s  

observed  i n  Samples I I ,  I I I  and 17 m ight have r e s u l te d  from th e

" a c t iv a t io n "  o f  th e  en yme in  some way -  by some r e a c t io n  w hich took

p la c e  d u rin g  th e  " la g  p e rio d "  -  b e fo re  th e  2nd amount o f  lAA was added. 

T h is  was p o s s ib ly  th e  fo rm atio n  o f  (a s  d e sc rib e d  under " In tro d u c tio n " ,

p a g e /
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page 2 7 ). In  any case  i t  was concluded t h a t  th e  low r a t e s  o f  r e a c t io n  

(and hence th e  f a i l u r e  o f  th e  r e a c t io n  to  rea ch  com pletion) observed  in  

Samples I I ,  I I I  and IV, a s  compared w ith  t h a t  in  Sample I  must have been  

due to  in c re a se d  r a t e s  o f  enzyme in a c t iv a t io n  follow ing: th e  2nd a d d it io n  

o f  lAA, and caused by th e  h ig h e r lAA co n ce n tra tio n s*

The q u e s tio n  rem ained as  to  when th e  in a c t iv a t io n  o f  th e  enzyme 

began to  ta k e  p la c e  -  in  Sample I* I f  a  2nd a d d it io n  o f  lAA had been 

made to  a  f i f t h  sample a t  th e  40 m inute i n te r v a l  i t  m ight have been found 

t h a t  th e  r a t e  o f  breakdown observed  su b seq u en tly  was slow er th a n  in  th e  

Samples I I ,  I I I  and IV, th u s  showing t h a t  enzyme in a c t iv a t io n  had s e t  i n .

On th e  o th e r  hand th e  p ro ce ss  o f  in a c t iv a tè o n  m ight on ly  have tak e n  p la c e  

a f t e r  th e  com pletion  o f  th e  ; r e a c t io n  -  though t h i s  seemed to  be r a th e r  l e s s  

l i k e l y  in  view  o f  th e  f a c t  t h a t  th e  in a c t iv a t io n  was th o u g h t to  inv o lv e  

lAA^ r a d i c a l s .
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I : \ • i
FIGURE ZL.  Graphs to  show th e  r a t e s  o f  lAA breakdown In  a  sample o f

M i l

^ 4 .

r e a c t io n  m ix tu re  c o n ta in in g  e x t r a c t  (A) and in  d u p lic a te  ^

sam ples to  which supplem entary  amounts o f  lAA were added 

a t  d i f f e r e n t  .tim es d u rin g  th e  co u rse  o f  th e  o x id a tio n *
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I I I  ! •  THE EFFECT ON THE ”IAA-OXIDASE« ACTIVITIES OF EXTRACTS (A)

AND (B) OF HIGH-SPEED CENTRIFUGING.

E x tra c ts  (A) and (B) were p rep a red  a s  d e sc r ib e d  un d er "M ethods",

S e c tio n  I I ,  and t h e i r  "lA A -oxidase" a c t i v i t i e s  de te rm ined  in  "Bakhsh" 

r e a c t io n  m ix tu re s  ( th e  co m p o sitio n  o f  w hich i s  g iv en  un d er i .  on 

page 8 2 ) ,  a s  d e sc r ib e d  under "Methods" S e c tio n s  IV-1 and I I I - l .

10 m l. q u a n t i t i e s  o f  th e  r e a c t io n  m ix tu re s  were made up and th e s e  were 

sam pled a t  "ze ro  tim e"  and a t  10 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a  

p e r io d  o f  50 m in u te s . Samples o f  th e  e x t r a c t s  (A) and (B) were th e n  

c e n tr ifu g e d  a s  d e sc r ib e d  under "M ethods", S e c tio n  V -1, and th e  "lA A -oxidase" 

a c t i v i t i e s  o f  th e  c e n tr ifu g e d  e x t r a c t s  de te rm ined  a s  b e fo re  -  ex cep t 

t h a t  sam pling was co n tin u ed  f o r  80 m in u te s . The r e s u l t s  a re  g iv en  

in  f i f u r e  25 in  w hich th e  absorbkncy v a lu e s  have been p lo t t e d  d i r e c t l y .

The g rap h s o f  f ig u r e  25 in d ic a te d  t h a t  th e  e x t r a c t s  (A) and (B) 

r e ta in e d  m ost o f  t h e i r  "lA A -oxidase" a c t i v i t y  a f t e r  tre a tm e n t by h ig h -sp e ed  

c e n t r i f u g in g .  T h is  confirm ed th e  su p p o s it io n  t h a t  th e  enzyme re s p o n s ib le  

was a  s o lu b le  one -  t h a t  i s  p e ro x id a se , and was n o t  lo c a te d  in  th e  

p a r t i c u l a t e  f r a c t i o n  ( f o r  example in  th e  m ito c h o n d ria ) . A d e c re a se  in  

a c t i v i t y  however d id  o ccu r w ith  b o th  e x t r a c t s .  T h is  was m a n ife s te d  a s  

an  in c re a s e  in  th e  le n g th  o f  th e  la g  p e r io d  ( e x t r a c t  (A) and e x t r a c t  (B) ) 

and a s  a  d e c re a se d  r a t e  o f  r e a c t io n  ( e x t r a c t  (A) o n ly ) . I t  was p ro b ab ly  

caused  by a llo w in g  th e  e x t r a c t s  to  s ta n d  f o r  a  r e l a t i v e l y  long  p e r io d  

a t  room te m p e ra tu re  b e fo re  and a f t e r  th e  c e n tr i f u g in g  (w hich was c a r r ie d  

o u t  a t  10°C ).
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Both b e fo re ,  and a f t e r  c e n t r i f u g in g  th e  a c t i v i t y  o f  e x t r a c t  (B) 

was h ig h e r  th a n  t h a t  o f  e x t r a c t  (A ). Thus th e  maximum r a t e s  a t t a in e d  

w ith  e x t r a c t  (B) were s l i g h t l y  f a s t e r  th a n  th o se  a t t a in e d  w ith  e x t r a c t  

(a) ,  w h ile  th e  le n g th s  o f  th e  la g  p e r io d s  w ith  (B) were c o n s id e ra b ly  

s h o r te r  th a n  w ith  (A ).
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F ir i ire  25 . Graphs to  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu re s  c o n ta in in g  sam ples o f  e x t r a c t s  (A) o r  (B ), 

b e fo re  and a f t e r  tre a tm e n t o f  th e  e x t r a c t s  by h ig h ­

speed c e n tr ifu g in g #
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I I I  2 . THE EFFECT ON THE ” lAA-OXIDASE” ACTIVITIES OF EXTRACTS (A)

AND (B) OF DIALYSIS AGAINST DISTILLED WATER.

E x tra c ts  (A) and (B) were p repared  as d e sc r ib e d  under "Methods", 

S e c tio n  I1 - .  and t h e i r  "lA A -oxidase" a c t i v i t i e s  determ ined as 

d e sc rib e d  under "M ethods", S e c tio n s  IV-1 and I I I - l #  Two ty p es  o f  

r e a c t io n  m ix tu re  were u sed , f i r s t l y  th e  "Bakhsh" re a c t io n  m ix tu re  as 

g iven  under i .  on page 8 2 ,  and second ly  a  s im ila r  r e a c t io n  m ix ture  in  

which a  p h o s p h a te -c it r a te  b u f fe r  pH 5 was s u b s t i tu te d  fo r  th e  phosphate* 

c i t r a t e  b u f f e r  pH A. 10 ml. amounts were made up and th e se  were 

sampled a t  "ze ro  tim e" and a t  in te r v a l s  o f  15 m inutes th e r e a f t e r  f o r  

a  p e rio d  o f  1 h o u r. Samples o f  th e  e x tr a c ts  (A) and (B) were th e n  

d ia ly se d  a g a in s t  d i s t i l l e d  w a te r a s  d e sc rib e d  under "M ethods", S e c tio n  

V-2. The rem ainders o f  th e  two e x t r a c ts  were s to re d  in  t e s t  tu b es  

s tan d in g  in  b eak ers  o f  w a te r in  th e  r e f r i g e r a to r  a t  +2^0. A fte r  a  

p e rio d  o f  3 days th e  a c t i v i t y  o f  th e  d ia ly se d  and s to re d  e x tr a c ts  was 

determ ined  a t  pH 4 and a t  pH 5 a s  b e fo re . The r e s u l t s  a re  shown in  

f ig u re s  26a and 26b and 27a and 27b.

F ig u re s  26a and 26b show th e  r a t e s  o f lAA breakdown o b ta in ed  in  

re a c t io n  m ix tu res  b u ffe re d  a t  pH 4 . The a c t i v i t i e s  o f  th e  f r e s h ly  

p repared  e x t r a c t s  (A) and (B) have been p lo t te d  on bo th  f ig u re  26a 

and f ig u re  26b. In  f ig u re  26a however th ey  a re  shown a lo n g s id e  th o se  

o f th e  e x t r a c t s  which had m erely  been s to re d , w h ile  in  f ig u re  26b th ey  

a re  shown a lo n g s id e  th o se  o f  th e  e x t r a c ts  which had been d ia ly s e d . 

F ig u re /



— 159* *

F ig u res  27a and 27b show th e  co rrespond ing  r a t e s  o f  IAA breakdown in  

r e a c t io n  m ix tu res  b u ffe re d  a t  pH 5 .

An exam ination  o f  f ig u r e s  26a and 26b in d ic a te d  t h a t  th e  a c t i v i t y  

o f  b o th  e x t r a c t  (A) and e x t r a c t  (B) rem ained unchanged a t  th e  end o f  a

3 day p e rio d  o f  d i a ly s i s  ^  s to ra g e . F igu re  27b on th e  o th e r  hand

showed t h a t  a f t e r  d i a ly s i s  f o r  3 d ay s , th e  a c t i v i t y  o f  b o th  e x tr a c t

(A) and (B) had d im in ished  s l i g h t l y .  However, 27a showed t h a t  a 

s im ila r  d e c lin e  had tak e n  p lac e  in  th e  s to re d  e x t r a c t s .  A f u r th e r  

graph  was th e re fo re  drawn in  which th e  a c t i v i t i e s  o f  th e  s to re d  and 

d ia ly se d  e x t r a c ts  were p lo t te d  s id e  by s id e  ( f ig u re  2 8 ). T h is showed 

t h a t  th e  a c t i v i t y  o f  e x t r a c t  (A) which had been s to re d  f o r  3 days was 

p r a c t i c a l l y  th e  same as  t h a t  o f  e x t r a c t  (A) which had been d ia ly se d  

f o r  3 days. In  a d d it io n  th e  a c t i v i t y  o f  th e  " s to red "  e x t r a c t  (B) was 

a lm ost i d e n t i c a l  w ith  t h a t  o f  th e  "d ia ly se d "  e x t r a c t  (B ). These o b se r­

v a tio n s  in d ic a te d  t h a t  i t  was u n l ik e ly  t h a t  th e  d ec rea se  in  a c t i v i t y  o f  

th e  d ia ly re d  e x t r a c ts  was in  f a c t  caused by d i a l y s i s .  Thus th e  in a c t ­

iv a t io n  which took  p la c e  in  b o th  th e  d ia ly se d  and s to re d  e x t r a c ts  (A)

and (B) was p robab ly  due to  some f a c to r  which had a c te d  on a l l  fo u r

e x tr a c t s  e q u a lly . The most l i k e l y  e x p la n a tio n  seemed to  be t h a t  a l l  

th e  e x t r a c t s  had been allow ed to  s ta n d  a t  la b o ra to ry  tem pera tu re  f o r  

some tim e -  p o s s ib ly  s e v e ra l  h o u rs , d u rin g  th e  p e rio d  o f  d i a ly s i s  and 

s to ra g e  (p o ss ib ly  when th e  r e f r i g e r a t o r  was d e f ro s te d ) .

T h is ap p aren t la c k  o f  a  change in  enzyme a c t i v i t y  fo llo w in g  d i a ly s i s  

was n o t th e  expected  r e s u l t .  I t  had been th o u g h t, t h a t  in  view o f th e  

p re s e n c e /
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p resen ce  o f  an endogenous in h ib i to r  in  th e  pea ro o t  p re p a ra t io n s ,  th e  

p ro cess  o f d i a ly s i s  would have le d  to  th e  rem oval o f  th e  i n h ib i to r  and 

thence  to  an in c re a s e  in  "lA A -oxidase" a c t i v i t y .  Thus G alston  (1957) 

re p o r te d  t h a t  th e  i n h ib i to r  could  be c o l le c te d  from b r e i s  o f  pea t i s s u e  

( t h a t  i s  from th e  l e a f  b la d e s  and s t ip u le s  o f  lig h t-g ro w n  p la n ts )  by 

o v e rn ig h t d i a l y s i s .  An in c re a s e  in  th e  a c t i v i t y  o f  d ia ly se d  p rep a ra ­

t io n s  was observed by Mudd, Johnson, B u rr is  and B uchholtz (1959) u s in g  

qu ack -g rass  rhizom es and by Waygood, Oaks and M aclachlan (1956a) u sin g  

wheat le a v e s . A nother phenomenon observed by Mudd e t  a l .  and a ls o  by 

Re i n e r t ,  S ch raudo lf and R e in e rt (1957), which was n o t encountered  h e re , 

was a  s h i f t  in  th e  pH optimum o f  th e  enzyme p re p a ra tio n  from 4 to  5 a f t e r  

d i a l y s i s .  However, w hereas Mudd e t  a l .  had found a  d e f in i t e  in c re a se  in  

a c t i v i t y  o f  th e  enzyme ( th e  lag: p e rio d  was found to  a lm ost com plete ly  

ab o lish e d ) w ith  q u ack -g rass  rh izom es, R e in e rt e t  a l .  had found th a t  

d i a l y s i s  o f th e  crude ju ic e  o b ta in ed  from e t io la t e d  pea e p ic o ty ls  ( a t  

4^C f o r  18 hours w ith  3 changes o f  d i s t i l l e d  w ater) caused a  40 -  60% 

d e c rea se  in  enzyme a c t i v i t y .  S im ila r ly  Wagenknecht and B u rr is  (1950), 

u s in g  a  p re p a ra tio n  v e ry  l ik e  t h a t  o f  R e in e rt e t  a l .  reco rd ed  a  i  d ec rea se  

in  a c t i v i t y  a f t e r  o v e rn ig h t d i a ly s i s  a t  7^C a g a in s t  d i s t i l l e d  w a te r . I t  

seemed l i k e l y  t h a t  in  th e  p re s e n t  work, i f  a  more e f f i c i e n t  method o f  

d i a ly s i s  had been u sed , f o r  example one in v o lv in g  a  con tinuous flow  o f  

d i s t i l l e d  w a te r , and i f  th e  p ro cess  had been c a r r ie d  on f o r  lo n g e r , a  

rem oval o f  th e  i n h ib i to r  might have been e f fe c te d  euid an in c re a s e  in  

enzyme a c t i v i t y  o b ta in e d . However i t  was obvious t h a t  g re a t  ca re  

w ould /
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would have to  be ta k e n  to  avo id  any in c re a s e s  in  tem p era tu re , even though 

o n ly  tem porary , s in c e  th e s e  were l i k e l y  to  a c c e le ra te  in a c t iv a t io n  o f  th e  

enzyme. I t  was t h e o r e t i c a l ly  p o s s ib le  a ls o ,  t h a t  p ro longed  d ia ly s i s  

m ight remove th e  n a tu r a l  a c t iv a to r  o f  th e  enzyme re p o r te d  to  have been 

found in  peas (S h arp en s teen  and G a ls to n , 1959) and th u s  le a d  to  a  d e c re a se  

in  enzyme a c t i v i t y ,  even a f t e r  th e  rem oval o f  th e  i n h ib i t o r .  The rem oval 

o f  manganese m ight a ls o  have t h i s  e f f e c t .  N ev erth e le ss  -  i n  th e  absence 

o f  more conv inc ing  ev idence  f o r  th e  rem oval o f  an  a c t iv a to r  from pea 

e x t r a c t s  by d i a l y s i s  -  i t  seemed more p ro b ab le  t h a t  th e  d e c re a se s  in  

a c t i v i t y  o b ta in e d  on d i a ly s i s  by R e in e r t  e t  a l .  and by Wagenknecht and 

B u r r is  -  a s  w e ll  a s  th o se  in  th e  p re s e n t  in v e s t ig a t io n  -  were occasioned  

by some o th e r  ty p e  o f  " in a c t iv a t io n " .

The d i f f e r e n c e s  in  th e  "lA A -oxidase" a c t i v i t i e s  o f  e x t r a c t s  (A) and

(B) were a s  re p o r te d  in  " R e s u lts " , S e c tio n  I .  S im ila r ly  th e  d if f e r e n c e s  

in  th e  a c t i v i t i e s  o f  th e  e x t r a c t s  in  th e  r e a c t io n  m ix tu res  b u ffe re d  a t  pH 

4 and pH  ̂ were a s  re p o r te d  in  " R e s u lts " , S e c tio n  I I - l .
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F ig u re  28» Graphs to  show th e  r a t e s  o f  lAA breakdown in  r e a c t io n  

m ix tu res  a t  pH 5 c o n ta in in g  e x t r a c t s  (A) o r  (B) w hich 

had been e i t h e r  d ia ly s e d  f o r  3 days o r  s to re d  f o r  3 

d a y s . (D ata from f ig u r e s  27a and 2 7 b ).
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FURTHER STATISTICAL ANALYSIS OF THE DATA 

OBTAINED USING PEA ROOT EXTRACTS.

E stim â te s  o f  th e  fo llo w in g

1 . th e  tim e  tak e n  f o r  th e  r e a c t io n  to  rea ch  com pletion  (m in u te s ) ,

2 . th e  le n g th  o f  th e  la g  p e r io d  (m in u te s ),

3* th e  maximum r a t e  a t t a in e d  (change in  absorbancy/lO  m in u te s ) ,

were o b ta in e d  (where p o s s ib le )  from a l l  th e  g raphs g iven  under " R e su lts " , 

S e c tio n s  I ,  I I  and I I I .  These a re  g iv en  in  ta b le  13, below .
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Table 13. (NC = reac tio n  did not go to  completion)

F ig u re .
Time f o r  r e a c t io n  
to  rea ch  com pletion

Length o f 
Lag P e rio d

Maximum Rate 
A tta in e d .

(A) (B) (A) (B) (A) (B)
9a 35.25 30 .50 15.5 1 0 .0 .240 .241
9b 34.75 28.50 15 .0 3 .5 .240 .250
9c 34.75 31.00 14 .5 1 2 .0 .252 .265

10a 57.00 47 .50 24 .0 2 0 .0 .148 .172
10b 63 .00 45.75 23.5 1 8 .0 .124 .183
10c 59.75 52.00 21.5 19 .5 .128 .160
11 NO 102.00 33 .0 22 .5 .017 .052
12 35.75 31.25 16.5 9 .0 .254 .267

19(pH 3) NO NC 51.0 38 .5 .022 .026
19(pH A) 30.50 25.75 8 .5 8 .5 .208 .268
19(pH 5) 35.00 32.00 13 .0 1 2 ,0 .201 .212
19(pH 6) NC NC 31 .0 30 .5 .076 .078
21(pH A) 32.50 «• 13.5 .262
ll(p H  6) NC - 4/w5 .033

22a 46 .50 30.50 10.5 6 .0 .124 .196
22b 41.00 30 .50 15.5 9 .0 .177 .228
22c 34.50 30 .50 15 .0 10 .0 .240 .241
22d 30.50 23.50 9 .5 5 .0 .204 .264
22e 35.00 25.50 14 .0 7 .5 .228 .265
22f 38.75 28.75 15 .5 9 .5 .199 .245
24(1) 45.50 18 .0 — .216
24(11) NC - 30.5 - .045
24(111) NC 7 .0 - .048
24(17) NC 4 .0 - .058 -

25 (UC) NC 40.00 29 .0 1 8 .0 .164 .204
25 (C) 73.75 52.00 33.5 2 6 .0 .118 .174
2 6 a(B efo r s)41.00 33.25 13.5 12 .5 .169 .224
2 6 a(A fte r, 44 .00 32.25 13 .0 1 3 .0 .153 .244
26b(Beforfe) As 26a M «•

26b (A fte r 44 .50 33.25 12 .5 1 2 .0 .147 .220
27a(B efore)44.V 5 37 .50 14 .5 13 .5 .147 .187
2 7 a (A fte r 48 .50 47 .00 20 .0 12 .5 .157 .136
27b(B efore) As 27a mm mm mm mm m

2 7 b (A fte r)  52.25 46.25 1 9 .0 12 .5 .137 .133
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T his d a ta  was th e n  examined from th e  p o in t  o f  view o f

a) D iffe re n c e s  betw een th e  v a lu e s  o f  th e  "A" s e r i e s  and th e  "B" 

s e r i e s ,  and

b) The r e l a t io n s h ip  betw een th e  le n g th  o f  th e  la g  p e rio d  and 

th e  maximum r a t e  a tta in e d *

For th e  pu rposes o f  a) above, th e  r e s u l t s  o f  t a b le  13 were - 

grouped a r b i t r a r i l y  in to  3 groups acco rd ing  to  th e  maximum r a t e  a t ta in e d  

in  th e  "A" s e r i e s :

Group 1 : Maximum r a t e  .200 to  #300

Group 2 I Maximum r a t e  .100  to  .200

Group 3 i Maximum r a t e  X  .1 0 0 , #

as  shown in  t a b le  14. (The d a ta  from f ig u re s  24 ( I I ) ,  24 ( I I I )  and 

24 (IV) was o m itted  s in c e  th e  r e a c t io n  m ix tu res  c o n ta in e d  supplem entary  

amounts o f  lAA). " t"  t e s t s  were c a r r ie d  o u t on th e  d a ta  o f  each g roup . 

The r e s u l t s  a re  shown in  ta b le  15 .
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Table 14. (NC = reac tio n  d id  not go to  completion)

Figure* Time f o r  r e a c t io n  
to  re a c h  com pletion

Length o f  
Lag P e rio d

Maximum R ate 
A tta in e d .

(A) (B) (A) (B) (A) (B)
9a 35.25 30.50 15 .5 10 .0 .240 .241
9b 34.75 28.50 1 5 .0 8 .5 .240 .250
9c 34.75 31 .00 14 .5 12 .0 .252 .265

12 35.75 31.25 16 .5 9 .0 .254 .267
19(pH 4) 30.50 25.75 8 .5 9 .5 .208 .268
19(pH 5) 35.00 32 .00 13 .0 12 .0 .201 .212
22c 34.50 30.50 15 .0 10 .0 .240 .241
22d 30.50 23.50 9 .5 5 .0 .204 .264
22e 35 .00 25.50 1 4 .0 7 .5 .228 .265

10a 57.00 47 .50 2 4 .0 20 .0 .143 .172
10b 63.00 45.75 23.5 18 .0 .124 .183
lOo 59.75 52.00 21.5 19 .5 .128 .160
22a 46.50 30.50 10.5 6 .0 .124 .196
22b 41.00 30.50 15 .5 9 .0 .177 .228
2 2 f 38.75 28.75 15 .5 9 .5 .199 .245

25 (UC) NC 40.00 29 .0 18 .0 .164 .204
25 (C) 73.75 52.00 33 .5 26 .0 .118 .174
26a (B efo re) 41.00 33.25 13.5 12.5 .169 .224
26a (A fte r ) 44 .00 32.25 13 .0 13 .0 .153 .244  •
26b (A fte r ) 44 .50 33.25 12 .5 12 .0 .147 .220
27a (B efo re) 44.75 37.50 14 .5 13.5 .147 .137
27a (A fte r ) 48 .50 47 .00 20 .0 12.5 .157 .136
27b (A fte r ) 52.25 46.25 19 .0 12.5 .137 .133

11 
19(pH 3) 
19(pH 6)

NC
NC
NC

102.00
NC
NC

3 3 .0
51 .0
3 1 .0

22 .5
38 .5
30 .5

.017

.022

.076

.052

.026

.073

I

cv

I

§■

I
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T able  15 . Means and " t"  v a lu e s  o b ta in ed  in  a  com parison o f  th e  d a ta  

f o r  th e  "A" and "B" s e r i e s .  (T able 14)* The number o f  

d eg rees o f  freedom  i s  g iven  in  b ra c k e ts .

= S ig n if ic a n t  a t  0 .1 ^ .

= 3 ig n i.f ic a n t a t  1%.

^ = S ig n i f ic a n t  a t  5%*

DATA IŒANS :
A B " t"  VALUES

TIME FOR REACTION 

TO REACH 

COMPLETION

Group 1 . 34.00 28 .72  

Group 2 . 50.33  39 .73  

Group 3 . -

4 .220  (16) 

2 .816  (24 )

LENGTH OF 

LAG PERIOD

Group 1 . 13 .5  9 .2  

Group 2 . 19 .0  1 4 .4  

Group 3 . 38 .3  30 .5

(d=2.608 (12)*) 

1 .963 ( 26)

0 .798  (4)

MAXIMUM RATE 

ATTAINED

Group 1 . .230 .253 

Group 2 . .149 .193 

Group 3 . .038 .052

2.485 (16) * 

3 .328  (26) 

0 .463  (4)

N ote* The v a r ia n c e s  o f  th e  v a lu e s  r e p re s e n tin g  th e  le n g th  o f  th e  

la g  p e rio d  in  group 1 w ere shown by an "F" t e s t  to  be s i g n i f i c a n t l y  

d i f f e r e n t*  "d" was th e r e fo re  determ ined  in s te a d  o f  " t " ,  u s in g  th e  

fo rm u la /
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fo rm u la , d = -  Xg

” i

and a ls o  th e  co rrespond ing  number o f  deg rees o f  freedom ( f ) ,  from  th e  

fo rm ula ,
1 2 /  

f  = _ _ _ _ _ _ _ _ _ _  where u  = ^1 ^^1 _____

n̂  — 1 n2 — 1
These a re  th e  v a lu e s  (d and f )  g iv en  in  th e  square  b ra c k e ts  in  ta b le  

above and in  t a b le  18 .

An exam ination  o f  t a b le  15 showed t h a t  a s  found in  " R e s u lts " , 

S e c t io n I ,  th e  tim e tak e n  f o r  th e  r e a c t io n  to  reach  com pletion  was 

s ig n i f i c a n t l y  low er i n  th e  "B" s e r i e s  th a n  in  th e  "A" s e r i e s  (Groups 1 

and 2 ) .  T h is  appeared  to  have been  due to  d i f f e r e n c e s  b o th  in  th e  

le n g th  o f  th e  la g  p e rio d  and a ls o  in  th e  maximum r a t e  a t t a in e d .  (The 

" t"  Value f o r  th e  le n g th  o f  th e  la g  p e rio d  in  Group2 a ls o  approached 

s ig n i f ic a n c e  i t  = 1 .936  w ith  26 d eg rees  o f  freedom ; Cf 5% v a lu e  o f  

t  = 2 .0 5 6 ) . F a i lu re  o f  one o r  more o f  th e  " t "  v a lu e s  to  re a c h  s i g n i f i ­

cance in  th e  rem ain ing  groups was p ro b ab ly  a t t r ib u t a b le  to  th e  v e ry  

he te rogeneous n a tu re  o f  th e  ex p erim en ts .

The above r e s u l t  was in  acco rd  w ith  th e  f in d in g  o f  S e c tio n  I  -  a s  

f a r  a s  th e  low er enz^one c o n c e n tra tio n  was concerned . In  S e c tio n  I  

however i t  was found t h a t  a t  th e  h ig h e r  enzyme c o n c e n tra tio n  -  o n ly  a 

d i f f e r e n c e  betw een th e  le n g th  o f  th e  la g  p e rio d  was o b se rv ed . Never­

t h e l e s s /
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th e le s s  i t  seemed a d v isa b le  to  t r e a t  th e  d a ta  o f  S e c tio n  I  w ith  

p a r t i c u l a r  re s e rv e  -  on accoun t o f  th e  sm all number o f  sam ples 

in v o lv e d .

The d a ta  f o r  th e  le n g th s  o f  th e  la g  p e r io d s , and th e  maximum 

r a t e s  a t ta in e d  g iven  in  t a b le  14 was a ls o  su b je c te d  to  re g re s s io n  

a n a ly s is  -  i n  o rd e r  to  de term ine  th e  r e la t io n s h ip  betw een th e s e  two 

f a c t o r s .  The v a lu e s  f o r  th e  "A" and th e  "B" s e r i e s  were an a ly sed  

s e p a ra te ly  and s t a t i s t i c a l l y  s ig n i f i c a n t  v a lu e s  were o b ta in ed  f o r  

th e  e s tim a te d  r e g re s s io n  c o e f f i c i e n t  (b) in  each  case  (where % = le n g th  

o f  la g  p e r io d , and y  = maximum r a t e  a t t a in e d ) .  These were 

b = -0 .005142 ("A" s e r ie s )  and b = -0 .007053 ("B" s e r i e s ) .  The v a lu e  

f o r  b ("B" s e r i e s )  was h ig h e r  th an  t h a t  f o r  b ("A" s e r i e s ) ,  b u t th e  

d if f e r e n c e  was n o t s i g n i f i c a n t .

( t  ~ b^ — b2
w ith  n^+ U2 ~ 4  d eg rees o f  freedom,

= 1 .438 w ith  51 d eg rees  o f  freedom .

C f. 5% v a lu e  o f  t  (60 d . o f  f . )  = 2 .000 ) .

Itw as concluded th e r e f o re  t h a t  th e r e  was an in v e rse  l i n e a r  r e la t io n s h ip  

betw een th e  le n g th  o f  th e  la g  p e rio d  and th e  subsequent maximum r a t e  

a t t a in e d  in  any r e a c t io n  m ix tu re  -  a  r e s u l t  which was expec ted  from a 

s u b je c t iv e  assessm ent o f  th e  graphs o b ta in e d .
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F u r th e r  d is c u s s io n  o f  th e  r e s u l t s  o u t l in e d  here  w i l l  be re se rv e d  

u n t i l  th e  a n a ly s is  o f  th e  a d d i t io n a l  d a ta  to  be g iven  below has been 

d e s c r ib e d .

A d d itio n a l d a ta .

A f u r th e r  s e t  o f  d a ta  s im i la r  to  th a ta l r e a d y  o b ta in ed  from 

" R e su lts " , S e c tio n s  I ,  I I  and I I ,  i s  g iven  below ( ta b le  1 6 ) . I t  was

o b ta in ed  from  experim ents w hich a re  n o t d e sc r ib e d  e lsew h ere . However

th e  e x p srim e n ta l c o n d itio n s  were s im ila r  to  th o se  used  in  S e c tio n  Ï -1  i ,  

and o n ly  b r i e f  d e t a i l s  a re  g iv en  to  in d ic a te  where th e y  d i f f e r e d  

( ta b le  1 7 ) . An a d d i t io n a l  group (Group 0) has been in c lu d ed  which 

c o n ta in s  th e  v a lu e s  from experim en ts in  which th e  maximum r a t e  o b ta in e d  

in  th e  "A" s e r i e s  -  ex p ressed  a s  change in  absorbancy  /  10 m inutes -  

was betw een .300 and . 400 .
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Tnble 16* (NC = reac tio n  did not go to  com pletion).

Experim ent Time f o r  r e a c t io n  
to  reach  com pletion

Length o f  
Lag P e rio d

Maximum Rate 
A tta in e d .-

(A) (B) (A) (B) (A) (B)
1 16.50 14.75 7 .5 4 .0 .478 •448
2 17.00 13.50 7 .0 4 .3 .476 .518
3 20.00 17.75 7 .3 6 .5 .390 .440
4 21.75 19.50 8 .5 8 .0 .356 .424
5 19.25 15.00 6 .3 4 .0 .392 .450

6 32.00 20.00 12 .5 6 .5 .214 .326
7 22.50 33.50 12 .0 8 .5 .217 .343
8 25.50 20.25 9 .0 7 .5 .290 .414
9 28.25 16.75 10 .8 5 .3 .256 .410

10 41.25 33.50 13.5 12 .5 .169 .224
11 N C N 0 22.0 17 .0 .182 .197
12 43.00 39.00 12.5 11 .0 .151 .167
13 44.00 34.00 12 .0 12.5 .151 .220
14 49.50 43 .00 19.8 16.5 .137 .133
15 44.75 38.00 14.5 13 .5 .147 .187
16 50.00 47 .50 19 .8 13.5 .157 .136
17 51.00 42.75 19 .3 16 .5 .146 .178
18 74.25 45.50 25.3 20 .5 .109 .212
19 51.50 29.75 19.3 8 .5 .164 .248
20 46 .00 26.25 18.5 6 .8 .194 .268

21 N 0 N 0 38.5 4 3 .0 .036 .048
22 N 0 N C 45.5 43 .5 .041 .045
23 N C N C 37.5 38 .5 .048 .067
24 106.00 45.75 33 .0 1 5 .0 .069 .164
25 94.00 57.50 16 .3 .090 .129
26 103.00 61.75 3 6 .0 26.0 .084 .136
27 83.50 43.00 3 2 .0 15 .3 .095 .178
28 N 0 69.50 51.5 29 .3 .073 .130
29 H C 57.50 54.8 21.5 .070 .136

I
I

§•
2O
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T able  17 . E xperim ental c o n d itio n s  used  in  experim en ts 1 -  29 o f  

t a b le  16 (where th ey  d i f f e r e d  from th o se  d e sc r ib e d  

under " R e s u lts " , S e c tio n  I - l  i  on page 82 .)

E xperim ent. E xperim en tal D e ta i ls
(1) = B re i made up to  100 m l. in s te a d  o f  150 m l.
(2) = In c u b a tio n  a t  room tem p era tu re  in s te a d  o f  25°G.

1 , 2 . (1)

3 , 4 . C u ltu re  s o lu t io n s  renewed a f t e r  24 h o u rs . ( l ) .

5 . Seeds germ inated  in  sand f o r  3 days.

6 . (1) (2)

7 , 8 . Enzyme d i lu te d  (2 p a r t s  enzyme i 1 p a r t  d i s t i l l e d  
w a te r) ( l )

9 . P la n ts  g iven  1 hour l i g h t  tre a tm e n t b e fo re  h a rv e s t .  
Enzyme d i lu te d  (2 p a r t s  enzyme : 1 p a r t  d i s t i l l e d  
w a te r)  ( l ) .

10.

11. (1) (2)

12, 13. Enzyme d ia ly s e d  f o r  3 d ay s.

u . Enzyme d ia ly se d  f o r  3 d ay s. pH o f  r e a c t io n  m ix tu re  5 .

15 , 16 . pH o f  r e a c t io n  m ix tu re  5#

17. C u ltu re  s o lu t io n s  n o t renewed (2 ) .

18. Enzyme d i lu te d  (1  p a r t  enzyme % 1 p a r t  d i s t i l l e d  
w a te r)  ( l ) .

19 . 1 day -  o ld  ro o ts  ( l )

20. 1 day -  o ld  r o o t s .
P la n ts  g iven  1 hour l i g h t  tre a tm e n t b e fo re  h a r v e s t . ( l )

21 , 22. pH o f  r e a c t io n  m ix tu re  6 .
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T able  17 . (C o n tin u ed )•

Experim ent E xperim en tal D e ta i ls .

23. Enzyme d ia ly se d  f o r  6 d ay s. 
pH o f  r e a c t io n  m ix tu re  5 .

24, 25. 1 day -  o ld  r o o t s .
Enzyme d i lu te d  (1 p a r t  enzyme % 1 p a r t  d i s t i l l e d  
w a te r)  ( l ) .

26. 1 day -  o ld  r o o t s .
P la n ts  g iv en  ^  hour l i g h t  tre a tm e n t b e fo re  h a rv e s t 
(and lAA renew ed).
Enzyme d i lu te d  (1 p a r t  enzyme : 1 p a r t  d i s t i l l e d  
w a te r ) . ( l ) .

27. 1 day -  o ld  r o o ts .
P la n ts  g iven  1 hour l i g h t  tre a tm e n t b e fo re  h a rv e s t .  
Enzyme d i lu te d  (1  p a r t  enzyme : 1 p a r t  d i s t i l l e d  
w a te r ) . ( 1 ) .

28. 1 day -  o ld  r o o t s .
P la n ts  g iven  1 hour l i g h t  tre a tm e n t b e fo re  h a rv e s t 
(and lAA renew ed).
Enzyme d i lu te d  (1 p a r t  enzyme i 1 p a r t  d i s t i l l e d  
w a te r ) .  ( l ) .

29. 1 day -  o ld  r o o t s .
P la n ts  g iven  5 hours l i g h t  tre a tm e n t b e fo re  h a rv e s t 
(and lAA renew ed).
Enzyme d i lu te d  (1 p a r t  enzyme : 1 p a r t  d i s t i l l e d  
w a te r ) . ( l ) •
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T his d a ta  was an a ly sed  e x a c tly  a s  d e sc r ib e d  f o r  th e  d a ta  o f  

t a b le  14 . The r e s u l t s  o f  th e  " t"  t e s t s  a re  g iv en  in  ta b le  18. 

Again s ig n i f i c a n t  d i f f e r e n c e s  were o b ta in ed  in  a l l  th re e  c a te g o r ie s  

betw een th e  "A" s e r ie s  and th e  "B" s e r i e s .  S ig n if ic a n t  v a lu e s  

were a g a in  o b ta in ed  f o r  th e  e s tim a te d  r e g re s s io n  c o e f f i c i e n t s .

These were b =-0.006933 ("A" s e r i e s )  and b =-0.009743 ("B" s e r i e s ) .  

Again th e  v a lu e  f o r  b ("B" s e r i e s )  was h ig h e r th a n  th a t  f o r  b 

("A" s e r i e s ) ,  b u t pnce more th e  d if fe re n c e  was n o t s ig n i f i c a n t .

( t  = 1.631  w ith  54 d eg rees  o f  freedom . C f. 5% v a lu e  o f  t  

(60 d . o f  f . )  = 2 .0 0 0 ) .
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T able  18. Means and " t"  v a lu e s  o b ta in e d  in  a  com parison o f  th e  d a ta  

f o r  th e  "A" and "B" s e r i e s .  (T able 1 6 ) . The number o f  

d eg rees  o f  freedom i s  g iv en  in  b ra c k e ts .

¥¥¥ = S ig n if ic a n t  a t  0.1%.

= S ig n i f ic a n t  a t  1%.

V = S ig n i f ic a n t  a t  5%*

DATA MEANS 1
A B " t"  VALUES

TUÎE FOR REACTION Groiq) 0 18.90 16.10 1.912 (8)

TO REACH Group 1 27 .06 22 .63 1.049  (6)

COMPLETION Group 2 48.53 38 .38 2.319 (18) *

Group 3 96.63 52.00 6.281  (6) ***

Group 0 7 .32 5 .36 2.215 (8)

LENGTH OF Group 1 11.08 6.95 3 .979  (6)

LAG PERIOD Group 2 17.36 13.53 2 .484  (20) *

Group 3 40.79 27 .66 2 .781  (16) *

Group 0 .418 .456 1.275 (8)

MAXIMUM RATE Group 1 .244 .373
MM

4.458  (6)

ATTAINED Group 2 .155 .196 (d = 2 .877  (15)*  )

Group 3 .067 .115 (d = 1 .540 (9) )
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Regreaslon analvaia of the eom\>is>sà data from tables 14 and 16.

S ince th e  re g re s s io n  c o e f f i c i e n t s  o b ta in ed  f o r  th e  "B" s e r i e s  were 

h ig h e r  th a n  th o se  o b ta in e d  f o r  th e  "A" a e r ie s  (d a ta  o f  t a b le  14 and 

d a ta  o f  t a b le  1 6 ) , and i t  was observed  t h a t  th e  d i f f e r e n c e s ,  a ltho iig h  

n o t s i g n i f i c a n t ,  were y e t  app roach ing  s ig n if ic a n c e ,  th e  d a ta  from 

ta b le s  14  and 16 was pooled  and : r e g r e s s io n  c o e f f i c i e n t s  worked o u t 

from th e  combined d a ta  f o r  th e  "A" s e r i e s  and th e  "B" s e r i e s .  The 

v a lu e s  w ere, b = -  0.006233 ("A" s e r i e s )  and b = -  0,008768 ("B” s e r i e s )  

and th e  d i f f e r e n c e  was in  f a c t  found to  be s ig n i f i c a n t  a t  th e  5% l e v e l  

( t  = 2 .1 1 8  w ith  109 d eg rees  o f  freedom . C f. 5% v a lu e  o f  t  = 1 .9^0  

(w ith  120 d . o f  f . )  ) .  The r e g re s s io n  l in e s  based  on th e se  v a lu e s  a re  

g iven  in  f ig u r e s  29a and 29b to g e th e r  w ith  th e  95% con fidence  l i m i t s .  

The in d iv id u a l  v a lu e s  from ta b le s  14 and 16 a re  a ls o  p lo t t e d  in  th e s e  

f ig u r e s .
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F ig u re  29a. S c a t te r  diagram  to  i l l u s t r a t e  th e  r e la t io n s h ip  betw een 

th e  le n g th s  o f  th e  la g  p e rio d s  and th e  maximum r a t e s  

a t ta in e d  in  r e a c t io n  m ix tu res  c o n ta in in g  e x t r a c t  (A ).

F ig u re  29b. As f ig u re  29a f o r  r e a c t io n  m ix tu res  c o n ta in in g  e x t r a c t  (B ).



« Data fTom ,ta]bi€ 14. j 
• Data from.-..table 13:on iy  
O Data from table 16

(a) r e g r e s s io n  l in e  :

Y = 6 - 3 0 6 8  + (-0 -0 0 6 2 3 3  x)

lO 2 ?  3 0  4 0  50  6Ô
LENGTH OF LAG PERIOD —  MINUTES FIG. 29o
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In  f ig u re  29c b o th  r e g re s s io n  l in e s  a re  p lo t t e d  on th e  same graph 

to  f a c i l i t a t e  com parison. In  a d d it io n  average  v a lu e s  f o r  th e  le n g th s  

o f  th e  la g  p e rio d s  and maximum r a t e s  a t ta in e d  in  th e  and s e r i e s  

f o r  each  group were worked o u t (from  th e  d a ta  o f  t a b le  14 and ta b le  1 6 ) . 

These gave h y p o th e t ic a l  p o in ts  f o r  r e a c t io n  m ix tu res  (A) and (B) in  each  

group -  w hich a re  a ls o  p lo t t e d  in  f ig u re  29c .

The f a c t  t h a t  two re g re s s io n  l in e s  were o b ta in e d  ( f ig u re  29c)

showed t h a t  th e  r e la t io n s h ip  betw een th e  le n g th  o f  th e  la g  p e r io d  and 

th e  maximum r a t e  a t t a in e d  was a p p a re n tly  s l i g h t l y  d i f f e r e n t  in  th e  

r e a c t io n  m ix tu re s  c o n ta in in g  e x t r a c t  (A) and e x t r a c t  (B ). Thus f o r  

a  g iven  in c re a s e  in  th e  le n g th  o f  th e  la g  p e r io d , th e  d re c re a se  in  th e

maximum r a t e  a t t a in e d  was g r e a te r  f o r  m ix tu res c o n ta in in g  th e  (B) e x t r a c t

th a n  f o r  m ix tu res  c o n ta in in g  th e  (A) e x t r a c t .  T h is was co n sid ered  v e ry  

good ev idence  t h a t  th e  d i f f e r e n c e  betw een th e  a c t i v i t y  o f  th e  two ty p e s  

o f  e x t r a c t  cou ld  n o t have been  cuased  by a  q u a n t i ta t iv e  d if fe re n c e  

m erely  in  one component ( th e  enzyme) ^  in  a  complex o f  components such 

t h a t  th e  p ro p o r tio n s  o f  each in  th e  two system s rem ained u n a l te r e d .

I f ,  f o r  exam ple, e x t r a c t  (B) c o n ta in e d  a  h ig h e r  l e v e l  o f  enzyme th an  

e x t r a c t  (A) o r  a l t e r n a t iv e ly  a  h ig h e r  l e v e l  o f  enzyme to g e th e r  w ith  a  

h ig h e r  l e v e l  o f  i t s  a s s o c ia te d  i n h ib i to r s  an d /o r  a c t iv a to r s  -  th e n  th e  

p o in ts  would have f a l l e n  on one re g re s s io n  lin e *  I t  fo llo w ed  th e re fo re  

t h a t  a t  l e a s t  two components were hav ing  an e f f e c t  on th e  ” in d o le a c e t ic  

a c id  -  o x id ase ” a c t i v i t y  -  and a ls o  t h a t  th e  l e v e l  o f  a t  l e a s t  one o f

th e s e  was n o t th e  same in  th e  two ty p e s  o f  e x t r a c t .  ( I f  th e r e  were 

d i f f e r e n c e s /



-1 8 6 -

Fierure 29c. Diagram to  show th e  r e la t io n s h ip  betw een th e  average 

v a lu e s  o b ta in ed  in  Groups 0 - 3  f o r  th e  le n g th  o f  th e  

la g  p e rio d  and th e  maximum r a t e  a t ta in e d  -  in  r e a c t io n  

m ix tu res  o f  th e  "A” and s e r ie s  -  (d a ta  from ta b le s  

14 and 1 6 ), and th e  re g re s s io n  l in e s  o b ta in ed  from th e  

in d iv id u a l  v a lu e s  (se e  f ig u re s  29 and 29b ).
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d if f e re n c e s  in  th e  l e v e ls  o f  more th a n  one component, th e n  th e  r a t i o s

o f  th e s e  to  one « a n o th e r  -  o r  to  some non -  changing f a c to r  must have

been d i f f e r e n t ) *

An exam ination  o f  th e  s lo p e s  o f  th e  two r e g re s s io n  l in e s  

in d ic a te d  t h a t  th e  in h e re n t  d i f f e r e n c e  between th e  e x t r a c t s  -  

i r r e s p e c t iv e  o f  th e  number o f  f a c to r s  invo lved  -  must have r e s u l te d  

i n  e i t h e r ,

l )  a  d i f f e r e n c e  i n  la g  o r  maximum r a t e  which was o f  a  d i f f e r e n t

m agnitude a cc o rd in g  to  w hether th e  a c t i v i t y  o f  th e  e x t r a c t s  was

h ig h  ( r e l a t i v e l y  h ig h  maximum r a t e ) ,  o r  low ( r e l a t i v e l y  low 

maximum r a t e ) ,  o r

S) d i f f e r e n c e s  in  la g  and maximum r a t e  such t h a t  th e  m agnitude o f  th e  

e f f e c t  o f  one (o r  bo th ) was d i f f e r e n t  acco rd in g  to  th e  a c t i v i t y  

o f  th e  e x tra c ts *  (O therw ise th e  r e g re s s io n  l i n e s  would have been  

p a r a l l e l ) *

S ince  th e  r e g re s s io n  l in e s  c ro sse d  one an o th e r  i t  was ap p aren t 

t h a t  a t  a  c e r t a in  maximum r a t e  (where th e  d ec rea se  in  absorbancy /lO  

m inu tes a t  maximum r a t e  = app ro x im ate ly  0*2) th e  co rresp o n d in g  la g  

p e r io d  was i d e n t i c a l  in  th e  two ty p e s  o f  r e a c t io n  m ixture* Belov; 

t h i s  v a lu e , f o r  a  g iv en  ma::imum r a t e ,  th e  la g  p e r io d s  f o r  th e  (B) 

e x t r a c t s  were s h o r te r  th a n  f o r  th e  (A) e x tra c ts*  Above t h i s  v a lu e , 

however, f o r  a  g iv en  maximum r a t e ,  th e  la g  p e r io d s  f o r  th e  (B) e x t r a c t s  

were lo n g e r  th a n  f o r  th e  (A) e x tra c ts *  N e v e rth e le ss  w ith  th e  p a i r s  

o f /
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o f  r e a c t io n  mixtxipea used -  co n ta in in g  th e  same amount o f  e i th e r  

e x tr a c t  (A) o r  e x tr a c t  (B) -  th e  maximum r a te s  were in v a r ia b ly  h ig h er 

and th e  la g  p e rio d s  s h o r te r  w ith  th e  (B) e x tra c ts#  (As shown by th e  

average v a lu es p lo t te d  in  f ig u re  29c),

The above f a c t s  may be exp la ined  by assuming th a t  th e  r e la t io n s h ip  

o f maximum r a te  and le n g th  o f  la g  p e rio d  to  enzvme c o n ce n tra tio n  

(= c o n c e n tra tio n  o f  th e  e x tra c t)  a re  as shown in  th e  diagram  below.
MAXIMUM

RATL

COFMCEINTRATION

Diagram io_shox£ ih© suggested relationshipJ3et]g[een^^ conconir^tjjOa,

W  l._l& ngth & f_the_lgg_p^riod,_a#_ii._the_m ^^ ^t^aiqecL £o£

©34^âc£s_(A)_and_(B)^
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The maximum r a t e s  a re  shown to  v a ry  d i r e c t l y  and th e  la g  p e rio d s

in v e r s e ly ,  w ith  enzyme c o n c e n tra t io n  f o r  b o th  ty p e s  o f  e x t r a c t .

However,

1 , The r a t e  o f  v a r i a t i o n  in  th e  (A) e x t r a c t s  i s  g r e a te r  th a n  in  th e  

(B) e x t r a c t s  in  each  c a se . Thus f o r  a  g iv en  in c re a s e  i n  enzyme 

c o n c e n tra t io n , th e  in c re a s e  i n  maximum r a t e  and d e c re a se  i n  th e  

la g  p e r io d  a re  b o th  g r e a te r  w ith  an (A) e x t r a c t  th a n  w ith  a  (B) 

e x t r a c t ,

2 , When th e  (A) e x t r a c t  and th e  (B) e x t r a c t  a re  co n s id e re d  in d iv id u a l ly ,  

th e  change in  la g  p e r io d  w ith  enzyme c o n c e n tra tio n  i s  g r e a te r  th a n  

th e  co rre sp o n d in g  change in  maximum r a t e ,

3 , At r e l a t i v e l y  low c o n c e n tra tio n s  o f  enzyme th e  d i f f e r e n c e  betw een 

th e  la g  p e r io d s  in  th e  (A) and (B) e x t r a c t s  i s  l a rg e  compared to  

th e  d i f f e r e n c e  betw een th e  maximum r a t e s  w hereas a t  r e l a t i v e l y  

h ig h  c o n c e n tra t io n s  o f  enzyme th e  p o s i t io n  i s  re v e rs e d  and th e  

d iffe ren c e ^ ; i n  th e  la g  p e r io d s  i s  sm all compared w ith  th e  d i f f e r e n c e  

in  th e  maximum r a t e s ,  (T h is  i s  i l l u s t r a t e d  q u i te  w e ll  by th e  

h o r iz o n ta l  and v e r t i c a l  l i n e s  o f  f ig u re  29c -  co n n ec tin g  th e  

" h y p o th e t ic a l  p o in ts "  f o r  A d i f f e r e n t  c o n c e n tra tio n s  o f  th e  (A)

and (B) e x t r a c t , )

A, At c o n c e n tra tio n s  o f  enzyme s l i g h t l y  h ig h e r  th a n  th e  ones u sed  in

th e  experim en ts d e s c r ib e d , i t  i s  expected  t h a t  th e  la g  p e r io d s

would be n e g l ig ib le ,  w h ile  th e  d if f e r e n c e  in  maximum r a t e s  were

s t i l l  q u i te  c o n s id e ra b le ,  (When th e  r e g re s s io n  l i n e s  o f  f ig u re  29c 

a r e /
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a re  e x tr a p o la te d  to  zero  l a g ,  th e  maximum r a t e s  (ex p re ssed  a s  

change in  ab so rbancy /lO  m inu tes) f o r  th e  (A) and (B) e x t r a c t s  

a re  0 .305 and 0 ,350  r e s p e c t iv e ly , )

An im p o rtan t p o in t  i s  th e  f a c t  t h a t  th e  two l i n t e s  f o r  each  e x t r a c t  

(maximum r a t e  and la g )  i n t e r s e c t  a t  th e  same maximum r a t e  and la g
I

( th e s e  p o in ts  o f  i n t e r s e c t io n  a re  marked by c i r c l e s  on th e  diagram )

-  so t h a t  a t  a  c e r t a i n  enzyme c o n c e n tra tio n  w hich i s  low er f o r  th e  

(B) e x t r a c t  tlia n  th e  (A) e x t r a c t ,  th e  la g s  and maximum r a t e s  a re  

th e  same (s e e  a ls o  th e  p o in t  o f  i n t e r s e c t io n  o f  th e  r e g re s s io n  l in e s  

i n  f ig u re  2 9 c ) , From t h i s  p o in t  a  g iven  in c re a s e  in  th e  maximum 

r a t e  (from  (1) t o  (2) in  th e  d iagram ) i s  accompanied by a  g r e a te r  

d e c re a se  i n  th e  la g  p e r io d  f o r  (A) th a n  (B) and th e  la g  p e r io d  f o r  

(B) i s  th e r e f o r e  lo n g e r , A d e c re a se  in  th e  maximum r a t e  on th e  

o th e r  hand i s  accom panied by a  g r e a te r  d e c rea se  in  th e  la g  p e rio d  

f o r  (B) th a n  (A) so t h a t  t h a t  f o r  (B) io  " h o r te r .

The e f f e c t  o f  enzyme c o n c e n tra t io n  on th e  maximum r a t e s  and la g s  

was n o t s p e c i f i c a l l y  in v e s t ig a te d ,  b u t when, f o r  exam ple, th e  v a lu e s  

o b ta in e d  f o r  maximum r a t e  and la g  a t  two d i f f e r e n t  enzyme c o n c e n tra tio n s  

w ere p lo t t e d  i n  t h i s  way ( th e  d a ta  o f  experim en ts 2 and 18 , in  t a b le  1 7 ) , 

th e  g raph  shown in  f ig u r e  29d was o b ta in e d . I t  may be seen  t h a t  th e r e  

was a  good co rrespondence  w ith  th e  h y p o th e t ic a l  one -  and indeed  i f  

th e  s lo p e  o f  th e  l i n e  f o r  th e  (A) la g  p e rio d  w ere s l i g h t l y  g r e a te r ,  

th e n  th e  two would be i d e n t i c a l .

I f  th e  d e d u c tio n s  made above a re  c o r r e c t ,  th e n  i t  would be 

e x p e c te d /
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F ig u re  29d, Graph to  show th e  r e l a t io n s h ip  betw een th e  c o n c e n tra tio n  

o f  th e  e x t r a c t  and i .  th e  le n g th  o f  th e  la g  p e r io d , and 

i i .  th e  maximum r a t e  a t ta in e d  f o r  e x t r a c t s  ( ’A*) and * 

(»B*) -  d a ta  o f  experim en ts l i s t e d  a s  2 and 18 in  

t a b le  l7# - ;-

K)
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ex p ec ted  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  would be observed  betw een th e  

la g s  and maximum r a t e s  f o r  th e  (A) and (B) e x t r a c t s  in  a l l  th e  

experim en ts d e sc r ib e d  ( s in c e  th e  enzyme c o n c e n tra tio n s  were n o t 

s u f f i c i e n t l y  h ig h  f o r  a  d i f f e r e n c e  to  be found o n ly  in  th e  maximum 

r a t e . )  T h a t th e s e  d i f f e r e n c e s  w ere n o t alw ays s t a t i s t i c a l l y  

s ig n i f i c a n t  was p ro b ab ly  th e  r e s u l t  th e r e fo re  o f  e x c e ss iv e  v a r i a b i l i t y  

i h  th e  e s tim a te d  v a lu e s  -  a r i s in g  b o th  from in a c c u ra c ie s  in  th e  

o r ig in a l  e x p e rim e n ta l d e te rm in a tio n s  and a ls o  from th e  methods o f  o b ta in in g  

th e  e s t im a te s  from th e  graphs*

The i n t e r p r e t a t i o n  o f  th e s e  o b se rv a tio n s  i s  re se rv e d  u n t i l  th e  

"D isc u ss io n " .
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IV. A COMPARISON OF THE "IN VIVO lAA-OXIDASE ACTIVITIES" OF ROOTS

OF ETIOLATED PEA SEEDLINGS GROWN IN WATER AND ROOTS OF ETIOLATED 

PEA SElùDLINGS GROWN IN lAA SOLUTION 10"’̂ G./ML.

Pea s e e d lin g s  were grown in  w a te r  and in  lAA s o lu t io n

—7lO”  g . /m l .  aS d e s c r ib e d  u n d er "M ethods", S e c tio n  I .  Whole r o o t s  w ere 

h a rv e s te d  a f t e r  1 day and a f t e r  2 days and t h e i r  " lA A -oxidase" 

a c t i v i t i e s  d e te rm in ed  a s  d e s c r ib e d  under "M ethods", S e c tio n s  n r-2  and

I I I - l ,  The r e a c t io n  m ix tu re s  were sam pled a t  "ze ro  tim e" and a f t e r  

45 m inu tes  and 90 m inu tes ( r o o ts  o f  p la n t s  h a rv e s te d  a f t e r  1 day) 

o r  a t  "ze ro  tim e"  and a t  15 m inute  i n t e r v a l s  f o r  a  p e r io d  o f  45 m inu tes  

( r o o ts  o f  p l a n t s  h a rv e s te d  a f t e r  2 d a y s ) .  The r e s u l t s  a re  g iv en  in  

f ig u r e s  30a and 30b.
f

J2c£aâi£n_2jj, Pea s e e d lin g s  were grown in  w a te r  and in  lAA s o lu t io n  

10** g . /m l .  a s  d e s c r ib e d  u nder "M ethods", S e c tio n  I .  Whole r o o t s  w ere 

h a rv e s te d  a f t e r  2 d a y s , and t h e i r  "lA A -oxidase" a c t i v i t i e s  d e te rm in ed  

a s  d e s c r ib e d  u n d er "M ethods", S e c tio n s  IV-2 and I I I - l .  A number o f  

p l a n t s  w ere a ls o  a llow ed  to  grow f o r  a  f u r th e r  24 h o u rs  -  w ith o u t any 

f u r t h e r  ren ew al o f  th e  w a te r  and lAA s o lu t io n .  Whole r o o ts  were 

h a rv e s te d  from th e s e  and t h e i r  "lA A -oxidase" a c t i v i t i e s  a ls o  d e te rm in e d . 

A ll  th e  r e a c t io n  m ix tu resw ere  sam pled a t  "ze ro  tim e"  and a f t e r  20, 40 ,

60 and 70 m in u te s . The r e s u l t s  a re  g iv en  in  f ig u r e  31a and 31b.

The r e s u l t s  showed t h a t  th e  " in  v iv o  lA A -oxidase a c t i v i t i e s "  o f  

th e  r o o ts  h a rv e s te d  a f t e r  2 days and 3 days grow th in  lAA s o lu t io n  

w e re /
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were h ig h e r  th a n  th o se  o f  r o o ts  o f  th e  same ages grown in  w a te r  -  

( f ig u re s  30b, 31a and 3 1 b ).

The " in  v iv o  lA A -oxidase a c t i v i t i e s "  o f  th e  ro o ts  h a rv e s te d  

a f t e r  1 day w ere low er th a n  th o s e o f  th e  ro o ts  h a rv e s te d  a f t e r  2 

and 3 d ay s . The a c t i v i t i e s  o f  th e  ro o ts  h a rv e s te d  a f t e r  2 days were 

v a r ia b le  -  th o s e  o f  b o th  th e  w a te r  -  and lAA -  grown r o o ts  b e in g  

c o n s id e ra b ly  h ig h e r  on o c ca s io n  1 th a n  on o c ca s io n  2 . The a c t i v i t i e s  

o f  th e  r o o ts  h a rv e s te d  a f t e r  3 days were o f  th e  same o rd e r  a s  th o se

o f  th e  r o o ts  h a rv e s te d  a f t e r  2 d a y s .

The term  " in  v iv o  lA A -oxidase a c t i v i t y "  has been  used  f o r  th e  

"lA A -oxidase" a c t i v i t y  observed  under th e  c o n d it io n s  d e sc r ib e d  -  a s  

was done by G a ls to n  and D alberg  (1 9 5 4 ). However i t  seemed ex trem ely  

u n l ik e ly  t h a t  th e  b u lk  o f  th e  lAA b e in g  broken down was a c tu a l ly  

e n te r in g  th e  r o o t ,  and b e in g  b roken  down in  s i t u  th e r e  -  a lth o u g h  i t

was p ro b ab le  t h a t  some o f  th e  lAA w as’ in  f a c t  d e s tro y e d  in  t h i s  way.

Thus, ju d g in g  from th e  r e s u l t s  o b ta in e d  in  th e  n e x t s e c t io n  ( " R e s u l ts " ,  

S e c tio n  V) i t  seemed l i k e l y  t h a t  th e  g r e a te r  p a r t  o f  th e  lAA-breakdown 

was ta k in g  p la c e  i n  th e  e x te r n a l  s o lu t io n  -  where th e  v e ry  e f f e c t iv e  

a c t i v a t o r  o f  lAA o x id a tio n  -DCP -  to g e th e r  w ith  any enzyme e scap in g  in to  

th e  m ix tu re  -  o r  lo c a te d  on th e  o u te r  su r fa c e  o f  th e  r o o ts  -  would form  

a  pow erfu l lA A -oxidase system . (The components o f  th e  r e a c t io n  m ix tu re  

may have had a  damaging e f f e c t  on th e  c e l l s  o f  th e  ro o t  -  th u s  c au s in g  

th e  enzyme to  be s e t  f r e e ) .

The d i f f e r e n c e  betw een th e  a c t i v i t i e s  o f  th e  r o o ts  grown in  w a te r  

and th o se  grown in  lAA s o lu t io n  was somewhat d i f f i c u l t  to  e x p la in .

I t /
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i t  seemed r a th e r  s u r p r i s in g  in  th e  f i r s t  p la c e  t h a t  i t  shou ld  be 

shown up so c o n s i s t e n t ly  in  th e s e  v e ry  crude ex p e rim e n ts . I f ,  as 

su g g e s te d , th e  b u lk  o f  th e  lAA o x id a t io n  was ta k in g  p la c e  in  th e  

e x te r n a l  s o lu t io n ,  th e  d i f f e r e n c e  m ight have been  due to  th e  ease  w ith  

which a  component o f  th e  o x id ase  system  (o r  an  i n h ib i to r )  was b e in g  

r e le a s e d  from  th e  c e l l s ,  r a th e r  th a n  to  a c tu a l  c o n c e n tra t io n  

d i f f e r e n c e s  o f  such su b s ta n c e s  in  th e  t i s s u e s .  A l te r n a t iv e ly  th e  

DCP m ight have p e n e tra te d  in to  th e  t i s s u e s  o f  th e  lAA-grown r o o ts  

more r e a d i ly  th a n  in to  th o se  o f  th e  w ater-grow n ro o ts  -  th u s  cau sin g  

e i t h e r  an  enhanced r a t e  o f  lAA breakdown th e r e  o r  a  g r e a te r  r e le a s e  o f  

some component o f  th e  o x id ase  system  (a s  m entioned above) in to  th e  

e x te rn a l  s o lu t io n .  In  f a c t ,  th e  m ost l i k e l y  s t a t e  o f  a f f a i r s  was 

th o u g h t to  be t h a t  a  r a p id ly  d i f f u s in g  su b s tan ce  -  such  a s  an 

i n h i b i t o r  -  was p re s e n t  a t  a  h ig h e r  c o n c e n tra tio n  in  th e  t i s s u e s  o f  

th e  r o o ts  grown in  w a te r , th a n  in  th e  t i s s u e s  o f  th e  r o o ts  grown in  

lAA s o lu t io n ,  and t h a t  i t  d i f fu s e d  o u t in to  th e  e x te r n a l  s o lu t io n s  in  

q u a n t i t i e s  w hich w ere p ro p o r t io n a l  to  th e s e  c o n c e n tra t io n s  -  le a d in g  

th e re b y  to  th e  o bserved  marked d i f f e r e n c e s  in  th e  "lA A -oxidase" 

a c t i v i t i e s .  A lthough m ere ly  s p e c u la t io n ,  i t  was t h i s  id e a  w hich 

f i n a l l y  prom pted th e  d e c is io n  to  examine th e  i n h ib i t o r  l e v e l s  o f  th e  

e x t r a c t s  (A) and (B) -  a s  was done in  S e c tio n  V I. (The i n h ib i t o r  

l e v e l s  o f  th e  "am bien t s o lu t io n s "  was u n fo r tu n a te ly  n o t exam ined).



F ig u re  3 0 a . Graphs to  show th e  " in v iv o  lA A -oxidase a c t i v i t i e s ” 

o f  th e  r o o ts  o f  p la n t s  grown f o r  1 day in  w a te r  o r
n

i n  lAA s o lu t io n  10~ g . /m l .  (O ccasion  1 ) .

F ig u re  30b. Graphs to  show th e  " in  v iv o  lA A -oxidase a c t i v i t i e s "

o f  th e  r o o ts  o f  p la n ts  grown f o r  2 days in  w a te r  o r

—7 'in  lAA s o lu t io n  lO"* g ./m l .  (O ccasion  1)*
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F jg u re  31a . Graphs to  show th e  v iv o  lA A -oxidase a c t i v i t i e s ’*

o f  th e  r o o ts  o f  p la n t s  grown f o r  2 days i n  w a te r  o r
—7in  lAA s o lu t io n  10* g ./m l*  (O ccasion  2 ) .

F ig u re  31b* Graphs to  show th e  **in v iv o  lA A -oxidase a c tiv it ie s * *

o f  th e  r o o ts  o f  p la n ts  grown f o r  3 days in  w a te r  o r
—7

ip. lAA s o lu t io n  lO " g* /m l. (O ccasion  2 ) .
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V. A COMPARISON OF THE «IAA-OXIDASE" ACTIVITIES OF SOLUTIONS IN 

WHICH ROOTS OF ETIOLATED PEA SEEDLINGS GROWN IN WATER AND OF 

ETIOLATED PEA SEEDLINGS GROWN IN lAA SOLUTION 1 0 " ^ G ./^ .  HAD 

BEEN INCUBATED.

n
Pea aeed lin g s  were grown in  w a ter and in  lAA s o lu t io n  lO” g*/ml« 

f o r  2 days, as d e sc rib ed  under "Methods” , S ec tio n  I .  Whole ro o ts  

were h a rv ested  and incubated  in  s o lu tio n s  co n ta in in g  phosphate- 

c i t r a t e  b u f fe r  pH 4- and DCP fo r  p e rio d s  o f 1 , 3 and 24 h o u rs . The

ro o ts  were then  removed and th e  ” lAA-oxidase” a c t i v i t i e s  o f  th e  

"am bient s o lu t io n s ” determ ined . D e ta ils  o f the  p rocedures used a re  

g iven  under "Methods” , S ec tio n s IV-3 and I I I - l .  A " c o n tro l"  re a c t io n  

m ixture was a ls o  p repared  in  which lAA was added to  a b o ile d  "am bient 

so lu tio n "  (from 24 hours in c u b a tio n ) . The in te r v a ls  a t  which th e  

re a c t io n  m ix tu res were sampled f o r  r e is u d a l  lAA e s tim a tio n  a re  shown 

below I-

"Ambient s o lu t io n ” "Ambient s o lu tio n ” "Ambient so lu t io n ”
from 1 h o u r 's  in c u b a tio n , from 3 hours * in cu b a tio n  from 24 hours ' incubation

Unboiled B oiled

0 m inutes 
10 "
20 "
30 "
40 "
70 "
Next day

0 m inutes 
30 "
60 "

Next day

0 m inutes 0 m inutes 
10 ”  60 "

20 ”

30 "
40 "
50 "
60 "

The r e s u l t s  a re  g iven  in  f ig u re s  32a, 32b and 32c.



- 205-

o f  th e  e£ £ & £ t_ Q i_ l^d ec rea3 ln g  th e  number o f  r o o ts  and . 

Z. in c re a g in g  th e  a o a c e a t r a t lo n  o f  th e  DCP. on th e  "lAA-o x ld a se "  

a c t lY i t i e a  o f  th e  "am bient s o lu t lo n a ” .

Roots o f  p la n ts  w hich been grown in  w a te r  f o r  2 days  were used 

f o r  t h i s  ex p erim en t. Two groups o f  12 ro o ts  w ere in cu b a te d  f o r  24 

hours a s  d e sc r ib e d  under "M ethods", S e c tio n  IV -3 , in  s o lu t io n s  to  

w hich a DCP s o lu t io n  e i t h e r  o f  4  % lO ^ ^ g ./ia l. o r  o f  1 0 "^ g ./m l. was 

added; The "lA A -oxidase" a c t i v i t i e s  o f  th e  r e s u l t i n g  "am bient 

s o lu t io n s "  were th e n  d e te rm ined  a s  d e sc r ib e d  under "M ethods", S e c tio n s

IV-3 and I I I - l .  A f u r t h e r  two g ro u p s, each o f  6 r o o t s ,  were in c u b a te d

f o r  24 h o u rs  in  th e  s o lu t io n s  to  w hich a  DCP s o lu t io n  e i t h e r  o f  4  x  10
—3 #

g ./m l .  o r  o f  10" . /m l .  was added . The "lA A -oxidase" a c t i v i t i e s  o f

th e  r e s u l t i n g  "am bient s o lu t io n s "  was th e n  d e te rm in ed  a s  b e fo r e .  The

i n te r v a l s  a t  w hich th e  r e a c t io n  m ix tu res  w ere sam pled f o r  r e s id u a l  LAA

e s t im a t io n  a re  shown below .

12 r o o ts  had been  in c u b a te d .

0 m in u te s- 
10 "

20 "

30 "
40 "
50 "
60 "

^  "

"Ambient s o lu t io n s "  i n  w hich
6 ro o ts  had been in c u b a te d .

0 m inu tes 
60 "
90 "

The r e s u l t s  a re  shown in  f ig u r e  33 .

* (The c o n c e n tra tio n s  o f  DCP in  th e  r ^ c t i o  
5 X 10-5  g ./m l .  and 1 .2 5  % lQ -4  g . / m l J .

on m ix tu re s  w ere th e r e f o re
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The r e s u l t s  showed t h a t  th e  "am bient s o lu t io n s "  p re p a re d  by 

in c u b a tin g  th e  ro o ts  f o r  1 hour c o n ta in e d  v e ry  l i t t l e  lA A -ox id ising  

a c t i v i t y  ( f ig u r e  3 2 a ) . A c e r t a i n  amount o f  o x id a t io n  d id  ta k e  p la c e  

in  th e  f i r s t  hour a f t e r  th e  a d d i t io n  o f  th e  lAA, and a f t e r  a  much 

lo n g e r  p e r io d  had e la p se d  (ab o u t 24  ho u rs) i t  was found t h a t  t h i s  

amount had in c re a s e d  s l i g h t l y .  T here appeared  to  be no marked 

d i f f e r e n c e  betw een th e  a c t i v i t y  o f  th e  "am bient s o lu t io n "  p re p a re d  

by in c u b a tin g  th e  r o o ts  grown in  w a te r  and o f  t h a t  p rep a red  from 

th o se  grown in  lAA s o lu t io n .  Thus th e  a c t i v i t y  o f  th e  "am bien t s o lu t io n "  

p re p a re d  from th e  lAA-grown r o o ts  was th e  h ig h e r  o f  th e  two d u rin g  th e  

f i r s t  h o u r, b u t th e  t o t a l  amount o f  lAA b roken  down in  i t  was found to  

be s m a lle r .

The r e s u l t s  o b ta in e d  u s in g  "am bient s o lu t io n s "  p rep a red  by 

in c u b a tin g  th e  r o o ts  f o r  3 hou rs ( f ig u re  32b) were s im i la r ,  ex cep t 

t h a t  f i r s t l y  th e  a c t i v i t y  o f  th e  "am bient s o lu t io n "  p re p a re d  from 

th e  r o o ts  grown in  lAA s o lu t io n  was s l i g h t l y  low er th an  t h a t  o f  th e  

c o rre sp o n d in g  s o lu t io n  p rep a red  from th e  r o o ts  grown in  w a te r , and 

seco n d ly  t h a t  when th e  two r e a c t io n  m ix tu res  were examined n e x t day 

-  i t  was found t h a t  th e  lAA had been co m p le te ly  d e s tro y e d  in  th e  one 

c o n ta in in g  "am bient s o lu t io n "  p rep a red  from lAA-grown r o o t s .

The r e s u l t s  o b ta in e d  u s in g  "am bient s o lu t io n s "  p re p a re d  by

in c u b a tin g  th e  ro o ts  f o r  24  h ou rs  ( f ig u re  32c) showed t h a t  th e s e

s o lu t io n s  c o n ta in e d  a  v e ry  a c t iv e  lA A -oxidase sy stem . Thus th e  lAA

added was co m p le te ly  d e s tro y e d  a f t e r  1 h o u r. The a c t i v i t y  o f  th e  

"am b ien t/
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" am bient s o lu t io n "  p rep a red  u s in g  th e  ro o ts  o f  p la n t s  grown in  lAA 

s o lu t io n  was g r e a te r  th a n  t h a t  p re p a re d  u s in g  th e  r o o ts  o f  p la n ts  

grown in  w a te r . No lAA breakdown was observed  in  th e  " c o n tro l"  

r e a c t io n  m ix tu re s  w hich c o n ta in e d  sam ples o f  th e  "am bient s o lu t io n s "  

w hich had been  b o i le d .

When th e  g rap h s o f  f ig u r e s  32a and 32b were compared w ith  th o se  

o f  f ig u r e s  30b and 31a in  th e  p re v io u s  s e c t io n  ( " R e s u l ts " ,  S e c tio n  IV) 

showing th e  " in  v iv o  lA A -oxidase a c t i v i t i e s "  o f  r o o ts  h a rv e s te d  a f t e r  

2 d a y s , i t  became obv ious t h a t  th e  breakdown o f  lAA was f a s t e r  in  th e  

p resen ce  o f  th e  r o o ts  th a n  in  th e  "am bient s o lu t io n s "  -  w hich su g g ested  

th a t  breakdown o f  lAA was o c c u rr in g  a t  th e  su r fa c e  b f  th e  ro o ts  o r  

a c tu a l ly  in  th e  ro o t  t i s s u e s  -  to  a  c o n s id e ra b le  e x te n t  (u n le s s  i t  

was assumed t h a t  th e  lAA i t s e l f  was prom oting th e  r e le a s e  o f  a  component 

o f  th e  o x id ase  system  in to  th e  e x te r n a l  s o lu t io n ) . On th e  o th e r  hand, 

th e  com plete breakdown o f  lAA, i n  th e  "am bient s o lu t io n "  p rep a red  by 

in c u b a tin g  lAA-grown r o o ts  f o r  o n ly  3 hours ( f ig u re  32b) showed how 

r a p id ly  th e  e x te r n a l  s o lu t io n  co u ld  a c q u ire  enzyme a c t i v i t y .  (The 

th e rm o la b ile  n a tu re  o f  th e  o x id is in g  system  was d em onstra ted  by b o i l i n g ) .

The r e s u l t s  o f  th e  f i n a l  experim en t in  t h i s  s e c t io n  ( f ig u re  33) 

showed t h a t  th e  a c t i v i t y  o f  th e  "am bien t s o lu t io n s "  p re p a re d  by in c u b a t­

in g  th e  ro o ts  o f  th e  w ater-grow n p la n t s  f o r  24 h ou rs  was dependent b o th  

on th e  number o f  r o o ts  in c u b a te d  and on th e  c o n c e n tra tio n  o f  th e  DCP 

in  th e  m ix tu re . Thus th e  a c t i v i t i e s  o f  th e  "am bien t s o lu t io n s "

p rep a red  by in c u b a tin g  12 r o o ts  w ere g r e a te r  th a n  th o se  p repared  by 

in c u b a tin g  6 r o o t s .  A lso th e  a c t i v i t i e s  o f  th e  "am bien t s o lu t io n s "  

t o /
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Q
t o  which DCP s o lu t io n  a t  a  c o n c e n tra t io n  o f  lO " g . /m l .  had been added 

w ere g r e a te r  th a n  th o se  o f  th e  "am bient s o lu t io n s "  t o  w hich DCP a t  a  

c o n c e n tra tio n  o f  4  x  10"*^g./ml. had been  added. T h is  e f f e c t  o f  th e  

h ig h e r  DCP c o n c e n tra t io n  in  c au s in g  a  h ig h e r  "lA A -oxidase" a c t i v i t y  

must have been  caused  by i t^ L c t io n  in  prom oting th e  r e le a s e  o f  some 

component o f  th e  "lA A -oxidase" system  -  presum ably th e  enzyme i t s e l f .

I t  cou ld  nob have been  m erely  an e f f e c t  on lAA breakdown, a f t e r  th e  

rem oval o f  th e  r o o t s ,  s in c e  t h i s  c o n c e n tra t io n  o f  DCP was shown to  

be su p ra -o p rim a l -  a t  l e a s t  when enzyme e x t r a c t s  were used  (se e  " R e s u lts " ,  

S e c tio n  I I - 2 ) .



-209'

F ig u re  32a . Graphs to  show th e  "lA A -oxidase" a c t i v i t i e s  o f

"am bien t s o lu t io n s "  in  w hich whole ro o ts  had been 

in cu b a te d  f o r  1 h o u r.

F ig u re  32b. Graphs t o  show th e  "lA A -oxidase" a c t i v i t i e s  o f

"am bient s o lu t io n s "  in  w hich whole ro o ts  had been 

in c u b a te d  f o r  3 h o u rs .

Graphs to  show th e  "LAA-oxidase" a c t i v i t i e s  o f  

"am bient s o lu t io n s "  in  w hich whole ro o ts  had been  

in cu b a te d  f o r  24 h o u rs .
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VI 1 . A COMPARISON OF THE INHIBITOR CONTENTS OF SOLUTIONS PREPARED 

FROM EXTRACTS (A) AND (B) BY BOILING.

E x tr a c ts  (A) and (B) were p rep a red  a s  d e sc r ib e d  under 

"M ethodsg S e c tio n  I I .  Samples o f  th e s e  were th e n  removed and 

i n h ib i t o r  s o lu t io n s  made from them by b o i l in g  aa d e sc r ib e d  under 

"M ethods", S e c tio n  V I-1 . The a c t i v i t y  o f  b o th  i n h ib i t o r  p re p a ra t io n s  

was th en  t e s t e d  in  th e  p resen ce  o f  enzyme e x t r a c t  (A),  in  r e a c t io n  

m ix tu res  o f  th e  fo llo w in g  c o m p o s itio n :-

2 .5  m l. p h o s p h a te - c i t r a te  b u f f e r  pH 4 .0

1 .25  m l. DCP s o lu t io n  4  x  lO ^ ^ g ./m l.

1 .25  m l. lAA s o lu t io n  4 x  1 0 ~ ^g ./m l.

5 .0  m l. o f  a  s o lu t io n  w ith  " lA A -oxidase" a c t i v i t y  c o n s t i tu te d
i

a s  fo l lo w s ,

4 m l. enzyme e x t r a c t  (A)

1 m l. i n h ib i t o r  s o lu t io n  p rep a red  from 

e x t r a c t  (A) by b o i l in g

QZ

i n h ib i t o r  s o lu t io n  p rep a red  from

e x t r a c t  (B) by b o i l in g .

A " c o n tro l"  r e a c t io n  m ix tu re  was a ls o  made up w hich c o n ta in e d  1 m l.

d i s t i l l e d  w a te r  in s te a d  o f  1 m l. o f  i n h ib i t o r  s o lu t io n .  The r e a c t io n

m ix tu re s  were in cu b a te d  a s  d e sc r ib e d  under "M ethods", S e c tio n  IV -1,

and th e  r a t e  o f  lAA breakdown de te rm ined  a s  d e s c r ib e d  under "M ethods",

S e c tio n  I I I - l .  The r e a c t io n  m ix tu re s  were sam pled a t  "ze ro  tim e" and 

a t /
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a t  15 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  1^ h o u rs . The r e s u l t s  

a re  g iv en  in  f ig u r e  34* (Note change o f  s c a le  on th e  a b s c i s s a . )

O ccasion 2 . As on "o ccasio n  1 " , ex cep t t h a t  th e  r e a c t io n  m ix tu res  

c o n ta in e d  5 ,0  m l. o f  a  s o lu t io n  w ith  "lA A roxidase" a c t i v i t y  c o n s t i tu te d  

a s  fo llo w s

3 m l. enzyme e x t r a c t  (A)

2 m l. i n h ib i t o r  s o lu t io n  p re p a re d  from e x t r a c t  (A) by b o i l in g

SC

i n h i b i t o r  s o lu t io n  p re p a re d  from e x tm c t  (B) by b o i l in g ,  

and a ls o  th e  r e a c t io n  m ix tu res  w ere sampled a t  "ze ro  tim e" and a t  

30 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a p e rio d  o f  2^ h o u rs . The r e s u l t s  

a re  shown in  f ig u r e  35,

O c ^ a ^ i o n D u p l i c a t e  e x t r a c t s  ( ’A*) and r e f e r r e d  to  a s

e x t r a c t s  (^A^*)> ( 'Ag* ) ,  ( and ( ' B g ' ) ,  were p rep a red  a s  d e sc r ib e d

u nder **Methods", S e c tio n  I I ,  e x c e p t t h a t  th e  c e n tr ifu g e d  e x t r a c t s  were

made up to  a  volume o f  100 m l. in s te a d  o f  150 m l. I n h ib i to r  s o lu t io n s

were th e n  p rep a red  from  them by b o i l in g  a s  d e s c r ib e d  under "M ethods",

S e c tio n  V ly l and th e  a c t i v i t y  o f  th e s e  t e s te d  in  r e a c t io n  m ix tu res

c o n ta in in g  e i t h e r  enzyme e x t r a c t  ( i n h ib i t o r  s o lu t io n s  p re p a re d

from ( *A^') and ( ' B ^ ' ) ,  o r  enzyme e x t r a c t  (*^2*^ ( i n h ib i t o r  s o lu t io n s

p rep a red  from ( ’A^*) and ( 'Bg*)  ) .  "C o n tro l"  r e a c t io n  m ix tu res  were

a ls o  p re p a re d  c o n ta in in g  th e  enzyme e x t r a c t  (*A^*) o r  ( ’A^*) and

d i s t i l l e d  w a te r . In  each  c a se  2 m l. enzyme e x t r a c t  was combined 

w i th /
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w ith  3 m l. o f  i n h ib i t o r  p r e p a ra t io n  o r  3 m l. o f  d i s t i l l e d  w a te r .

The r e a c t io n  m ix tu re s  were sam pled a t  "ze ro  tim e" and a t  i n te r v a l s  

o f  30 m inu tes t h e r e a f t e r  f o r  a  p e r io d  o f  2^ h o u rs . The r e s u l t s  

a re  g iv en  in  f ig u r e s  36a and 36b.

The r e s u l t s ^  showed t h a t  in  e v e ry  case  th e  in h ib i to r y  a c t i v i t y  

o f  th e  s o lu t io n  p re p a re d  from e x t r a c t  (B) o r  (*B*) by b o i l in g  was 

somewhat lo w er th a n  t h a t  o t  i s  c o u n te rp a r t  p rep a red  from e x t r a c t  

(A) o r  (#A *). The d i f f e r e n c e  was more marked when th e  r a t e  o f  

lAA breakdown was r e l a t i v e l y  slow  ( f ig u re s  35, 3 6a , 36b) th a n  when th e  

r a t e  was r e l a t i v e l y  f a s t  ( f ig u r e  3 4 ) .

^ See a ls o  t a b l e  19 , page 239 •



F ig u re  3A. Graphs t o  show th e  a c t i v i t y  o f  i n h ib i t o r  s o lu t io n s  

p re p a re d  from  e x t r a c t s  (A) and (B) by b o i l in g .
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F lg u re  35. Graphs to  show th e  a c t i v i t y  o f  i n h ib i t o r  s o lu t io n s  

p rep a red  from e x t r a c t s  (A) and (B) by b o i l in g .
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Fifoire  36a . Graphs t o  show th e  a c t i v i t y  o f  i n h ib i to r  s o lu t io n s  

p rep a red  from e x t r a c t s  and by b o i l in g .

;li

F ig u re  36b. Graphs to  show th e  a c t i v i t y  o f  in h ib i to r  s o lu t io n s  

p rep a red  from e x t r a c t s  ( and by b o il in g ,
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V I. 2 . A COMPARISON OF THE INHIBITOR CONTENTS OF SOLUTIONS PREPARED 

FROM EXTRACTS (A) AND (B) BY SEITZ FILTRATION.

E x tra c ts  ( a) and (B) were p rep a red  as  d e sc r ib e d  under "M ethods", 

S e c tio n  I I .  Samples o f  th e s e  were th en  removed and in h ib i t o r  s o lu t io n s  

made from them by s e i t z  f i l t r a t i o n  a s  d e sc rib e d  under "Methods” ,

S e c tio n  V I-2 . The a c t i v i t y  o f  b o th  i n h ib i to r  p re p a ra tio n s  was th en  

te s te d  in  th e  p resen ce  o f  enzyme e x t r a c t  (A ). R eac tion  m ix tu res  o f  

two ty p es  were u sed , which had th e  com position  shown below .

2 .5  m l. p h o s p h a te -c i t r a te  b u f f e r  pH 4 .0 .

1 .25  m l. DCP s o lu t io n  4 % lO ^^g ./m l.

1 .25  m l. lAA s o lu t io n  4  x  10*"^g./ml.

5 .0  m l. o f  a  s o lu t io n  w ith  "lA A -oxidase" a c t i v i t y  c o n s t i tu te d  

a s  fo llo w s ,

4 m l. enzyme e x t r a c t  (A)

1 m l. in h ib i to r  s o lu t io n  p repared  from 

e x t r a c t  (A) by s e i t z  f i l t r a t i o n  

ojr

in h ib i to r  s o lu t io n  p rep a red  from 

e x tr a c t  (B) by s e i t z  f i l t r a t i o n .

%y^e_2j|, . As " type  1” , ex cen t t h a t  th e  5 .0  m l. o f  a  s o lu t io n  w ith

"lA A -oxidase” a c t i v i t y  was c o n s t i tu te d  a s  fo llo w s ,

3 m l. enzyme e x tr a c t  (A)

2 ml. i n h ib i to r  s o lu t io n  p rep ared  from e x tra c t(A ) by 

s e i t z  f i l t r a t i o n .
9L
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i n h ib i to r  s o lu t io n  p rep a red  from e x tr a c t  (B) by 

s e i t z  f i l t r a t i o n .

"C on tro l"  r e a c t io n  m ix tu res  were a ls o  made up which c o n ta in e d  1 ml. 

(ty p e  1) o r  2 m l. (ty p e  2) d i s t i l l e d  w a te r in s te a d  o f  th e  c o rre s ­

ponding q u a n t i t ie s  o f  i n h ib i to r  s o lu t io n .  The r e a c t io n  m ix tu res  

were in cu b a ted  a s  d e sc r ib e d  under "Methods” , S e c tio n  IV-1 and th e  

r a t e  o f  lAA breakdown determ ined a s  d e sc rib e d  under "M ethods",

S e c tio n  I I I - l .  The "type  1" r e a c t io n  m ix tu res were sampled a t  "zero  

tim e" and a t  20 m inute in te r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  1 hour 

40 m inu tes. The " type  2" r e a c t io n  m ix tu res were sampled a t  "zero  

tim e" and a t  30 m inute in te r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  2^ h o u rs .

The r e s u l t s  a re  shown in  f ig u re s  37a and 37b.
¥

The r e s u l t s  showed t h a t  th e  in h ib i to r y  a c t i v i t y  o f  th e  s o lu t io n  

p rep a red  from e x t r a c t  (B) by s e i t z  f i l t r a t i o n  was a ls o  low er th an  th a t  

o f  th e  s o lu t io n  p rep a red  from e x t r a c t  (A). The d if f e r e n c e  was found 

to  be v e ry  sm all when th e  r a t e  o f lAA breakdown was r e l a t i v e l y  f a s t  

( f ig u re  3 7 a ). However when th e  in h ib i to r y  a c t i v i t y  o f  th e  same two 

s o lu t io n s  was te s te d  under c o n d itio n s  in  which th e  r a t e  o f  lAA b reak ­

down was slow er, a  marked d if fe re n c e  between th e  (A) and (B) s o lu t io n s  

was observed  ( f ig u re  37b).

The p ro p o r tio n s  o f  enzyme e x t r a c t  and in h ib i to r  s o lu t io n s  used 

in  t h i s  experim ent were th e  same a s  th e s e  used in  th e  f i r s t  two e x p e r i­

m ents o f th e  p rev io u s  s e c t io n  ( " R e s u lts " , S ec tio n  V I-1 ) . Thus th e  

r e s u l t s /

^ See a ls o  ta b le  19* page 239 .
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r e s u l t s  shown in  f ig u re  37a were com parable w ith  th o se  o f  f ig u re  34, 

and th o se  shown in  f ig u re  37b and th o se  o f  f ig u re  35 . In  f a c t  th e  

graphs o f  f ig u re  37b and f ig u re  35 were rem arkable s im ila r ,  whereas 

th o se  o f  f ig u r e s  37a and 34 d i f f e r e d  m arkedly. (Not o n ly  was th e  

a c t i v i t y  o f  th e  enzyme e x t r a c t  -  a s  shown in  th e  " c o n tro l” re a c t io n  

m ix tu re  -  g r e a te r  in  th e  experim ent o f  f ig u re  34 th an  t h a t  o f  th e  

enzyme e x tr a c t  used  in  th e  experim ent o f  f ig u re  37a, b u t th e  in h ib i to r y  

a c t i v i t i e s  o f b o th  i n h ib i to r  s o lu t io n s  a ls o  appeared to  be l e s s . )

As p o in te d  o u t above, th e  r e s u l t s  d e sc rib e d  under " R e su lts " ,

S ec tio n s  V I-1 and V I-2 were v ery  v a r ia b le ,  and i t  was th e re fo re  n o t 

p o s s ib le  to  d ec id e  w hether o r  n o t th e  in h ib i to r  s o lu t io n s  o b ta in ed  by 

s e i t z  f i l t r a t i o n  were i d e n t i c a l  ( q u a n t i ta t iv e ly  and q u a l i t a t iv e ly )  

w ith  th e  in h ib i to r  s o lu t io n s  o b ta in e d  by b o i l in g .  Thus, a lth o u g h  

an exam ination  o f  f ig u r e s  37a and 34* and o f  f ig u re s  37b and 35 suggested  

t h a t  th e  i n h ib i to r  s o lu t io n s  p rep a red  by s e i t z  f i l t r a t i o n  were in  g e n e ra l 

more a c t iv e  th an  th o se  p repared  by b o i l in g ,  an exam ination  o f  f ig u re s  

37b and 35 a lone  showed t h a t  t h i s  d if f e r e n c e  was n o t g r e a t .  However, 

on th e  b a s i s  o f  th e se  r e s u l t s  i t  was t e n t a t i v e ly  concluded t h a t  th e  

in h ib i to r  s o lu t io n s  o b ta in e d  by th e  two methods were com parable -  th e  

in h ib i to r y  compound(s) be ing  b o th  h e a t s ta b le  and w a te r s t a b le .
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F ig u re  37a . Graphs to  show th e  a c t i v i t y  o f  i n h ib i to r  s o lu t io n s  

p rep a red  from e x tr a c ts  (A) and (B) by s e i t z  

f i l t r a t i o n .  ("Type 1" r e a c t io n  m ix tu re ) .

F ig u re  37b.' Graphs to  show th e  a c t i v i t y  o f  i n h ib i to r  s o lu t io n s
"t (

p rep a red  from e x tr a c ts  (A) and (B) by s e i t z  

f i l t r a t i o n .  ("Type 2" r e a c t io n  m ix tu re ) .
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V I. 3 . A COMPARISON OF THE INHIBITOR CONTENTS OP SOLUTIONS PREPARED 

FROM EXTRACTS (A) AND (B) BY ULTRAFILTRATION.

E x tra c ts  (A) and (B) were p rep a red  as  d e sc r ib e d  under 

’’Methods” , S e c tio n  I I .  Samples o f  th e s e  were th en  removed and 

i n h ib i t o r  s o lu t io n s  made from them by u l t r a f i l t r a t i o n  a s  d e sc r ib e d  

under "Methods”, S e c tio n  V I-3 . On t h i s  o ccasio n  Rubber tu b in g  was 

used e x c lu s iv e ly  in  th e  appara tu s#  The a c t i v i t y  o f  b o th  in h ib i to r  

p re p a ra t io n s  was th e n  t e s te d  in  th e  p re sen c eo f enzjnne e x t r a c t  (A) 

in  r e a c t io n  m ix tu res  o f  th e  fo llo w in g  co m p o sitio n ;-

p h o s p h a te - c i t r a te  b u f f e r  pH

DCP s o lu t io n  4  % 10*^ g# /m l.

lAA s o lu t io n  4 x 10 ^  g ./m l.

Dll* s o lu t io n  w ith  "lA A -oxidase" a c t i v i t y  c o n s t i tu te d

as fo l lo w s .

enzyme e x t r a c t  (A)

i n h ib i t o r  s o lu t io n  p rep a red  from 

e x t r a c t  (A) by u l t r a f i l t r a t i o n  '

QT

i n h ib i t o r  s o lu t io n  p rep a red  from

e x t r a c t  (B) by u l t r a f i l t r a t i o n .

A " c o n tro l” r e a c t io n  m ix tu re  was a ls o  made up w hich c o n ta in e d  m l. 

d i s t i l l e d /
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d i s t i l l e d  w a te r in s te a d  o f  ml. i n h ib i t o r  s o lu t io n .  The r e a c t io n

m ix tu res  were in cu b a te d  a s  d e sc r ib e d  under "M ethods", S e c tio n  IV-1

and th e  r a t e  o f  lAA breakdown de term ined  a s  d e sc r ib e d  under "M ethods", 

S e c tio n  I I I - l .  The r e a c t io n  m ix tu res  were sampled a t  "ze ro  tim e" 

and a t  15 m inute i n t e r v a l s  t h e r e a f t e r  f o r  a  p e rio d  o f  1^  h o u rs . The 

r e s u l t s  a re  g iv en  in  f ig u r e  38. (S ince  th e  in h ib i to r  p re p a ra t io n  

from e x t r a c t  (B) was roade and t e s te d  two days l a t e r  th a n  th e  one from 

e x t r a c t  (A ), a  second " c o n tro l"  r e a c t io n  m ix tu re  was made up to  check 

t h a t  th e  enzyme e x t r a c t  (A) had n o t become in a c tiv a te d *  The r e s u l t s

f o r  t h i s  a re  a ls o  shown in  th e  f i g u r e ) •

j^ccag,l(2:n_2jL E x tra c ts  (*A*) and (*B*) were p rep a red  a s  d e sc r ib e d  under 

"M ethods", S e c tio n  I I - l  excep t t h a t  th e  c e n tr ifu g e d  e x t r a c t s  were made 

up to  a  volume o f  100 m l. in s te a d  o f  150 m l. Samples o f  th e s e  were

th en  removed and i n h ib i t o r  s o lu t io n s  made from them by u l t r a f i l t r a t i o n

a s  d e sc r ib e d  under "M ethods", S e c tio n  V I-3 . However, on t h i s  o ccasio n  

j2Piyth£ng. tu b in g  was used in s te a d  o f  ru b b er tu b in g . The a c t i v i t y  o f  

th e  in h ib i to r  p re p a ra t io n s  was th e n  t e s te d  in  th e  p resen ce  o f  enzyme 

e x t r a c t  (*A#) in  r e a c t io n  m ix tu re s  o f  th e  fo llo w in g  co m p o s itio n :-

m l. p j^o ap h a te -c iti-a te  b u f f e r  pH 4*0 

DCP s o lu t io n  4  x  10~'^ g ./m l .

1^25, m l. s o lu t io n  4  x 10“"'̂  g ./m l .

a f  a  s o lu t io n  w ith  "lA A -oxidase" a c t i v i t y  c o n s t i tu te d  

a s  fo llo w s .
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^  m l. enzyme e x t r a c t  (*A*)

^  m l. i n h ib i t o r  s o lu t io n  p rep a red  from e x t r a c t  ( ’A*) 

by u l t r a f i l t r a t i o n

0£

i n h ib i t o r  s o lu t io n  p rep a red  from e x t r a c t  (*B*) 

by u l t r a f i l t r a t i o n .

A " c o n tro l"  r e a c t io n  m ix tu re  v a s  a ls o  made up which c o n ta in e d  ^  m l.

d i s t i l l e d  w a te r in s te a d  o f  2. m l. i n h ib i t o r  s o lu t io n .  The r e a c t io n
6

m ix tu res  were in cu b a te d  a s  d e sc r ib e d  under "M ethods", S e c tio n  IV -1, 

and th e  r a t e  o f  lAA breakdown de term ined  as  d e sc r ib e d  under "M ethods", 

S e c tio n  I I I - l .  The r e a c t io n  m ix tu re s  were sampled a t  "ze ro  tim e" 

and 60 m inutes and 90 m inutes l a t e r .  The r e s u l t s  a re  g iven  in  

f ig u re  39.

The r e s u l t s  showed ( f ig u re s  38 and 39) t h a t  th e  in h ib i to r y  

a c t i v i t i e s  o f  th e  s o lu t io n s  p reo a red  from e x t r a c t s  (B) o r  (*B*) by 

u l t r a f i l t r a t i o n  were a ls o  low er th ^ n  th o se  o f  s o lu t io n s  p rep a red  from 

e x t r a c t s  (A) o r  (*A*).

The p ro p o r tio n s  o f  enzyme e x t r a c t  and i n h ib i t o r  s o lu t io n  used  

in  th e  experim ent shown in  f ig u re  38 were th e  same a s  th o se  used  in  

an experim ent in  each o f  th e  p re v io u s  two S e c tio n s  -  th o se  shown in  

f ig u re  34 ( " R e s u l ts " ,  S e c tio n  V I-1) and f ig u re  37a ( " R e s u l ts " ,  S e c tio n  

V I-2 ) . However i t  was obvious t h a t  th e  in h ib i to r y  a c t i v i t i e s  o f  th e  

s o lu t io n s /

See a ls o  t a b le  19 , page 239 •
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s o lu t io n s  p rep a red  from e x t r a c t s  (A) and (B) by u l t r a f i l t r a t i o n  were 

g r e a te r  th a n  th o se  o f  th e  com parable s o lu t io n s  p rep a red  by b o i l in g  

and by s e i t z  f i l t r a t i o n .  T h is su g g ested  th e r e f o re  t h a t  some e x tr a ­

neous i n h ib i to r  was p re s e n t  in  th e  u l t r a f i l t r a t e s .  M oreover, i t  was 

th o u g h t t h a t  th e  con tam inan t m ight have been th e  w h it is h  su b stan ce

p re s e n t  on th e  in n e r  su rfa c e  o f  th e  ru b b er tu in g  o f  th e  u ltra s -

f i l t r a t i o n  a p p a ra tu s .  Thus, when th e  a p p a ra tu s  was d ism a n tle d , th e

r e le a s e  o f  th e  vacuum in  th e  tu b e  c o n ta in in g  th e  u l t r a f i l t r a t e ,

caused  an amount o f  t h i s  su b s tan ce  t o  be sucked in  th ro u g h  th e  s id e  

arm, and a lth o u g h  m ost o f  i t  was seen  to  be d e p o s ite d  on th e  w a lls  

o f  th e  tu b e  in  th e  re g io n  o f  th e  s id e -a rm , some o f  i t  v e ry  p ro b ab ly  

f e l l  down in to  th e  u l t r a f i l t r a t e .  In  th e  experim ent shown in  f ig u re  

39 th e r e f o re ,  th e  ru b b er tu b in g  was re p la c e d  by p o ly th e n e  tu b in g .

The r e a c t io n  m ix tu re  used  h e re  was com parable w ith  th o se  used  in  th e  

experim en ts shown in  f ig u r e s  36a and 36b ( " R e s u lts " ,  S e c tio n  7 1 -1 ) .

An exam ination  o f  th e  th re e  f ig u r e s  (36a, 36b and 39) showed t h a t  th e se  

were a l l  r a th e r  s im i la r .  In  a d d i t io n  th e  g raphs o f  f i ^ w e  39, under 

d is c u s s io n , resem bled  th o se  o f  f ig u re  35 ( " R e s u l ts " ,  S e c tio n  7 1 -1 .)  

oven more c lo s e ly .  (The r a t e s  o f  lAA breakdown in  th e  experim ent 

o f  f ig u re  35 were s im i la r  to  th o se  in  th e  experim ent o f  f ig u r e  39, 

a lth o u g h  th e  com position  o f  th e  r e a c t io n  m ix tu res  was s l i g h t l y  d i f f ­

e r e n t ) .  I t  was concluded t h a t  th e  use  o f  p o ly th en e  tu b in g  was p ro b ab ly  

e f f e c t iv e  in  e lim in a tin g  th e  ex tran eo u s i n h ib i t o r ,  and a ls o  t h a t  th e

in h ib i t o r  s o lu t io n s  p rep a red  by u l t r a f i l t r a t i o n  were com parable w ith  

th o se  p re p a re d  by b o i l in g  and by s e i t z  f i l t r a t i o n .
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F ig u re  38 . Graphs t o  show th e  a c t i v i t y  o f  i n h ib i t o r  s o lu t io n s

p rep a red  from  e x t r a c t s  (A) and (B) by u l t r a f i l t r a t i o n .
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F lm r e  39. Graphs to  show th e  a c t i v i t y  o f  i n h ib i t o r  s o lu t io n s

p rep a red  from e x t r a c t s  (*A*) and (*B^) by u l t r a f i l t r a t i o n .
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From each  o f  th e  g raphs g iv en  i n  th e  S e c tio n s  V I-2 and

V I-3 , e a t in a t e s  were o b ta in e d  (a s  d e sc r ib e d  on page 8 5 ) f o r  

1$ th e  le n g th  o f  th e  la g  p e r io d , and 2 . th e  maximum r a t e  a tta in e d *

These v a lu e s  a re  g iv en  in  t a b l e  19 below*

TABLE 19 . E s tim a te s  o f  1 . th e  le n g th  o f  th e  la g  p e r io d  ( i n  m inu tes) 

and 2* th e  maximum r a t e  o f  th e  r e a c t io n  "R" (ex p re ssed  as  

change in  ab so rbancy /lO  m in u te s ) , from th e  g raphs o f  

f ig u r e s  34 to  39 .

FIGURE VOLUME OF imUBITOR SOLUTION (A )o r ( 'A ') (B )o r( 'B ) D.H^OlU iiio  VCLIME OF ENZYME

34 0 .25 L. 21 .0
R. .1 4 5

L. 22 .0  
R. .163

L. 22 .0  
R. .168

35 0 .6 7 L. 4 6 .0  
R. .041

L .4 4 .0
a .  .0 4 1

L. 2 5 .0  
R. .059

36a 1 .4 9 L. 53 .0  
R. .063

L . 4 7 .0  
R. .080

L. 45 .0  
R. .087

36b 1 .4 9 L . 49.5 
a .  .074

L. 3 3 .0  
a .  .063

L. 23 .0
a .  .0 8 6

37a 0 .25 L. 53 .0  
R . .1 3 5

L. 52 .0
a . .1 4 0

L. 37 .5  
R. .134

37b 0 .6 7 L. @3.5 
R. .038

L. 80 .5  
R. .059

L. 50.0  
R. .088

33 0 .2 5 L. 50 .0  
R. .108

L. 4 4 .0  
a . .1 1 2

L. 1 .80  
R. .144

39 1 .49 L. 12 .5  
R. .015

L. 6 .0  
R. .012

L. 1 3 .0  
R. .052
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From th e  v a lu e s  g iv en  in  t a b le  19 average  v a lu e s  wore o b ta in e d  f o r  

th e  le n g th  o f  th e  la g  p e rio d  ( in  m inu tes) and th e  maximum r a t e  a t t a in e d  

(ex p re ssed  a s  change in  ab so rbancy /lO  m inu tes) f o r  r e a c t io n  m ix tu res  

w ith  an in h ib ito r /e n z y m e  r a t i o  o f  0 .25  ( f ig u re s  34» 3?a and 38) and 

fo r  r e a c t io n  m ix tu res  w ith  an in h ib ito r /e n z y m e  r a t i o  o f  0 .6 7  ( f ig u re s  

35 and 3 7 b ). The v a lu e s  o b ta in e d  from f ig u r e s  36a and 36b, and 39 

were n o t av erag ed . (The r e a c t io n  m ix tu res  o f  f ig u r e s  36a and 36b 

c o n ta in e d  enzyme e x t r a c t s  (*A*) and (*B*) in s te a d  o f  (A) and (B ), 

w h ile  th e r e  were i n s u f f i c i e n t  p o in ts  on th e  g raphs o f  f ig u r e  39 to  

g iv e  com parable e s tim a te s )*  The average  v a lu e s  were th e n  p lo t t e d  

a g a in s t  in h ib ito r /e n z y m e  r a t i o  a s  shown in  f ig u r e  40 *

The g raphs o f  f ig u re  40 showed t h a t  w ith  an in c re a s e  in  th e  r a t i o  

volume o f  i n h ib i t o r  so lu tio n /v o lu m e  o f enzyme, th e  la g  p e r io d  in c re a s e d  

and th e  maximum r a t e  a t t a in e d  d e c re a se d . A com parison o f  th e  g r ^ h s  

f o r  th e  r e a c t io n  m ixt.ures c o n ta in in g  in h ib i t o r  s o lu t io n s  w ith  th o se  

f o r  th e  r e a c t io n  m ix tu res  c o n ta in in g  th e  co rre sp o n d in g  volumes o f  

d i s t i l l e d  w a te r  showed t h a t  th e s e  e f f e c t s  co u ld  b e 'a t t r i b u t e d  l a r g e ly ,  

b u t by no means e n t i r e l y  to  th e  low er c o n c e n tra tio n  o f  enzyme p r e s e n t . 

i n  th e  r e a c t io n  m ix tu res  w ith  th e  h ig h e r  in h ib ito r /e n z y m e  r a t i o s .  I t  

was c l e a r  however t h a t  th e  p resen ce  o f  the  h ig h e r  c o n c e n tra t io n  o f  

i n h ib i t o r  caused  b o th  an in c re a s e  in  th e  la g  p e rio d  and a  d e c re a se  in  

th e  maximum r a t e  a tta in e d *  In  a d d it io n  th e  e f f e c t  o f  th e  i n h ib i t o r  on 

th e  la g  p e r io d  appeared  to  be g r e a te r  th a n  i t s  e f f e c t  on th e  maximum 

r a t e  w h ile  l a t t e r  e ffec t? ! appeared  to  d e c re a se  w ith  an in c re a s e  in  

t h e /
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th e  enzyme c o n c e n tra tio n *  There was th e r e f o r e  a  resem blance

betw een th e  g raphs o f  f ig u r e  40 and th e  diagram  on page 189 * Again i t  

was e v id e n t t h a t  th e  a c t i v i t y  o f  th e  i n h ib i t o r  s o lu t io n s  p re p a re d  from 

e x t r a c t  (B) was low er th a n  t h a t  o f  th o se  p re p a re d  from e x t r a c t  (A)*

T h is low er a c t i v i t y  m an ife s te d  i t s e l f  i n  th e  form o f  l e s s  marked 

e f f e c t s  b o th  on th e  la g  p e r io d  and on th e  maximum r a t e .

The r e s u l t s  d e sc r ib e d  iJi S e c tio n s  V I-1 , V I-2  and V I-3  confirm ed 

th e  r e p o r t  o f  Tang and Bonner (1948) and o f  G a ls to n  (1957) t h a t  pea 

t i s s u e s  c o n ta in  a  pow erfu l i n h ib i t o r  o f  th e  ” IA A -oxidase” enzjnne*

The f in d in g  t h a t  th e  u l t r a f i l t r a t e s  caused  in h ib i t io n s  o f  th e  enzyme 

a c t i v i t y  was c o n s id e re d  to  c o n s t i tu t e  ev idence  f o r  th e  e x is te n c e  o f  a  

s t r i k in g  d i f f e r e n c e  betw een th e  a c t i v a t o r / i n h i b i t o r  r e l a t io n s h ip s  o f  

pea e x t r a c t s  and o f  waxpod bean r o o t  e x tra c ts *  (Kenten (1955) found 

t h a t  u l t r a f i l t r a t e s  o b ta in e d  from th e  l a t t e r  c o n ta in e d  an a c t iv a t o r ) * 

The f a c t  t h a t  th e  i n h ib i t o r  s o lu t io n s  o b ta in e d  from th e  (B) e x t r a c t s  l?y 

a l l  th r e e  m ethods -  b o i l i n g ,  s e i t z  f i l t r a t i o n  and u l t r a f i l t r a t i o n ,  had 

low er a c t i v i t i e s  th an  th o se  o b ta in e d  from  th e  (A) e x t r a c t s  was th o u g h t 

to  in d ic a te  t h a t  th e  h ig h e r  a c t i v i t y  o f  th e  u n tr e a te d  (B) e x b ra c t  was 

a  d i r e c t  r e s u l t  o f  t h i s  low er i n h ib i t o r  co n ten t*
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F ig u re  40 . Graphs to  show th e  r e l a t io n s h ip  betw een th e  r a t i o

volume o f  i n h ib i t o r  s o lu t io n  and
volume o f  enzyme

1 . th e  le n g th  o f  th e  la g  p e rio d  and 1

2 . th e  maximum r a t e  a t t a in e d  in  r e a c t io n  m ix tu re s

c o n ta in in g  i n h ib i t o r  s o lu t io n s  p re p a re d  from 

e x t r a c t s  (A) o r  (B ).



—24 3’”

8 0 i

' 4 SO
(/)
uj 7 0  
»- INHIBITOR

6 0

O
O 50
QC
U J
CL

4 0
O
<
-I

•lOO

u. 3 0  
O

0 5 0Ih-
oz
U J
_j

2 0

O

•7 *6 *5 «4 3 '2

U J

<<r
23
2
X
<
2

( / )
U J
H
3
Z
2
O

<
I D
IT
O
I/)
m
<

ui
(A
<
U J
CC
Ü
a

RATIO VOLUME INHIBITOR-SlOLUTION ( o R D.Hj O} 
VOLUME ENZYME

FIG.  4 0



.7Mv

C h an te r A. DISCUSSION.

The o b se rv ed  c h a r a c t e r l a t l e a  o f  th e  enzvm# mrmtmm w ith  re fe re n a #  to  

th e  p ro b a b le  mechanlam o f  In d o le a c e t lc  a c l4

The breakdown o f  in d o le a c e t ic  a c id  by pea r o o t  e x t r a c t s  was shown 

to  be b ro u g h t abou t by a  w a te r - s o lu b le  enzyme w ith  a  pH optimum (when 

i t s  a c t i v i t y  was t e s t e d  i n  th e  c rude  e x t r a c t )  o f  4# T h is  enzyme was 

assumed to  be p e ro x id a se , a lth o u g h  th e  a c t i v i t y  o f  th e  e x t r a c t s  in  th e  

p re sen c e  o f  a  c o n v e n tio n a l p e ro x id a se  s u b s t r a te  such  a s  p y r o g a l lo l  was 

n o t t e s t e d .

. The tim e  co u rse  o f  th e  r e a c t io n  was c h a r a c t e r i s t i c  and was 

c o n s i s te n t  w ith  th e  mechanism o f  breakdown p roposed  by Yamazaki and
i

Souzu ( i 960) w hich in v o lv e d  th e  fo rm a tio n  o f  f r e e  r a d i c a l s .  A la g  

p e r io d  o f  v a ry in g  le n g th  was alw ays observed  b e fo re  th e  r a t e  o f  in d o le ­

a c e t i c  a c id  o x id a t io n  became a p p re c ia b le .  I f  i t  i s  assumed t h a t  th e  

in d o le a c e t ic  a c id  o x id a t io n  proceeded  v ia  a  t y p i c a l  " f r e e  r a d i c a l  

c a ta ly s e d  r e a c t io n " ,  t h i s  la g  may be c o n s id e re d  to  r e p r e s e n t  th e  tim e 

d u rin g  w hich f r e e  r a d i c a l  fo rm a tio n  was ta k in g  p la c e  -  a t  a  r a t e  w hich 

in c re a s e d  w ith  t im e . At th e  end o f  th e  la g  p e r io d , t h i s  r a t e  o f  

fo rm a tio n  was p resum ably  e q u a lle d  by th e  r a t e  a t  w hich th e  f r e e  r a d i c a l s  

w ere d is a p p e a r in g  (a s  a  r e s u l t  o f  te rm in a t io n  r e a c t i o n s ) ,  and un d er th e  

s te a d y  s t a t e  c o n d it io n s  th u s  a c h ie v e d , th e  r e a c t io n  v e lo c i ty  f o r  th e  

in d o le a c e t ic  a c id  breakdown became c o n s ta n t .  The " in d u c tio n  phase" 

m ay/
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may a ls o  have co rresponded  w ith  th e  tim e d u r in g  w hich th e  "P e ro x id ase  

Complex I I "  o f  Yamazaki and Souzu was b e in g  form ed. F u r th e r  i t  was 

o bserved  t h a t  th e  enzyme became in a c t iv a te d  -  a p p a re n tly  tow ards th e  

end o f  th e  r e a c t io n  (s e e  " R e s u l ts " ,  S e c tio n  I I ,  page 1 4 ? ) , T h is  

p ro b a b ly  r e s u l te d  from a  r e a c t io n  betw een th e  enzyme and lAA^ r a d i c a l s  

(a s  su g g es ted  hy  Yamazaki and Souzu f o r  an a n a e ro b ic  sy s te m ).

The a c t i v i t y  o f  th e  system  was g r e a t ly  enhanced by th e  a d d i t io n  

o f  2 ,4  -  d ic h lo ro p h e n o l. T h is ,a c c o rd in g  to  th e  i n t e r p r e t a t i o n  o f

Yamazaki and Souzu waS because  p h en o l r a d i c a l s  (p roduced  by p e ro x id a tio n  

o f  th e  ph en o l) r e a c te d  w ith  in d o le a c e t ic  a c id  to  g iv e  lAA^ r a d i c a l s  

and t h i s  r e a c t io n  was f a s t e r  th a n  th e  p e ro x id a se  -  c a ta ly s e d  one 

betw een in d o le a c e t ic  a c id  and to  g iv e  th e  lAA^ r a d i c a l s .  A h e a t -  

s t a b le  i n h i b i t o r  o f  th e  in d o le a c e t ic  a c id  o x id is in g  system  was shown to  

be p re s e n t  in  th e  e x t r a c t s  ( " R e s u l ts " ,  S e c tio n  V I ) .  The n a tu re  o f  t h i s

su b s ta n c e  was unknown, b u t  i t  was c o n s id e re d  l i k e l y  t h a t  i t  c o n s is te d  o f

a  m ix tu re  o f  p o ly p h en o ls  -  compounds w hich a re  re c o g n ise d  a s  pow erfu l

i n h ib i t o r s  o f  f r e e - r a d i c a l  c a ta ly s e d  r e a c t io n s  -  on acco u n t o f  t h e i r

ten d en cy  to  g iv e  r i s e  to  i n a c t i v e , r e s o n a n c e - s ta b i l i s e d  r a d i c a l s .

The r e a c t io n  p roceeded  in  th e  absence o f  added H^O^. Hence i t

was assumed t h a t  H^O^ was b e in g  formed from th e  s u b s t r a t e ,  a s  d e sc r ib e d

by Yamazaki and Souzu. ( I t  was n o t  known w hether th e  endogenous

manganese in  th e  e x t r a c t s  was hav ing  an a c t iv a t in g  e f f e c t  on t h i s

p ro c e s s  -  by th e  su g g es ted  prom otion  o f  a  r e a c t io n  betw een lAA^ r a d i c a l s

and m o le c u la r  oxygen ). In  th e  p re s e n t  system  th e r e f o r e ,  i n  w hich 

i n d o le a c e t i c /
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I n d o le a c e t lc  a c id  was o x id is e d ,  th e  enzyme p e ro x id a se  was a c t in g  a s  a  

s o - c a l le d  " d i r e c t  o x id a s e " .

In fo rm a tio n  from  th e  ch rom atograph ic  d a ta  c o n ce rn in g  the ,b reakdow n  

p ro d u c ts  o f  th e  enzym atic  o x id a t io n  o f  in d o le a c e t ic  ac lA ^ ' »nd nnaatU la  

in te rm e d ia te s  in  th e  r e a c t i o n .

Of th e  compounds lo c a te d  by t h e i r  c o lo u r  r e a c t io n s  on th e  chromato* 

grams o f  f ig u r e s  14a , 14b, 16 and 17 ( " R e s u l ts " ,  S e c tio n  1 -2 ) ,  th r e e  

were c o n s id e re d  to  be p ro d u c ts  o f  th e  enzym atic  o x id a t io n  o f  in d o le ­

a c e t i c  a c id .  These w ere th e  s p o ts  l i s t e d  a s  No. 8 ,  No. 9 and No. 10 

i n  th e  t a b l e  on page 1 2 7 . ' No. 8 and No. 10 (R f v a lu e s  .7 7  and *86 ) 

gave c o lo u rs  w ith  S a lp e r  and E h r l ic h  r e a g e n ts ,  w h ile  No. 9 (R f .80) 

gave a  c o lo u r  o n ly  w ith  Van Eck re a g e n t  W hereas th e  i d e n t i t y  o f  

Nos. 8 and 10 was unknown. No. 9 was th o u g h t to  be^ in d o lea ld eh y d e*

The o r ig in  o f  th e  rem ain in g  compounds (S p o ts  Nos. 1 , 4 , 5 , 6 and 

7) on th e  above chrom atogram s was u n c e r ta in .  T hree a l t e r n a t i v e s  

su g g ested  th em se lv e s :

1 . They w ere form ed from in d o le a c e t ic  a c id  by th e  a c t io n  o f  th e  

" in d o le a c e t ic  a c id -o x id a s e "  system  -  in  w hich c a se  th e y  co u ld  be 

re g a rd e d  a s  " in te rm e d ia te s "  in  th e  r e a c t io n .

2 . They w ere p r e s e n t  a s  im p u r i t ie s  i n  th e  com m ercial p r e p a ra t io n  o f  

in d o le a c e t ic  a c id  w hich was used  f o r  th e  e x p e rim e n ts . I f  t h i s  

w ere s o ,  th e n  th e r e  was ev id en ce  t h a t  c e r t a i n  o f  them co u ld  be 

s u b s t r a t e s  f o r  th e  " in d o le a c e t ic  a c id -o x id a se "  system  -  nam ely 
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th o se  w hich were n o t p re s e n t  in  th e  r e a c t io n  m ix tu re s  when th e  in d o le ­

a c e t i c  a c id  o x id a t io n  had p roceeded  to  co m p le tio n .

3 . They w ere compounds w hich had been  form ed from  in d o le a c e t ic  a c id  non- 

e n z y m a tic a lly  e i t h e r  d u rin g  th e  p ro c e ss  o f  e th e r  e x t r a c t io n  o r  d u r in g  

chrom atography .

As f a r  a s  s p o ts  No. 1 and 4  w ere co n cern ed , i t  was th e  t h i r d  

a l t e r n a t i v e  w hich appeared  m ost l i k e l y .  The ev id en ce  f o r  t h i s  was a s  

fo l lo w s : -

1 . Both th e s e  s p o ts  were found on th e  chrom atogram s o f  th e  " c o n tro l"  

r e a c t io n  m ix tu re s  -  i n  w hich in d o le a c e t ic  a c id  breeikdown had n o t 

ta k e n  p la c e  ( f ig u r e  14c) -  and a ls o  on th e  chrom atogram s o f  th e  

"m arker" s o lu t io n s  o f  in d o le a c e t ic  a c id  in  m ethanol ( f ig u re  15 ) .

2 . They w ere p r e s e n t  on th e  chrom atogram s o n ly  when th e  s o lu t io n  a p p lie d  

a t  th e  s t a r t i n g  p o in t  c o n ta in e d  in d o le a c e t ic  a c id  i t s e l f  ( f ig u r e s  14a ,  

14b and 16 ) .

3 . No ev id en ce  was o b ta in e d  t h a t  th e y  accum ulated  w ith  tim e  and th e n  

d isa p p e a re d  -  a s  m ight be e x p ec ted  i f  a l t e r n a t iv e  1 . above w ere th e  

c o r r e c t  one -  though  i t  m ight be a rgued  t h a t  th e  r a t e  o f  th e  r e a c t io n  

under th e  c o n d it io n s  u sed  was to o  f a s t  f o r  t h i s  to  be o b se rv ed .

S ince  th e  compounds i n  q u e s t io n ,  s p o ts  Nos. 1 and 4 , w erefound b o th  on th e

" c o n tro l"  chrom atogram s and on th e  "m arker" chrom atogram s, i t  was concluded

t h a t  th e y  m ust have a r i s e n  from in d o le a c e t ic  a c id  d u r in g  chrom atography

r a t h e r  th a n  d u r in g  e x t r a c t io n .  I t  m ust be n o te d , t h a t  t h i s  f in d in g  was 
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n o t in  agreem ent w ith  t h a t  o f  M elch io r (1958) who p re s e n te d  ev idence  

w hich su g g e s te d  t h a t  th e s e  two compounds w ere i n  f a c t  in te rm e d ia te s  

(se e  page 34 o f  th e  " I n t ro d u c t io n " ) .

I t  was th o u g h t on th e  o th e r  hand , t h a t  th e  o r ig in  o f  th e  compound 

o f  sp o t No. 6 co u ld  be e x p la in e d  i n  term s o f  a l t e r n a t iv e  2 . above.

Thus t h i s  sp o t was p re s e n t  on th e  " c o n tro l"  and "m arker" chrom atogram s, 

and was alw ays found on chrom atogram s sp rayed  w ith  S a lp e r  o r  E lir l ic h  

re a g e n ts ,  r e g a r d le s s  o f  w hether o r  n o t th e  s t a r t i n g  sp o t had c o n ta in e d  

in d o le a c e t ic  a c id  ( f ig u r e s  14a , 14b, 14c , 16 and 1 7 ) . The s t a tu s  o f  

th e  compound o f  sp o t No. 7 was much l e s s  c e r t a i n .  I t  was o n ly  found 

on one chrom atogram , t h a t  sp rayed  w ith  E h r lic h  re a g e n t ( f ig u r e  1 6 ) .

As i t  was p r e s e n t  in  r e a c t io n  m ix tu re s  w hich d id  n o t c o n ta in  in d o le a c e t ic  

a c id  i t  was p ro b ab ly  an i a p u r i t y  in  th e  o r i g in a l  in d o le a c e t ic  a c id  -  i n  

w hich case  i t s  absence  from  th e  chrom atogram s r e p re s e n tin g  th e  sam ples 

o f  r e a c t io n  m ix tu re s  e x tr a c te d  a t  50 and 60 m inu tes  was m erely  caused  

by th e  f a c t  t h a t  i t s  c o n c e n tra tio n  had f a l l e n  below  th e  minimum v a lu e  

g iv in g  a  c o lo u r  r e a c t io n  ( t h i s  was weak in  any c a s e ) .  (The compound 

o f  sp o t No. 0 -  found o n ly  on th e  "m arker" chrom atogram s ( f ig u r e  15) -  

was a ls o  p ro b a b ly  an im p u rity  i n  th e  in d o le a c e t ic  a c id .  However i t  

was p resum ably  p re s e n t  i n  so sm a ll a  c o n c e n tra t io n  thalj& t o n ly  gave 

r i s e  to  a  d e te c ta b le  sp o t when v e ry  la r g e  amounts o f  in d o le a c e t ic  a c id  

were ch rom atog raphed ).

The o r i g in  o f  th e  sp o t No. 3 w hich gave a  y e llo w  c o lo u r  w ith

Van Eck re a g e n t  and was found to  have ap p ro x im ate ly  th e  same Kf a s  

i n d o le a c e t i c /



— 249“

in d o le a c e t ic  a c id  haa a l r e a d y  been  d is c u s se d  ( " R e s u l ts " ,  S e c tio n  1 -2 , 

page 130 )* I t  was th o u g h t to  be a t t r i b u t a b l e  to  in d o le a ld e h y d e  -  

form ed on th e  p a p er from  in d o le a c e t ic  a c id  -  presum ably  d u rin g  th e  p ro c e ss  

o f  d ry in g  th e  chrom atogram s.

The e x ia te n c e  o f  a  d i f f e r e n c e  betw een th e  " in d o le a c e t ic  a c id -o x id a se "  

a c t i v i t i e s  o f  e x t r a c t s  (A) and (B ).

I t  h as b een  shown ( " R e s u l ts " ,  S e c tio n s  I ,  I I  and I I I )  t h a t  th e

" in d o le a c e t ic  a c id -o x id a se "  a c t i v i t i e s  o f  aqueous e x t r a c t s  made from

th e  r o o ts  o f  e t i o l a t e d  pea  s e e d lin g  grown f o r  two days in  in d o le a c e t ic
—7

a c id  s o lu t io n  10~ g . /m l .  ((B) e x t r a c t s )  were g r e a t e r  th a n  th e  a c t i v i t i e s  

o f  s im i la r  e x t r a c t s  made from  th e  r o o ts  o f  e t i o l a t e d  pea  s e e d lin g s  

grown f o r  two days in  w a te r  ((A) e x t r a c t s ) .  , Thus th e  "tim e ta k e n  f o r  

th e  r e a c t io n  to  re a c h  com pletion" was found to  be s h o r t e r  i n  r e a c t io n  

m ix tu re s  c o n ta in in g  th e  (B) e x t r a c t s  th a n  i t  was i n  s im i la r  r e a c t io n  

m ix tu re s  c o n ta in in g  th e  (A) e x t r a c t s .  A lso , when th e  p ro g re s s  cu rv e s  

f o r  th e  breakdown o f  in d o le a c e t ic  a c id  i n  th e  p re sen c e  o f  th e  two ty p e s  

o f  enzyme e x t r a c t  were com pared, c e r t a i n  d i f f e r e n c e s  w ere o b se rv ed . In  

r e a c t io n  m ix tu re s  c o n ta in in g  (B) e x t r a c t s ,  i t  was found t h a t  th e  la g  

p e r io d  was alw ays s h o r t e r ,  and th e  maximum r a t e  a t t a in e d  i n  th e  r e a c t io n  

h ig h e r ,  th a n  i n  r e a c t io n  m ix tu re s  c o n ta in in g  (A) e x t r a c t s .

F u r th e r  d i f f e r e n c e s  betw een th e  a c t i v i t i e s  o f  th e  (A) and (B) 

e x t r a c t s  w ere re v e a le d  when th e  r e l a t i o n s h ip  betw een th e  le n g th  o f  th e  

la g  p e r io d  and th e  maximum r a t e  a t t a in e d  f o r  each  ty p e  o f  e x t r a c t  was 
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exarained. ( S t a t i s t i c a l  a n a ly se s  on page 174 e t .  s e q . ) .  Thus a lth o u g h  

an in v e rs e  l i n e a r  r e l a t i o n s h ip  was found i n  each  c a s e , th e  r e g r e s s io n  

l i n e s  f o r  y  (maximum r a t e  a t t a in e d )  on x  ( le n g th  o f  th e  la g  p e rio d )  

were s l i g h t l y  d i f f e r e n t  (se e  f ig u r e  29c on page IS'T). The s lo p e  o f  

th e  r e g r e s s io n  l i n e  g iven  by  th e  d a ta  f o r  th e  (B) e x t r a c t s  was g r e a te r  

th a n  th e  s lo p e  o f  t h a t  g iv en  by th e  d a ta  f o r  th e  (A) e x t r a c t s .  T h is  

meant t h a t  f o r  a  g iv e n  in c re a s e  i n  thejleiig th  o f  th e  la g  p e r io d , th e  

d e c re a se  i n  th e  maximum r a t e  was g r e a te r  w ith  th e  (B) e x t r a c t  th a n  

w ith  th e  (A) e x t r a c t s .

From a s tu d y  o f  th e  d i f f e r e n c e  i n  s lo p e  o f  th e  two r e g r e s s io n  l i n e s ,  

and t h e i r  p o s i t io n  i n  r e l a t i o n  to  one a n o th e r  on th e  g rap h , a  nuiu'^er o f  

d e d u c tio n s  w ere made co n ce rn in g  th e  r e l a t i o n s h ip  o f  th e  la g s  and maximum 

r a t e s  to  enzyme c o n c e n tra t io n  (s e e  th e  d i a g r ^  on page 189 ) .  These 

w ere t h a t  w ith  in c re a s in g  enzyme c o n c e n tra t io n :

1 . The r a t e  o f  in c re a s e  o f  th e  maximum r a t e  was g r e a te r  f o r  th e  (A) 

e x t r a c t s  th a n  f o r  th e  (B) e x t r a c t s .

2 . The r a t e  o f  d e c re a se  o f  th e  la g  p e r io d  was g r e a te r  f o r  th e  (A) 

e x t r a c t s  th a n  f o r  th e  (B) e x t r a c t s .

3 . VJhen th e  (A) e x t r a c t  and th e  (B) e x t r a c t  w ere c o n s id e re d  in d iv id u a l ly ,  

th e  change in  la g  p e r io d  w ith  enzyme c o n c e n tra t io n  was g r e a te r  th a n  

th e  c o rre sp o n d in g  change in  maximum r a t e .

4 . At r e l a t i v e l y  low c o n c e n tra t io n s  o f  enzyme th e  d i f f e r e n c e  betw een

th e  la g  p e r io d s  i n  th e  (A) and (B) e x t r a c t s  was la r g e  compared

w ith  th e  d i f f e r e n c e  betw een th e  maximum r a t e s ,  w hereas a t  r e l a t i v e l y  
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h ig h  c o n c e n tra t io n s  o f  enzyme th e  p o s i t io n  was re v e rse d  and th e  

d i f f e r e n c e  i n  th e  la g  p e r io d s  was sm all compared w ith  th e  d i f f e r ­

ence i n  th e  maximum r a t e s .

On t h i s  b a s i s  i t  was p o s s ib le  to  e x p la in  th e  f a c t  t h a t  a t  a  g iv en  

c o n c e n tra tio n  (w hich was d i f f e r e n t  f o r  th e  two e x t r a c t s )  th e  la g s  and 

maximum r a t e s  f o r  (A) and (B) would a p p a re n tly  be i d e n t i c a l ,  w hereas 

f o r  a  g iv en  maximum r a t e  above t h a t  found a t  th e  p o in t  o f  i n t e r s e c t i o n  

o f  th e  r e g r e s s io n  l i n e s  ( f ig u r e  29c) th e  la g  f o r  (B) would be lo n g e r  

th a n  t h a t  f o r  (A ), and f o r  a  g iv en  maximum r a t e  below  t h i s  v a lu e ,  

th e  la g  f o r  (B) would be s h o r t e r .

A d i f f e r e n c e  in  i n h ib i t o r  l e v e l s  was d em o n stra ted  e x p e r im e n ta lly  

( " R e s u l ts " ,  S e c tio n  VI) -  t h a t  o f  th e  (B) e x t r a c t  b e in g  low er th a n  t h a t  

o f  th e  (A) e x t r a c t .  I t  seemed p ro b a b le  t h a t  t h i s  a t  l e a s t  to  some 

e x te n t  acco u n ted  f o r  th e  d if fe r j^ in g  a c t i v i t i e s .  I f  i t  w ere assumed 

t h a t  th e  in h ib i to r y  a c t i v i t y  c o u ld  be a s c r ib e d  to  one chem ica l compound, 

th e n  i t  would be n e c e s sa ry  to  assume t h a t  t h i s  a f f e c te d  b o th  th e  la g  

p e r io d  and th e  maximum r a t e .  T h is  may have been  s o . On th e  o th e r  

hand, s in c e  S h a rp en s tee n  and G als to n  (1959) and G a ls to n  (1959) p re s e n te d  

ev id en ce  w hich su g g es ted  t h a t  th e  i n h ib i t o r  from  p eas was a  complex 

m ix tu re  o f  s u b s ta n c e s , i t  seemed more l i k e l y  t h a t  th e  i n h i b i t o r  p re p a ra ­

t i o n  o b ta in e d  in  th e  p re s e n t  work a ls o  c o n ta in e d  more th a n  one com ponent. 
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A lthough th e  chem ica l n a tu re  o f  t h i s  p r e p a r a t io n  was n o t  in v e s t ig a te d  -

i t  was c o n s id e re d  l i k e l y  t l i a t  p h e n o lic  su b s ta n c e s  w ere in v o lv ed  as

su g g ested  by G a ls to n  (1959) f o r  th e  pea  i n h i b i t o r ,  and a ls o  by Waygood,

Oaks and M aclach lan  (1956b) f o r  a  s im i la r  i n h ib i t o r  from  w heat le a v e s ,

and by G o rtn e r and Kent (1953) f o r  one from  p in eap p le*  I t  seemed 

p o s s ib le  m oreover t h a t  some components o f  th e  m ix tu re  a f f e c te d  c h ie f ly

th e  la g  p h a se , w h ile  o th e r s  a f f e c te d  c h ie f ly  th e  maximum r a t e .  (Waygood,

Oaks and M aclach lan , (1956b), made a  d i s t i n c t i o n  betw een in h ib i t o r s  o f

th e  " c a te c h o l ty p e"  w hich m ere ly  ex tended  th e  la g  p e r io d , and th o se

such a s  hydroquinone and s c o p o le t in  -  w hich a c te d  a s  " c h a in  t r a n s f e r r e r s "

and th u s  a f f e c te d  th e  " s te a d y  s t a t e  r e a c t io n  r a t e " . )  In  any caae  i t

was c o n s id e re d  t h a t  th e  i n h ib i t i o n  cou ld  a lm o st c e r t a i n l y  be i n te r p r e te d

in  terras o f  th e  c o m p e tit io n  o f  th e  i n h ib i t o r  w ith  in d o le a c e t ic  a c id  f o r

th e  enzyme a n d /o r  hydrogen p e ro x id e .

In  o rd e r  to  acco u n t f o r  th e  su g g e s te d  r e l a t i o n s h ip  betw een th e  

" a c t i v i t y  o f  th e  in h ib i to r "  and th e  enzyme c o n c e n tra t io n  (s e e  th e  

d iagram  on page 189 ) ,  i t  was assumed t h a t  th e  a c t i v i t y  o f  one o r  more 

o f  th e  components o f  th e  i n h i b i t o r  m ix tu re  was dependen t on th e  i n h ib i t o r  

a n d /o r  enzyme i s u b s t r a t e  r a t i o .  (The r a t i o  enzyme to  i n h ib i t o r  would 

be c o n s ta n t  f o r  a  g iv en  (A) o r  (B) e x t r a c t ) .  I t  i s  o f  i n t e r e s t  to  

n o te  t h a t  some ev id en ce  was a c tu a l ly  o b ta in e d  f o r  p r e c i s e ly  t h i s  k in d  

o f  s i t u a t i o n  by  G o rtn e r  and Kent (1953) -  a lth o u g h  th e y  ysed  a  p in e a p p le  

e x t r a c t  w hich was i n  s e v e r a l  r e s p e c t s  v e ry  d i f f e r e n t  from th e  p e ro x id a se  -

c o n ta in in g  e x t r a c t s  d e r iv e d  from o th e r  so u rc e s . Thus th e y  found t h a t  
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th e  a c t i v i t y  o f  th e  p in e a p p le  i n h i b i t o r  was g r e a t e s t  a t  h ig h  i n h i b i t o r  : 

s u b s t r a te  r a t i o s  and lo w est a t  low i n h ib i t o r  ; s u b s t r a te  r a t i o s  (when 

th e  s u b s t r a te  c o n c e n tra t io n  was v a r ie d  in  th e  p re se n c e  o f  a  g iven  amount 

o f  i n h i b i t o r ) .  P resum ably , i n  th e  p re s e n t  w ork, s in c e  th e  e f f e c t  was 

i n  f a c t  th e  r e v e r s e  o f  th e  above, i t  was th e  r a t i o  o f  " i n h ib i t o r  + 

enzyme" % s u b s t r a te  w hich was im p o r ta n t .  T h is  may have been  b e ca u se , 

under th e  c o n d it io n s  u se d , th e  enzyme was p a r t i c u l a r l y  s u s c e p t ib le  to  ' 

i n a c t iv a t io n  a t  low c o n c e n tr a t io n s .

The d i f f e r e n c e  i n  s lo p e  o f  th e  cu rves f o r  th e  (A) and (B) e x t r a c t s  

in  th e  d iagram  on page 189 was th o u g h t to  be a t t r i b u t a b l e  e i t h e r  t o  a  

d i f f e r e n c e  in  th e  make up o f  th e  i n h i b i t o r  i n  th e  two ty p e s  o f  e x t r a c t ,  

o r  m ere ly  to  a  d i f f e r e n c e  i n  th e  r a t i o  o f  i n h ib i t o r  : enzyme + in d o le ­

a c e t i c  a c id  (w hich woulu be d i f f e r e n t  f o r  th e  r e a c t io n  m ix tu re s  c o n ta in ­

in g  th e  (a) and (B) e x t r a c t s ) .

When th e  r e g r e s s io n  l i n e s  o f  f ig u r e  29c a re  e x tr a p o la te d  back  to

zero  la g  p e r io d ,  th e  maximum r a t e  o f  th e  r e a c t io n  w ith  th e  (B) e x t r a c t

i s  g r e a te r  th a n  t h a t  f o r  th e  (A) e x t r a c t .  T h is  would a t  f i r s t  s ig h t

ap p ea r to  su g g e s t t h a t  th e  (B) e x t r a c t  c o n ta in e d  a  h ig h e r  l e v e l  o f

enzyme o r  a c t i v a t o r  (p o s s ib ly  even a  c o fa c to r )  th a n  th e  (A) e x t r a c t .

C onvincing  ev id en ce  t h a t  th e  p e ro x id a se  l e v e l s  o f  e x t r a c t s  made from

in d o le a c e t ic  a c id - t r e a t e d  t i s s u e s  a re  i n  f a c t  h ig h e r ,  has however n o t

so f a r  been  r e p o r te d .  The same i s  t r u e  f o r  a c t i v a t o r  l e v e l s  -

a lth o u g h  th e  e x is te n c e  o f  a  n a tu r a l  a c t i v a t o r  i s  w e l l  known. Thus

an  a c t i v a t o r  -  w hich was a ls o  th o u g h t t o  be  p h e n o lic  -  was d e te c te d  

b y /
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by Kent en (1955) i n  y e llo w  waxpod bean  e x t r a c t s ,  and l y  Waygood, Oaks 

and M aclaclilan  (1956a) in  w heat l e a f  e x t r a c t s .  A lso th e  i n h ib i t o r  

from p in e a p p le  was l a t e r  f r a c t io n a te d  (G o rtn e r , Kent and S u th e r la n d ,

1958) to  g iv e  an  e s t e r  o f  f e r u l i c  a c id  -  w hich was a  p o w erfu l i n h i b i t o r  

o f  th e  " in d o le a c e t ic  a c id -o x id a s e " ,  and an e s t e r  o f  p -coum aric  a c id  w hich 

had a c t iv a t in g  p r o p e r t i e s .  Using pea  e x t r a c t s  S h a rp en s teen  and G a ls to n  

(1959) and G a ls to n  (1959) c la im ed  to  have i s o l a t e d  a  h e a t  s t a b le  " c o -  

f a c to r "  w hich co u ld  be s e p a ra te d  (G a ls to n , 1959) in to  two in a c t iv e  

f r a c t io n s  w hich y ie ld e d  th e  o r i g in a l  a c t i v i t y  on rec o m b in a tio n .

Sondheimer and G r i f f in  ( I 96O) showed t h a t  a  b o i le d  e x t r a c t  o f  e t i o l a t e d  

pea  e p ic o ty l s  co u ld  c o u n te ra c t  th e  i n h ib i t io n  b ro u g h t ab o u t by add ing  

c h lo ro g e n ic  a c id .  However i n  th e  p re s e n t  work i t  was th o u g h t l i k e l y  

th fit  th e  in h ib i to r y  p r o p e r t i e s  o f  th e  b o i le d  e x t r a c t s  ( " R e s u l ts " ,

S e c tio n  VI) were th e  most im p o r ta n t . Thus i t  was c o n s id e re d  t h a t  th e  

observed  e x tr a p o la t io n  phenomenon co u ld  be e x p la in e d  in  term s o f  an  

i n h ib i t o r  w hich a f f e c te d  o n ly  th e  r a t e  -  a t  l e a s t  a t  h ig h  c o n c e n tra tio n s  

o f  enzyme. I n d i r e c t  ev id en ce  was a v a i la b le  w hich in d ic a te d  t h a t  th e  

d i f f e r e n c e  betw een th e  a c t i v i t i e s  o f  th e  two e x t r a c t s  was n o t  caused  

to  any e x te n t  by  a  d i f f e r e n t  l e v e l  o f  a c t i v a t o r .  Thus th e  optimum . 

c o n c e n tra t io n  o f  2 ,4 -d ic h lo ro p h e n o l ( " R e s u l ts " ,  S e c tio n  I I - 2 ) was th e  

same f o r  b o th  e x t r a c t s  -  so t h a t  i t  appeared  t h a t  th e  a c t iv a t io n  produced 

by 2 , 4-d ic h lo ro p h e n o l was p ro p o r t io n a l  to  th e  enzyme + i n h i b i t o r  component 

o f  th e  two e x t r a c t s .  (The a c t i v i t y  o f  th e  (B) e x t r a c t  was h ig h e r  th a n  

t h a t  o f  th e  (A) e x t r a c t  a t  th e  optimum 2 ,4 -^ ic h lo ro p h e n o l  c o n c e n tr a t io n ) .
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The d i f f e r e n c e  betw een th e  " In  v iv o "  " In d o le a c e t ic  aold-oxldaA e" 

a c t i v i t i e s  o f  th e  " In d o le a c e t ic  acid -g row n" y n n ta  ^  ' W f r  

growa" r o o t s ,  and betw een th o s e  o f  th e  "am bient 80 l# ip n g * h

D if fe re n c e s  s im i la r  to  th o s e  d e sc r ib e d  above betw een th e  e x t r a c t s  

(A) and (B) w ere a g a in  found when th e  a c t i v i t i e s  o f  whole r o o ts  

(‘R e s u l ts " ,  S e c tio n  IV) and o f  "am bien t s o lu t io n s "  ( " R e s u l ts " ,  S e c tio n  

V) were exam ined. Thus th e  s o - c a l l e d  " in  v iv o  in d o le a c e t ic  a c id -  

o x id ase  a c t i v i t i e s "  o f  " in d o le a c e tic -g ro w n "  r o o t s  were found to  be 

h ig h e r  th a n  th o se  o f  "w ater-grow n" r o o ts  (when th e s e  w ere h a rv e s te d  

a f t e r  two and th r e e  d a y s ) ,  w h ile  i n  one experim en t th e  a c t i v i t y  o f  a  

s o lu t io n  in  w hich " in d o le a c e t ic  a c iw  krown" r o o t s  had been  in c u b a te d  f o r  

tw e n ty -fo u r  h ou rs  was h ig h e r  th a n  t h a t  o f  th e  c o rre sp o n d in g  s o lu t io n  

in  w hich "w ater-grow n" r o o t s  had been  in c u b a te d . A t e n t a t i v e  

su g g e s tio n  was made (se e  th e  comments on page 1 9 7 ) t h a t  th e s e  d i f f e r ­

ences w ere a g a in  a t t r i b u t a b l e  to  th e  f a c t  t h a t  th e  two ty p e s  o f  t i s s u e  

c o n ta in e d  d i f f e r e n t  l e v e l s  o f  a  r a p id ly  d i f f u s in g  w a te r  s o lu b le  

i n h ib i t o r  o f  in d o le a c e t ic  a c id  breakdown.



The a lg n lf lo a n c e  o f  t h .  enhanced " In d o la a e e tla  M ÉA ^xldam e" a i t ia r l lw  

o f  th e  e x t r a c t s  o f  th e  " In d o le a c e tic  aol& .grm m " r o o t ,  l a  tarm a o f

1 . th e  Id e a  o f  a d a p tiv e  anavme f o n p i t io n .

2 . a  Rhyp^9i@ gl9«p, r y l e  In  M.ffh 

in d o le a c e t ic  a c id  o o n c e n tra t jo n .

I t  has been  shown d u rin g  th e  co u rse  o f  t h i s  i n v e s t ig a t io n ,  t h a t ,  

a s  re p o r te d  by G a ls to n  and D alberg  (1954) and by Bakhsh (1 9 5 6 ), th e  

" in d o le a c e t ic  a c id -o x id a se "  a c t i v i t y  o f  e x t r a c t s  made from t i s s u e s  

w hich had been  " p re - t r o a te d "  w ith  in d o le a c e t ic  a c id ,  was h ig h e r  th a n  

t h a t  o f  th o se  made from  th e  n o n - tr e a te d  c o n tro ls*  However, th e  

f in d in g  t h a t  th e r e  appeared  to  be a  d i f f e r e n c e  in  th e  i n h i b i t o r  le v e ls  

o f  e x t r  c t s  ( a) and (B) su g g ested  t h a t  th e  observed  d i f f e r e n c e  in  

" in d o le a c e t ic  a c id -o x id a se "  a c t i v i t y  cou ld  be a t t r i b u t e d  to  th e s e  and 

n o t to  a  d if f e r e n c e  i n  th e  amounts o f  enzyme (p e ro x id a se )  p r e s e n t .

I f  t h i s  were so , th e n  th e re  would bo no n e c e s s i ty  to  p o s tu la te  t h a t  th e  

enzyme " in d o le a c e t ic  a c id -o x id a se "  was b e in g  formed a d a p t iv e ly  -  i n  th e  

sen se  o r i g in a l l y  in tim a te d  by G a ls to n  and D a lb erg . F u rth e rm o re , even 

i f  an  in c re a s e  in  th e  p e ro x id a se  c o n te n t o f  th e  (B) e x t r a c t s  had been 

found (su ch  am in c re a s e  was in  f a c t  found by  Je n se n  (1955) u s in g  i n t a c t  

pea  ro o t  s e c t io n s ) ,  i n  o rd e r  to  e s t a b l i s h  w hether o r  n o t  a d a p tiv e  

enzyme fo rm a tio n  — in  th e  c l a s s i c a l  sen se  -  had ta k e n  p la c e ,  i t  would 

s t i l l  have been  n e c e s sa ry  to  show t h a t  th e  a d d it io n  o f  th e  s u b s tr a te  

was hav ing  a  d i r e c t  e f f e c t  on th e  fo rm a tio n  o f  th e  enzy#e, cau sin g  i t  

to  be form ed e i t h e r  de novo, o r  from  a  p re v io u s ly  e x is t in g  p ro te in  

o r e c u r s o r /
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p re c u rs o r  (p o s s ib ly  a n o th e r  enzym e)« In  th e  absence  o f  such  in form ­

a t i o n ,  an  a l t e r n a t i v e  e x p la n a tio n  would be t h a t  th e  in d o le a c e t ic  a c id  

was a f f e c t in g  grow th o r  d i f f e r e n t i a t i o n  in  some way -  and hence 

prom oting  changes in  th e  enzyme complement o f  th e  t i s s u e s  i n d i r e c t l v .

S in ce  th e  ev id en ce  f o r  th e  o c cu rren c e  o f  a d a p tiv e  enzymes in  th e  h ig h e r  

p la n t s  i s  a t  th e  p r e s e n t  tim e so meagre -  coming o n ly  from  a  s tu d y  o f  

two enzymes -  " in d o le a c e t ic  a c id -o x id a s e "  i t s e l f  and g ly c o l ic  a c id  

o x id ase  (T o lb e r t  and Cohan, 1953) i t  seemed t h a t  some a l t e r n a t iv e  

e x p la n a tio n  -  such  a s  th e  one m entioned above -  was more p ro b a b le . 

N e v e rth e le ss  i t  m ust be m entioned t h a t  F ahraeus and T u lla n d e r  (1956) 

u s in g  th e  fungus P o lvnorus v e r s i c o lo r  were a p p a re n tly  a b le  to  d em o n stra te  

th e  " In d u c tio n "  o f  la c c a s e  by th e  a d d i t io n  o f  in d o le a c e t ic  a c id .  T h is 

enzyme was a ls o  a b le  to  d e s tro y  in d o le a c e t ic  a c id  -  and co u ld  th e r e f o re  

be c o n s id e re d  a s  an " in d o le a c e t ic  a c id -o x id a s e "  -  though  o f  a  co m p le te ly  

d i f f e r e n t  ty p e  from th e  one d e s c r ib e d  f o r  h ig h e r  p l a n t s .

In fo rm a tio n  was a ls o  o b ta in e d  d u r in g  th e  c o u rse  o f  t h i s  work on th e  

o th e r  phenomenon observed  by G a ls to n  and D alberg  -  t h a ^ f  th e  la g  p e rio d  

w hich p receded  th e  r a p id  breakdown o f  in d o le a c e t ic  a c id  by  young 

t i s s u e s  (se e  th e  d iagram  on page 42 o f  th e  " I n t r o d u c t io n " ) .  Thus i t  

was shown h e re  t h a t  such  a  la g  p e r io d  was an  in h e re n t  f e a tu r e  o f  th e  

enzym atic  o x id a t io n  o f  in d o le a c e t ic  a c id  -  r e g a r d le s s  o f  th e  so u rce  o f  

th e  enzyme. M oreover i t  was shown t h a t  th e  v a r i a t i o n s  in  i t s  le n g th  

co u ld  be a t t r i b u t e d  -  a t  a  g iv en  pH -  to  th e  c o n c e n trâ t  ioné  o f  th e  

v a r io u s  components o f  th e  system -enzym e, a c t i v a t o r  and i n h i b i t o r  -  p re s e n t  

âS/
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a t  th e  s t a r t  o f  th e  ex p e rim e n t» Hence, f i r s t l y ,  th e r e  was th o u g h t to  

be no J u s t i f i c a t i o n  f o r  th e  a s s e r t io n  o f  G a ls to n  and D alberg  t h a t  th e  

r e a c t io n  p roceeded  w ith o u t a  la g  p e r io d  when th e  o ld e r  "non-grow ing" 

t i s s u e s  were used  (an  ex am in a tio n  o f  th e  p u b lish e d  g raphs -  page 42 

o f  th e  " In tro d u c tio n "  -  showed t h a t  th e r e  was in  f a c t  q u i te  a  co n sid ­

e ra b le  la g  p e r io d ) . S econdly , th e  more marked la g  p e r io d  w ith  th e  

young t i s s u e  was th o u g h t to  be q u i te  c o n s i s te n t  w ith  th e  low er 

" in d o le a c e t ic  a c id -o x id a s e "  a c t i v i t y  o f  th e  younger t i s s u e s  (a  

f e a tu r e  w hich G a ls to n  and D alberg  had dem o nstra ted  in  a  p re v io u s  

experim en t in v o lv in g  th e  " to p o g ra p h ic a l  d i s t r ib u t io n "  o f  " in d o le ­

a c e t i c  a c id -o x id a s e " . I t  co u ld  n o t have been  th e  r e s u l t  o f  th e  

a d a o tiv e  fo rm a tio n  o f  th e  enzyme d u r in ?  th e  c o u rse  o f  th e  r e a c t i o n .

A lthough th e  r e s u l t s  o f  th e  p re s e n t  work ‘do n o t su p p o rt th e  id e a

o f  " a d a p tiv e  enzyme fo rm a tio n " , i t  seemed p o s s ib le  t h a t  th e  enhanced

" in d o le a c e t ic  a c id -o x id a s e "  a c t i v i t y  o f  th e  ’In d o le a c e t ic  acid -g row n"

r o o ts  m ight on th e  o th e r  hand acco u n t in  some way f o r  th e  phenomenon

o f  th e  " a d a p ta t io n "  o f  r o o ts  to  grow in  in d o le a c e t ic  a c id  s o lu t io n s

observed  by Bakhsh (1956) and by B urstrom  (1 9 5 7 ). T hus, an  enhanced

c a p a c i ty  to  d e s tro y  in d o le a c e t ic  a c id ,  induced  by th e  p re sen c e  o f  t h i s

substam ce in  th e  c u l tu r e  medium, m ight have en ab led  th e  r o o ts  to  grow

more n o rm ally  a f t e r  an i n i t i a l  p e r io d  o f  r e ta r d e d  a n d /o r  "abnorm al"

—7
grow th . The c o n c e n tr a t io n  o f  in d o le a c e t ic  a c id  u sed  h e re  (10 g . /m l . )

was such  t h a t  grow th  in h ib i t i o n  was e x p ec te d , w h ile  in  a d d i t io n  to

t h i s ,  a  m alfo rm a tio n  o f  th e  r o o ts  was a ls o  observed  (se e  f ig u r e s  2b 

a n d /
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and 3b under "M ethods", S e c tio n  I ,  pages 52 & 5 4 ). Such a  f in d in g  

cou ld  be reg a rd ed  a s  v e ry  good, though r a th e r  i n d i r e c t ,  ev idence  t h a t  

e x te r n a l ly  a p p lie d  in d o le a c e t ic  a c id  a t  any r a t e  was b e in g  broken 

down in  v iv o .

The q u e s tio n  as  to  w hether endogenous in d o le a c e t ic  a c id  i s  l ik e w ise  

broken  down m ust rem ain  unansw ered. The r o le  o f  th e  " in d o le a c e t ic  

a c id -o x id a se "  enzyme in  c o n tr o l l in g  grow th p ro c e sse s  -  by re g u la t in g  

th e  c o n c e n tra t io n  o f  in d o le a c e t ic  a c id  in  th e  t i s s u e s  -  i s  th e re fo re  

s t i l l  ex trem e ly  h y p o th e t ic a l .  However, in  c o n c lu s io n , i t  must be ad m itte d  

t h a t  th e  n e g a tiv e  d é c is io n  reach ed  in  t h i s  work on th e  s u b je c to f  th e  

a d a p tiv e  fo rm a tio n  o f  th e  " in d o le a c e t ic  a c id -o x id a se "  enzyme, in  

resp o n se  to  added in d o le a c e t ic  a c id ,  i n  no way e x c lu d es  th e  p o s s i b i l i t y  

t h a t  th e  enzyme in  q u e s tio n  i s  i n  f a c t  formed a d a p t iv e ly  in  th e  t i s s u e s  

in  resp o n se  to  endogenous in d o le a c e t ic  a c id .  T h is  s t a t e  o f  a f f a i r s  

would be v e ry  d i f f i c u l t  to  prove o r  d isp ro v e  e x p e r im e n ta lly . Indeed 

i t  seems t h a t  a  v e ry  c lo s e  r e l a t io n s h ip  may w e ll  e x i s t  betw een in d o le ­

a c e t i c  a c id  c o n c e n tra t io n  and enzyme a c t i v i t y  in  v iv o ." Thus Jen sen  

( 1955) was o f  th e  o p in io n  t h a t  p re tre a tm e n t w ith  in d o le a c e t ic  a c id  

caused  n o t o n ly  an  in c re a s e  in  th e  p e ro x id a se  a c t i v i t y  o f  pea ro o t  

t i s s u e s ,  b u t a ls o  th e  p rem ature  o n se t  o f  l i g n i f i c a t i o n  -  a  p ro ce ss  in  

w hich th e  enzyme p e ro x id a se  i s  th o u g h t to  be in v o lv e d . T h is b e ing  so , 

i t  i s  a t  l e a s t  c o n ce iv a b le  t h a t  endogenously  su p p lie d  in d o le a c e t ic  

a c id  m ight perfo rm  a  s im i la r  fu n c t io n  in  th e  norm al co u rse  o f  d i f f e r ­

e n t i a t i o n  in  a l l  l i g n i f i e d  t i s s u e s .  A lso , in  view  o f  th e  known e f f e c t s  

o f  in d o le a c e t ic  a c id ,  n o t o n ly  on d i f f e r e n t i a t i o n ,  b u t  a ls o  on e x te n s io n  

g ro w th /
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growth and cam bial a c t i v i t y ,  i t  seems l i k e l y  t h a t  o th e r  exam ples o f  t h i s  

k in d  o f  e f f e c t  -  p o s s ib ly  in v o lv in g  o th e r  enzymes, m ight su b seq u en tly  

be d is c o v e re d . However, once a g a in  th e  o b je c t io n  m ight be r a i s e d  t h a t  

th e  observed  e f f e c t s  on enzyme a c t i v i t y  m ight be i n d i r e c t  ones -  b ro u g h t 

ab o u t by th e  s t im u la t io n  o f  grow th o r  d i f f e r e n t i a t i o n  by some q u i te  

independen t mechanism.

On th e  b a s i s  o f  th e  e x p e rim e n ta l ev idence  w hich has been p re se n te d  

so f a r ,  i t  a p p ea rs  t h a t  th e  h y p o th e s is  o f  a d a p tiv e  enzyme fo rm a tic n  

canno t be e n te r ta in e d  s e r io u s ly  a s  an e x p la n a tio n  o f  th e  resp o n se  o f  

p la n t  t i s s u e s  e i t h e r  to  a p p lie d  in d o le a c e t ic  a c id  o r  to  endogenous 

in d o le a c e t ic  a c id .  F in a l ly ,  i t  m ust be rem arked t h a t  t h i s  i s  so in  

s p i t e  o f  th e  g e n e ra l  a t t r a c t iv e n e s s  o f  th e  id e a  as an e x p la n a tio n  o f  

th e  observed  d i v e r s i t y  o f  enzyme a c t i v i t y  among c e l l s  w ith  th e  same 

g e n e t ic a l ly  c o n tr o l le d  p o t e n t i a l i t i e s .
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