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S u m m a r y  

The i n f l u e n c e  o f  I A A / 1 0 - i M /  on t h e  b i o s y n t h e s i s  and 

a c t i v i t y  o f  p e r o x i d a s e  i n  p e a  r o o t s  was s t u d i e d .  Us ing  

a s t a r c h  e l e c t r o p h o r e s i s  me th od  i n  b o r a t e  b u f f e r  pH 8 . 5  

c r u d e  e x t r a c t s  were  p u r i f i e d  and p e r o x i d a s e  was s e p a r a t e d  

i n t o  t h r e e  f r a c t i o n s  : n e u t r a l  / 0 / ,  a n o d i c  / A / ,  and c a t h o -  

d i c  / C / .  Us ing  59Fe i n c o r p o r a t i o n  a s  an i n d e x  o f  b i o s y n t h e -  

s i s ,  t r e a t m e n t  w i t h  I A A w a s  shown t o  i n c r e a s e  t h e  b i o s y n -  

t h e s i s  o f  t h e  main  f r a c t i o n  o f  p e r o x i d a s e  / C / .  The p e r o x i -  

d a s e  a c t i v i t y  o f  f r a c t i o n  C and t h e  t o t a l  p e r o x i d a s e  

a c t i v i t y  o f  t h e  c r u d e  e x t r a c t  was h i g h e r  i n  t r e a t e d  t i s s u e s  

t h a n  i n  c o n t r o l s .  I n d o l e a c e t i c  a c i d  o x i d a s e  a c t i v i t y  o f  

c r u d e  e x t r a c t s  was a b o u t  t w i c e  a s  h i g h  i n  t h e  t r e a t e d  t i s s u e  

a s  c o m p a r e d  t o  t h e  c o n t r o l s .  

Introduction. 

In a previous paper /Czapskl and Antoszewskl 1970/, 

it has been shown that pea roots treated with indoleacetic 

acid /IAA/ exhibited a greater incorporation of 59Fe into 

the protein fraction than did the controls and that this 

was correlated with a higher peroxidase activity of the 

treated tissues. It was suggested that under the influence 

of IAA, peroxldase biosynthesis is increased. In order to 

confirm this suggestion, it would be necessary to show that 

Work s u p p o r t e d  i n  p a r t  by  t h e  U . S .  D e p a r t m e n t  o f  

A g r i c u l t u r e  R e s .  S e r v i c e ,  G r a n t  No F G r P o - 1 9 8 .  
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t h e  i n c r e a s e d  i n c o r p o r a t i o n  o f  59Fe upon t r e a t m e n t  o f  

t i s s u e s  w i t h  IAA i s  t h e  r e s u l t  o f  i n c o r p o r a t i o n  o f  t h e  

i s o t o p e  i n t o  p e r o x i d a s e .  

Th i s  c o m m u n i c a t i o n  p r e s e n t s  t h e  r e s u l t s  o f  i n v e s t i g a -  

t i o n  i n t o  t he  p e r o x i d a s e  a c t i v i t y  and de n e r o  b i o s y n t h e s i s  

o f  p e r o x i d a s e  i n  t h e  p r e s e n c e  o f  I ~ .  

M a t e r i a l  and Methods. 

Pea seeds /Pisum sativum L./ were germinated on moist 

filter paper in Petri dishes for 48 hrs in the dark at 25°C. 

The terminal 2 cm of the roots were removed and samples 

having 0.5 - 1.0 g fresh weight were vacuum infiltrated 

f o r  5 mln as below~ 

I5 C o n t r o l  - w a t e r  + 59Fe,  

llz Treatment - IAA /10-4M/ + 59Fe. 

The s p e c i f i c  r a d i o a c t i v i t y  o f  59Fe i n  t h e  s o l u t i o n s  was 

1 0 / u C i / m l  and t h e  i r o n  c o n c e n t r a t i o n  0 , 6  - 3 . 75  ppm. 

The 59Fe / p r o d u c e d  by t h e  R e s e a r c h  I n s t .  o f  N u c l e a r  S c l . ,  

~ w i e r k ,  P o l a n d /  was i n  t h e  form o f  FeC13.  A s t o c k  s o l u t i o n  

o f  I A A / I O - 3 M /  was p r e p a r e d  by d i s s o l v i n g  1 7 , 5  n~ o f  IAA 

/ C h e m a p o l ,  C z e c h o s l o v a k i a /  i n  t 0 0  ml w a t e r  c o n t a i n i n g  

0 . 5  ml o f  1M NaHC03. A f t e r  i n f i l t r a t i o n ,  t h e  r o o t s  were  

washed  i n  t a p  w a t e r  f o r  20 see  and t h e n  s u r f a c e - d r i e d  w i t h  

f i l t e r  p a p e r ,  They were  t h e n  p l a c e d  on m o i s t  f i l t e r  p a p e r  I n  

P e t r i  d i s h e s  f o r  48 h r s  i n  t h e  d a r k  a t  25°C.  They were  t h e n  

g r o u n d  i n  a c h i l l e d  m o r t a r  w i t h  0 . 0 2  M p h o s p h a t e  b u f f e r  

pH 7 . 0  t o g e t h e r  w i t h  a s m a l l  q u a n t i t y  o f  q u a r t z  s a n d .  

The volume and r a d i o a c t i v i t y  o f  t h e  b r e l  were  m e a s u r e d .  

The homogena te  was c e n t r i f u g e d  i n  t h e  c o l d  a t  20 .000  g and 

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

o x i d a s e  a c t i v i t y  and f o r  p r o t e i n  c o n t e n t ,  

P e r o x t d a s e  a c t i v i t y  was  d e t e r m i n e d  by t h e  me thod  o f  

B o y a r k l n  / 1 9 5 1 / .  I n d o l e a c e t l c  a c i d  o x l d a s e  a c t i v i t y  was 

d e t e r m i n e d  by f o l l o w i n g  l o s s  o f  IAA. A m l x t u r e  c o n t a i n i n g  

, IAA / 1  ml 2x10-SM/, MnC12 /1  ml 10-SM/, wa te r  / 1  m l /  and 
p h o s p h a t e  b u f f e r ~  / 6  ml ,  1/15M, pH 5 . 2 /  was I n c u b a t e d  

a t  25°C and 2 ml s a m p l e s  t a k e n  a f t e r  v a r i o u s  p e r i o d s  o f  

t i m e ,  To t h e s e  s amp l e s  were  added  4 mls  o f  Gordon and Weber 

r e a g e n t  / 1 9 5 1 /  and a f t e r  s t a n d i n g  30 min t h e  c o l o u r  d e v e l o -  

p e d  was m e a s u r e d  a t  530 nm. T o t a l  p r o t e i n  was e s t i m a t e d  by  

t h e  method  o f  Lowry e t  e l .  / 1 9 5 1 / .  
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P u r i f i c ~ t i o n  and f r a c t i o n a t i o n  o f  p e r o x i d a s e  f r a c t i o n s  

o f  t h e  s u p e r n a t a u t  was a c h i v e d  u s i n g  s t a r c h  e l e o t r o p h o r e s i s °  

S t a r c h  / h y d r o l i z e d  a c c o r d i n g  t o  S m i t h i e s ,  1955 /  was mixed  

w i t h  b o r a t e  b u f f e r  /pH8o5  p r e p a r e d  f rom 0 . 0 2 5  M H3B03 and 

0 , 0 1  M Na0H/ and p o u r e d  i n t o  p l e x i g l a s s  c h a n n e l s  / 2 0  x 2 x 

0 . 7  cm/° E x c e s s  b u f f e r  was r emoved  f rom t h e  s t a r c h  s u r f a c e  

by e v a p o r a t i o n  u n d e r  an i n f r a r e d  l amp.  The c h a n n e l s  c o n -  

t a i n i n g  t h e  s t a r c h  t h e n  c o o l e d  t o  a b o u t  ÷10°C and t h e  sample  

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

A f t e r  f i l l i n g  t h e  s l l t  w l t h  a s m a l l  q u a n t i t y  o f  t h e  s t a r c h ,  

t h e  s t r i p s  were  s u b j e c t e d  t o  e l e c t r o p h o r e s t s  a t  600 V f o r  

2 . 5  h r s  a t  5°C u s i n g  b o r a t e  b u f f e r  / 0 . 3  M H3B03 ÷ 0 . 0 6  M 

Na0H; pH 8 . 5 / .  

P e r o x i d a s e  i s o z y m e s  were  l o c a t e d  by s p r a y i n g  t h e  

f r e s h l y  c u t  s u r f a c e  o f  a s t a r c h  e l e c t r o p h e r o g r s ~ n  w i t h  a 

m i x t u r e  o f  e q u a l  volumes  o f  b e n z i d l n e  s o l u t i o n  and 5~ H202 

/ A l v a r e z  and King 1 9 6 9 / .  

O t h e r  e l e c t r o p h e r o g r a m s  were  d i v i d e d  i n t o  1 cm segmen t s  

and p e r o x i d a s e  e l u t e d  f rom t h e  g e l  i n  t u b e s  w i t h  5 ml w a t e r  

f o r  12 h r s  i n  t h e  c o l d .  5 9 F e - r a d l o a c t i v i t y  o f  t h e s e  e l u a t e s  

was d e t e r m i n e d  w i t h  a l o w - b a c k g r o u n d  a n t i c o i n c i d e n c e  

G e i g e r - M ~ l l e r  c o u n t e r .  P e r o x i d a s e  a c t i v i t y  was d e t e r m i n e d  

by  t h e  method o f  B o y a r k i n  / 1 9 5 1 / .  

R e s u l t s .  

The e l e e t r o p h o r e t i c  s e p a r a t i o n  o f  p e r o x i d a s e  f rom 

e x t r a c t s  o f  pea  r o o t s  t r e a t e d  w i t h  IAA and o f  c o n t r o l s  i s  

p r e s e n t e d  i n  F i g .  1 .  

F i g .  1 .  E l e c t r o p h o r e t l e  s e p a r a t i o n  o f  p e r o x l d a s e  t s o z y m e s  

f rom c r u d e  e x t r a c t s  o f  p e a  r o o t s .  
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F o l l o w i n g  e l e c t r e p h o r e s i s ,  t h r e e  f r a c t i o n s  o f  p e r o x i -  

da s e  c o u l d  be o b s e r v e d :  n e u t r a l  / " 0 " / ,  c a t h o d i c  / " C " / ,  and 

a n o d i c  / " A " / .  No q u a l i t a t i v e  d i f f e r e n c e s  c o u l d  be o b s e r v e d  

b e t w e e n  t h e  t r e a t e d  and t h e  c o n t r o l  p l a n t s .  The e l e c t r o -  

p h o r e t i c a l  m o b i l i t i e s  f o r  p a r t i c u l a r  f r a c t i o n s  were  r e s p e c -  

t i v e l y :  "0" - 0 cmv-lhr -I 

"C" - -0.002 cmV- lhr -i 

"A" - +0.004 omV-lhr "I . 

Places on the electropherograms indicating peroxldase 

a c t i v i t y  have  a l ways  i n d i c a t e d  59Fe r a d i o a c t i v i t y  and 

v i c e  v e r s a °  F r a c t i o n  "C" had t h e  h i g h e s t  p e r o x i d a s e  a c t i v i t y .  

The d i s t r i b u t i o n  o f  59Fe r a d i o a c t i v i t y  on t h e  e l e c t r o -  

p h e r o g r a m s  i s  p r e s e n t e d  i n  F i g .  2.  F r a c t i o n  "C" had  a h i g h e r  

a c t i v i t y  t h a n  f r a c t i o n  "0"  o r  "A" .  The i n c o r p o r a t i o n  o f  

5gFe i n t o  f r a c t i o n  "C" was h i g h e r  f o r  t h e  I A A - t r e a t e d  

t i s s u e s  t h a n  f o r  t h e  c o n t r o l ,  b e i n g  r e s p e c t i v e l y  g.o@~ and 

5 .96~  o f  t h e  a c t i v i t y  p r e s e n t  i n  t h e  p e a  r o o t s .  T h i s  i n d i c a -  

t e s  t h a t  t h e  b i o s y n t h e s i s  o f  i sozyme  "C" i n  t h e  p r e s e n c e  

o f  IAA i s  g r e a t e r  t h a n  i n  t h e  c o n t r o l  and t h i s  i s  c o r r e l a t e d  

8 

~6 7 

5 

~6 4 

c 

->" 2 > 

n-- 

-5 -4 -5 -2 -1 
" C "  

'7 Conlrol 

l IAA treated 

[ - ' ~  r - " ~  ~ ~ ~ [ - ~  I I 
0 +1 +2 +5 +4 +5 +6 +7 

"0" "A" 

Distance from start in cm 

F i g ,  2 ,  D i s t r i b u t i o n  o f  r a d i o a c t i v i t y  o f  59Fe on e l e c t r o -  

p h e r o g r a m s  / a v e r a g e s  o~ f o u r  r e p l i c a t e s / .  
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w i t h  a h i g h e r  p e r o x i d a s e  a c t i v i t y  o f  t h i s  i s o z y m e  i n  t r e a t e d  

t i s s u e s  a s  c o m p a r e d  t o  c o n t r o l s  / F i g .  3 / .  The r a d i o a c t i v i t y  

o f  t h e  n e u t r a l  f r a c t i o n  " 0 "  / F i g .  2 /  was  a l s o  h i g h e r  i n  t h e  

10-  

9 - 

8 -  

o_ 

->'5- 

in 

~ 3 -  

2 - 

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 
'C" "0 . . . .  A" 

Distance from slort in cm 

F i g .  3 .  D i s t r i b u t i o n  o f  p e r o x i d a s e  a c t i v i t y  on e l e c t r o p h e -  

r o g r a m s  / a v e r ~ e s  o f  f o u r  r e p l i c a t e s / .  

t r e a t e d  t i s s u e s  t h a n  i n  c o n t r o l s  b u t  t h i s  c a n n o t  b e  c o n s i -  

d e r e d  a s  b e i n g  r e a l  due  t o  t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n  

o f  t h i s  f r a c t i o n  w i t h  59Fe a s  59Fe /Ot~ /3  w h i c h ,  i n  s m a l l  

q u a n t i t i e s ,  may move i n t o  s o l u t i o n .  The l i k e l i h o o d  o f  t h i s  

d i f f e r e n c e s  b e i n g  an  a r t i f a c t  i s  i n c r e a s e d  b y  t h e  o b s e r v a t i o n  

t h a t  t h e r e  w a s  no d i f f e r e n c e  i n  p e r o x l d a s e  " 0 "  a c t i v i t y  

b e t w e e n  t h e  t r e a t e d  t i s s u e s  a n d  t h e  c o n t r o l s .  I n  t h e  c a s e  

o f  l s o z y m e  " A " ,  no d i f f e r e n c e s  e i t h e r  i n  r a d i o a c t i v i t y  

/ F i g .  2 /  n o r  p e r o x i d a s e  a c t i v i t y  / F i g ,  3 /  w e r e  o b s e r v e d  

due  t o  IAA t r e a t m e n t .  

The p e r o x i d a s e  a c t i v i t y  o f  e x t r a c t s  o f  I A A - t r e a t e d  

t i s s u e s  was  h i g h e r  t h a n  t h a t  o f  c o n t r o l s ,  b e i n g  r e s p e c t i v e l y  

1 4 , 1  a n d  i l . 3  u n i t s  p e r  n~ p r o t e i n °  
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t ga  I = 21747 

tcjc~2 : 1 . 4 2 8  

F i g ,  4 .  I n d o l e a c e t i c  a c i d  o x l d a s e  a c t i v i t y  o f  e x t r a c t s  f r o m  

p e a  r o o t s  / s e e  t e x t / .  

The i n d o l e a c e t l c  a c i d  o x t d a s e  a c t i v i t i e s  o f  c o n t r o l  

and  I A A - t r e a t e d  t i s s u e s  a r e  p r e s e n t e d  on F i g ,  4 .  A c t i v i t i e s  

a r e  e x p r e s s e d  a s  t h e  t a n g e n t  o f  t h e  a n g l e  o f  s l o p e  o f  t h e  

c u r v e s  f o r  t h e  d e s t r u c t i o n  o f  IAA i n  t h e  i n c u b a t i o n  s y s t e m .  

The a c t i v i t y  f o r  t i s s u e s  t r e a t e d  w i t h  I A A w a s  a b o u t  t w i c e  

t h a t  o f  t h e  u n t r e a t e d  t i s s u e s  b e i n g  2 . 7 5  and  i . 4 3  r e s p e c t i -  

v e l y .  

D i s e u s s i o n .  

T h e r e  a r e  many r e p o r t s  i n  t h e  l i t e r a t u r e  o f  t h e  s e p a r a -  

t i o n  o f  p r o t e i n s  and p e r o x l d a s e  on  s t a r c h  o r  p o l y a e r y l a m i d e  

g e l s  u s i n g  e l e c t r o p h o r e s l s  / H a m l l  and B r e w b a k e r  1969~  

S a r g e n t  1969  t A l v a r e z  1 9 6 8 / o  H o w e v e r  i t  I s  d l f f l o u l t  t o  

d e t e r m i n e  q u v n t i t a t i v e l y  t h e  a c t i v i t y  o f  p a r t i c u l a r  i s o z y m e s  
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by t h i s  method due to  i n a c c u r a c i e s  i n  t he  a p p l i c a t i o n  o f  

t h e  sample t o  t h e  g e l  and d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t he  

e l u t i o n  o f  t he  i sozymes  f rom t h e  g e l .  The method employed 

i n  t he  c u r r e n t  i n v e s t i g a t i o n  has  numerous a d v a n t a g e s  over  

t h e s e  p r e v i o u s  m e t h o d s .  

1 /  I n o r g a n i c  59Fe p r e s e n t  i n  t h e  t i s s u e  f o l l o w i n g  l n f l l -  

t ~ , a t i o n ,  i s  - u n d e r  t he  c o n d i t i o n s  u s e d  / b u f f e r  pH 8~,5/ - 

i n  t h e  form o f  59Fe/OH/3,  which  r e m a i n s  on t h e  o r i g i n  d u r i n g  

e l e c t r o p h o r e s i s  and i s  n o t  a p p r e c i a b l y  e l u t e d  f rom the  

s t a r c h  w i t h  w a t e r ,  t h u s  e n a b l i n g  s e p a r a t i o n  o f  i n o r g a n i c  

59Fe f rom 59Fe i n c o r p o r a t e d  i n t o  p e r o x l d a s e  l sozymeso  

2/  P e r o x i d a s e  i sozymes  a r e  r e a d i l y  e x t r a c t a b l e  q u a n t i -  

t a t i v e l y  from t h e  s t a r c h ,  

3 /  The h i g h  w a t e r - h o l d i n g  c a p a c i t y  o f  s t a r c h  p r e p a r e d  

i n  t h i e  way,  e n a b l e s  t h e  use  o f  l a r g e  sample volumes 

/ a b o u t  O.2 m l / .  

Acco rd ing  to  many a u t h o r s ,  t h e  e n z y m a t i c  s y s t e m  t e rmed  

a u x i n o x i d a s e  i n c l u d e s  p e r o x i d a s e s  / S i e g e l  and G a l s t o n  1967, 

r e v i e w  by P i l e t  and Gaspar  1968~ A l v a r e z  and King i 9 6 g /  

I t  i s  l i k e l y  t h a t  i t  i s  one p a r t i c u l a r  p e r o x i d a s e  l sozyme 

which  has  a h i g h  a b i l i t y  t o  d e s t r o y  l A A / M a c n i e o l  1 9 6 6 / .  

I n  s e v e r a l  p u b l i c a t i o n s  i t  has  been  i n d i c a t e d  t h a t  p e r o x l -  

dase  a c t i v i t y  i s  i n c r e a s e d  by t h e  t r e a t m e n t  o f  p l a n t s  

w i t h  IAA / S i e g e l  and G a l s t o n  1967, P o l e v o y  and S t r o g a n o v a  

1968, Lavee and G a l s t o n  1968, A l v a r e z  and King 1 9 6 9 / .  

Macn ico l  / 1 9 6 6 /  i n v e s t i g a t e d  t h e  d i s t r i b u t i o n  o f  p e r o x i -  

dase  i sozymes  i n  pea  p l a n t s .  The a u x i n o x i d a s e  a c t i v i t y  o f  

one p a r t i c u l a r  t sozyme / i s o z y m e  C3/ ,  i s o l a t e d  f rom the  

r o o t s  o f  p e a s ,  was much h i g h e r  t h a n  t h a t  o f  o t h e r  l s o z y m e s ,  

i s o l a t e d  from a e r i a l  p a r t s  o f  t he  p l a n t .  

I n  t h e  p r e s e n t  s t u d y ,  i t  was f o u n d  t h a t  t h e  i n t e n s i t y  

o f  b i o s y n t h e s i s  and p e r o x i d a s e  a c t i v i t y  o f  i sozyme "C" was 

h i g h e r  t h a n  f o r  o t h e r  l sozymes  and ,  m o r e o v e r ,  t h a t  unde r  

t h e  i n f l u e n c e  o f  IAA t h e  i n t e n s i t y  o f  b i o s y n t h e s i s  and 

p e r o x i d a s e  a c t i v i t y  i n c r e a s e d  i n  r e l a t i o n  to  c o n t r o l s .  

The i n d o l e a c e t i c  a c i d  o x i d a s e  a c t i v i t y  o f  e x t r a c t  f rom 

t i s s u e s  t r e a t e d  w i t h  I A A w a s  a l s o  h i g h e r  t h a n  i n  c o n t r o l s .  

Hence,  unde r  t he  i n f l u e n c e  o f  IAA t r e a t m e n t ,  t h e  b i o -  

s y n t h e s i s  o f  some p e r o x i d a s e i s o z y m e s  i s  i n t e n s i f i e d  and 

t h i s  i s  i n  ag reemen t  w i t h  t h e  s u g g e s t i o n  made by G a l s t o n  

18 
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and Dalberg  / 1954 /  and P l l e t  / 1964 /  t h a t  t h l s  may be an 
a d a p t l v e  enzyme. 

Under the  I n f l u e n c e  of  IAA t r e a t m e n t ,  the  p h y s i o l o g i c a l  

e q u i l i b r i u m  between IAA and a u x l n o x l d a s e ,  whlch l s  c h a r a c t e -  

r i s t i c  f o r  the  p a r t i c u l a r  t i s s u e  and the  p a r t i c u l a r  c o n d l -  

t lons~  i s  p robab ly  d i s t u r b e d  by the  exogenous IAAo Thls 

r e s u l t s  In  a h i g h e r  t u r n o v e r  o f  c e r t a l n  p e r o x l d a s e  f r a c t i o n s  

connec t ed  w i t h  the  l n d o l e a o e t l c  a c l d  ox ldase  sys tem.  

A c k n o w l e d g m e n t s .  
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