
CHAPTER 4

D i s c u s  i o n

4 . 1  A n t i s e r a  p r e p a r a t i o n

To e n s u r e  t h a t  t h e  a n t i s e r a  a g a i n s t  K l e b s i e l l a , 

R15 and R17, and A z o s p i r i l l u m , R25 w i l l  n o t  be  

c o n t a m i n a t e d  w i t h  a n t i b o d i e s  a g a i n s t  c o n s t i t u e n t s  o f  

y e a s t  e x t r a c t ,  t r y p t o n e  and o t h e r  p r o t e i n  a n t i g e n s ,  

c e l l s  were  grown i n  d e f i n e d  NF medium. C e l l s  s u s p e n s i o n  

were  h e a t e d  t o  d e s t r o y  t h e  f l a g e l l a r  a n t i g e n s

( D a v i e s , 1951; W o f f  and  B e r k e r ,  1 9 6 8 ) ,  s o  t h a t  o n l y  

s o m a t i c  a n t i g e n  s h o u l d  be  o b t a i n e d .

In most s e r o l o g i c a l  s t u d i e s  w i t h  o t h e r  

a s s o c i a t i v e  N2- f i x i n g  b a c t e r i a ,  f o r  e x a m p le  A z o t o b a c t e r  

s p p . ,  c u l t u r e s  were  grown i n  d e f i n e d  medium ( J e n s e n  and  

P e t e r s o n ,  1955;  N o r r i s ,  1960;  Holme and Z a c h a r i e s ,  1965;  

Z a r n e a  e t  a l . , 1966;  T c h a n  and de  v i l l e ,  1 9 7 0 ) .  H o w e v e r ,  

D a z z o  and M i la m  (1975) im m u n iz e d  g o a t s  w i t h  A z o s p i r i 1 lum 

l i p o f e r u m  and A z o t o b a c t e r  p a s p a l i  grown i n  a t r y p t i c a s e  

s o y  b r o t h  w i t h o u t  t h e  medium c a u s i n g  any  a p p a r e n t  

i n t e r f e r e n c e  when t h e  a n t i s e r a  were  u s e d  i n

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

R a b b i t s  were  u s e d  f o r  a n t i s e r a  p r o d u c t i o n  

a g a i n s t  R15 ,  R17 and R25 b e c a u s e  t h e y  a r e  e a s y  t o

o b t a i n ,  i n e x p e n s i v e ,  and g i v i n g  h i g h  a n t i b o d y  t i t e r s  

p r o d u c t i o n .  H o w e v e r ,  t h e  h i g h e s t  a g g l u t i n a t i o n  t i t e r  o f  

1 : 1 , 6 0 0 ,  1 : 2 , 4 0 0  and 1 : 3 , 2 0 0  w ere  o b t a i n e d  i n  o n l y  one

r a b b i t  o u t  o f  2 -4  r a b b i t s  im m u n iz e d  f o r  R15 ,  R17 and

R25, r e s p e c t i v e l y .  T h i s  r e s u l t  c o r r e s p o n d s  t o  p r e v i o u s  

r e p o r t s  ( C h a s e ,  1967; K i s h i n e v s k y  and G o r f e l ,  1980)  

s h o w in g  t h a t  i n d i v i d u a l  a n i m a l  may d i f f e r  i n  t h e i r  

r e s p o n s e  t o  i d e n t i c a l  i n j e c t i o n s  o f  t h e  same a n t i g e n s .

4 . 2  D e v e l o p m e n t  o f  c o m p e t i t i v e  I N D - E L I S A  t e c h n i q u e

T h e  E L I S A  t e c h n i q u e s  a r e  b a s e d  on t h e  a d s o r p t i o n  o f  

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

p l a t e ,  and t h i s  a d s o r p t i o n  i s  a m a j o r  f a c t o r  g o v e r n i n g  

s e n s i t i v i t y  and p r e c i s i o n  o f  t h e  a s s a y .  P e r c e  e t  a l .  

, 1 9 7 7  and V o i l e r  e t  a l . , 1979 r e p o r t e d  t h a t  t h e  

n o n - s p e c i f i c  a d s o r p t i o n  o f  a n t i g e n  t o  t h e  p l a s t i c  

s u r f a c e  s h o u l d  be h y d r o p h o b i c  i n t e r a c t i o n s  b e tw ee n  

p r o t e i n s  and t h e  p o l y s t y r e n e  s u r f a c e .  Ahmad e t  a l . ,  1981

and  K i s h i n e v s k y  and Maoz,  1983 s u c c e s s f u l l y  u s e d  p l a s t i c
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m i c r o t i t e r  p l a t e s  ( D y n a t e c h  M 129A) t o  p a s s i v e l y  a d s o r p  

t h e  r h i z o b i a l  a n t i g e n s  t o  t h e  p l a t e  w e l l s ,  w h e r e a s  O l s e n  

and R i c e ,  1984 f a i l e d  t o  a t t a c h  s t e a m e d  R. m e l i l o t i  a l l  

t o  Immunlon2 ( D y n a t e c h )  m i c r o t i t e r  p l a t e s  by p a s s i v e  

a d s o r p t i o n .  To  a c h i e v e  a f i l m  a t t a c h m e n t  o f  t e s t  

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

n e c e s s a r y  t o  e v a p o r a t e  r h i z o b i a l  c e l l  s u s p e n s i o n s  i n  t h e  

p l a t e  w e l l s  a t  8 5 ° c .  Fuhrmann and Wol lum  I I ,  1985 a l s o  

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

a n a l y s i s  w i t h  E L I S A  m e t h o d s .  T h e  p a s s i v e  a d s o r p t i o n  o f  

a n t i g e n s  t o  m i c r o t i t e r  p l a t e  w e l l s  t h u s  d e p e n d s  on b o t h  

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

m a t e r i a l  p l a t e .

In  t h i s  t h e s i s ,  C O M -I N D - E L I S A  h a v e  b e e n  

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

b i n d i n g  o f  a n t i g e n s ,  f o r  i d e n t i f i c a t i o n  and e s p e c i a l l y  

f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  R15 ,  R17 a n d  R25 

s t r a i n s .  The  s u i t a b l e  c o n c e n t r a t i o n s  o f  a n t i g e n :  R 15 ,  

R17 and R25 ( 6 . 7 5 X 1 0 7 , 3 . 3 8 X 1 0 7 and 1 . 6 9 x l 0 7 c e l l s / m l  

r e s p e c t i v e l y )  w ere  c o a t e d  t o  e a c h  w e l l  w h e r e a s  t h e  

t e s t e d  a n t i g e n  was m ix e d  w i t h  t h e  a n t i s e r a .  B e c a u s e ,  t h e  

a d s o r p t i o n  o f  a n t i g e n s  t o  s o l i d  s u p p o r t  i s  a p a s s i v e

p r o c e s s ,  a n t i g e n  c o a t i n g  were  p e r f o r m e d  f o r  o v e r n i g h t
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a t  5 ° c .  T h i s  s e l e c t e d  i n c u b a t i o n  p e r i o d  was s u p p o r t e d  by  

Asanuma e t  a l . ,  ( 1985) who d e t e c t e d  t h e  n o d u l e  a n t i g e n s  

o f  R h i z o b i u m  by I N D - E L I S A  and showed t h a t  t h e  h i g h e s t  

a b s o r b a n c e  o c c u r e d  a t  i n c u b a t i o n  p e r i o d  o f  8 h ,  

r e g a r d l e s s  o f  t h e  t e m p e r a t u r e .  V o i l e r  e t  a l .  1973 ;  M aat 

and  De B o k x ,  1978 a l s o  recommended t h a t  t h e  i n c u b a t i o n  

p e r i o d  i n  t h e  c o a t i n g  s t e p  s h o u l d  be  o v e r n i g h t  a t  4 ° c .  

T h e  opt im um t i t e r  o f  t h e  f i r s t  a n t i b o d y  ( a n t i - R 1 5 ,  R17 

and R25) were  1 : 2 5 , 6 0 0 ,  1 : 2 5 , 6 0 0  and  1 : 5 1 , 2 0 0 ,  

r e s p e c t i v e l y ,  and t h e  s e c o n d  a n t i b o d y  ( c o n j u g a t e )  

d i l u t i o n  o f  1 : 1 , 5 0 0  p r o v i d e d  t h e  b e s t  r e s u l t s .  The  

i n c u b a t i o n  t i m e  o f  e a c h  s t e p  i s  an i n t e r e s t i n g  f a c t o r .  

In  o u r  e x p e r i m e n t ,  t h e  s u i t a b l e  i n c u b a t i o n  p e r i o d  f o r  

t h e  f i r s t  a n t i b o d y  was l h  a t  3 0 ° c ,  t h e  c o n j u g a t e  was 3h 

a t  3 7 ° c  and t h e  s u b s t r a t e  i n  e n z y m a t i c  r e a c t i o n  was 50 

min a t  room t e m p e r a t u r e .  H o w e v e r ,  t h e  d i f f e r e n t  

c o n d i t i o n s  on I N D - E L I S A  were  o b s e r v e d  i n  v a r i o u s  t y p e s  

o f  E L I S A  e x p e r i m e n t s .  The  a p p r o p r i a t e  c o n d i t i o n s  o f  

I N D - E L I S A  f o r  N2- f i x i n g  Pseu d o m o n a s  s t r a i n  H8 r e p o r t e d  

by  B a r r a q u i o  e t  a l . ,  1986 w ere  109 c e l l s / m l  o f  t h e  

c o a t i n g  a n t i g e n s ,  w i t h  s u i t a b l e  i n c u b a t i o n  t i m e  o f  16-18  

h a t  4 - 6 ° C  f o r  a n t i g e n  c o a t i n g ,  4h 3 7 ° c  f o r  a n t i s e r a  

i n c u b a t i o n ,  3h 3 7 ° c  f o r  c o n j u g a t e  i n c u b a t i o n .  Fuhrm ann

and  W ol lum  II 1985 r e p o r t e d  t h a t  t h e  p a r t i c u l a r
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i n c u b a t i o n s  u s e d  f o r  t h e  a n a l y t i c a l  s e l e c t i v i t y  o f  R.  

j a p o n i c u m  were  as  f o l l o w s :  a n t i g e n  c o a t i n g ,  l h  a t  3 7 ° C ;  

a n t i - R h i z o b i u m , l h  a t  2 8 ° C ;  c o n j u g a t e  1 : 1 , 5 0 0  d i l u t i o n ,  

o v e r n i g h t  a t  5 ° C ;  and  s u b s t r a t e ,  50 min a t  room 

t e m p e r a t u r e .  T a x o n o m i c  a n a l y s i s  o f  S t r e p t o m y c e s  by  

I N D - E L I S A  was r e p o r t d  by  K i r  and R y b i c k i ,  1986 i n  w h i c h  

a n t i g e n  c o a t i n g  was 2h a t  3 7 ° C ;  a n t i s e r a  1 :1 0 0  d i l u t i o n ,  

l h  a t  3 7 ° C ;  c o n j u g a t e  1 : 1 , 0 0 0  d i l u t i o n ,  l h  a t  3 7 ° C ;  and  

s u b s t r a t e ,  l h  a t  room t e m p e r a t u r e .

The  d e v e l o p e d  C O M -IN D - E L I S A  m e t h o d s ,  r e s u l t  i n  

t h e  s e n s i t i v i t y  i n  t h e  o r d e r  o f  1 . 9 5 x 1 0 e c e l l s / m l  o f  t h e  

s o l u b l e  t e s t  a n t i g e n s  ( T a b l e  3 . 7  a - c ) . T h e  a c c u r a c y  

o b s e r v e d  as  t h e  p e r  c e n t  r e c o v e r y  o f  90-120% were  

o b t a i n e d  f o r  a n t i - R 1 5  and R17, w h e r e a s  t h e  b e t t e r  v a l u e s  

o f  95-110% were  o b t a i n e d  f o r  R25 .  C O M - I N D - E L I S A  i s  h e n c e  

a r e l i a b l e  m ethod f o r  q u a n t i t a t i o n  o f  t h e  c e l l  num ber i n  

e c o l o g i c a l  s t u d y .  M o r e o v e r ,  t h e  i n t r a - a s s a y  p r e c i s i o n  i n  

t h e  r a n g e  o f  3-10%CV and i n t e r - a s s a y  p r e c i s i o n  i n  t h e  

ra n g e  o f  3-15%CV w ere  i n  t h e  a c c e p t a b l e  r a n g e  

recommended by W a l l  e t  a l . , ( 1 9 7 7 ) .

The  C O M -I N D - E L I S A  d e v e l o p e d  i n  t h i s  t h e s i s  

r e q u i r e d  c a .  2x10* b a c t e r i a l  c e l l s / m l ,  f o r  t h e  d e t e c t i o n
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o f  h i g h l y  s i g n i f i c a n t  p o s i t i v e  r e a c t i o n  w h e r e a s  a s  low  

as  10* t o  105 c e l l s / m l  o f  r h i z o b i a  c o u l d  be  d e t e c t e d  by  

d o u b l e - a n t i b o d y  s a n d w i c h  E L I S A  ( K i s h i n e v s k y  and  

B a r - j o s e p h ,  1978; K i s h i n e v s k y  a n d  G u r f e l ,  1 9 8 0 ) .  

M o r e o v e r ,  a m o d i f i e d  E L I S A  c o u l d  d e t e c t  10 3 t o  10* 

r h i z o b i a  c e l l s / m l  i n  r h i z o b i a  b o t h  p u r e  c u l t u r e  and i n  

n o d u l e s  ( M o r l e y  and J o n e s ,  1980;  K i s h i n e v s k y  and  Maoz,  

1983; M a r t e n s s o n  e t  a l . ,  1 9 8 4 ) .  H o w e v e r ,  Asanuma e t  a l ,  

1985 r e p o r t e d  t h e  same o r d e r  o f  s e n s i t i v i t y  t o  t h i s  work  

t h a t  r h i z o b i a  a n t i g e n s  c o u l d  be d e t e c t e d  a t  t h e  

c o n c e n t r a t i o n  o f  10° t o  107 c e l l s / m l .  T h e  lo w e r  

s e n s i t i v i t y  o f  w h i c h  p o s i t i v e  r e a c t i o n  by  I N D - E L I S A  was 

o b s e r v e d  o n l y  a t  107 c e l l s / m l  o f  P se u d o m o n a s  H8 was 

a l s o  r e p o r t e d  by  B a r r a q u i o  e t  a l . ,  1986.

4 . 3  D e t e c t i o n  and i d e n t i f i c a t i o n  o f  b a c t e r i a ,  R15 ,  R17 

and R25 by  i m m u n o f l u o r e s c e n c e  and  c o m p e t i t i v e  i n d i r e c t  

E L I S A  t e c h n i q u e s

T h e  a n t i s e r a  a g a i n s t  R 15 ,  R17 and  R25 w e re  u s e d  

as  t h e  f i r s t  a n t i b o d i e s  w h e r a s  t h e  c o m m e r c i a l  F I T C  

c o n j u g a t e d  g o a t  a n t i - r a b b i t  i m m u n o g l o b u l i n  was u s e d  as  

t h e  s e c o n d  a n t ib o d y  in  b o t h  t h e  IN D - F A  and

t h e C O M - I N D - E L I S A  t e c h n i q u e s .  T h e  s u i t a b l e  t i t e r  o f  e a c h
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a n t i s e r u m  ( a n t i - R 1 5 ,  a n t i - R 1 7  and a n t i - R 2 5 )  f o r  IN D -FA  

t e s t  was 1 :1 0 0  w h e r e a s  t h e  t i t e r  f o r  C O M - I N D - E L I S A  were  

1 : 2 5 , 6 0 0 ,  1 : 2 5 , 6 0 0  and  1 : 5 1 , 2 0 0 ,  r e s p e c t i v e l y .  The  

d i l u t i o n  o f  t h e  s e c o n d  a n t i b o d y  was 1 :1 0  f o r  IN D - F A  b u t  

1 : 1 , 5 0 0  f o r  C O M - I N D - E L I S A .  K i e l o  e t  a l . ,  1986 u s e d  a 

d i l u t i o n  o f  1 :1 0  o f  a n t i - t y p e - 1 - F I T C  c o n j u g a t e  (S ig m a )  

i n  a d h e s i o n  a s s a y  o f  K.  p n e u m o n ia e  t o  p l a n t  r o o t s  by  

d i r e c t  F A ,  w h e r e a s  t h e  F I T C - l a b e l e d  g o a t  a n t i - r a b b i t  

i m m u n o g l o b u l i n s  (Medac)  was d i l u t e d  1 :2 5  t o  d e t e c t  

d i a z o t r o p h i c  r o d s  i n  t h e  r o o t  o f  g r a s s  by  IN D -FA  

( B a r b a r a  e t  a l . ,  1 9 8 6 ) .  The  a l k a l i n e  p h o s p h a t a s e  

c o n j u g a t e d  t o  g o a t  a n t i - r a b b i t  IgG ( M i l e s  L a b o r a t o r i e s  

o r  S ig ma)  was u s e d  a t  1 : 5 0 0  o r  1 : 8 0 0  d i l u t i o n s  f o r  

I N D - E L I S A  o f  P seudom onas  H8 w h i c h  w ere  r e p o r t e d  by  

B a r r a q u i o  e t  a l . ,  1986. K i r b y  and R y b i c k i ,  1986 u s e d  

g o a t  a n t i - r a b b i t  a n t ib o d y  c o n j u g a t e d  t o  a l k a l i n e  

p h o s p h a t a s e  ( M i l e s  Y eda)  a t  a d i l u t i o n  1 : 1 , 0 0 0  f o r  

taxon om y a n a l y s i s  o f  S t r e p t o m y c e s  and  r e l a t e d  o r g a n i s m s  

by I N D - E L I S A .

C o n c e r n i n g  t h e  s p e c i f i c i t y ,  a n t i s e r a  R15 a n d  R17 

showed s i g n i f i c a n t  c r o s s - r e a c t i o n  o n l y  w i t h  K l e b s i e l l a  

o x y t o c a  NG13 (26-28% ),  b u t  no c r o s s - r e a c t i o n  w i t h

K l e b s i e l l a  p n e u m o n ia e  M 5a l  w h i c h  i s  t h e  f r e e - l i v i n g
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N2- f i x e r  o f  t h e  same G e n u s .  T h e s e  s e r o l o g i c a l  s t u d i e s  

i n d i c a t e  v e r y  c l o s e  r e l a t i o n s h i p  among r h i z o b a c t e r i a  

w h i c h  ca n  be d i s t i n g u i s h e d  f ro m  t h e  f r e e - l i v i n g  s p e c i e s .  

T h u s ,  R15 and  R17 a r e  K l e b s i e l l a - 1 i k e  s t r a i n s ,  n o t  t h e  

p n e u m o n ia e  v a r i e n t ,  b a s e d  on t h e i r  s e r o l o g i c a l  

p r o p e r t i e s .  T h i s  m ethod  c a n n o t  d i s t i n g u i s h  R15 f ro m  R17 

b e c a u s e  a n t i - R 1 5  showed a b o u t  96-98% c r o s s - r e a c t i o n  w i t h  

R17 and v i c e  v e r s a .  A n t i s e r u m  a g a i n s t  R25 showed no  

c r o s s - r e a c t i o n  w i t h  e i t h e r  R15 o r  R17 b u t  showed very- 

s t r o n g  (100%) c r o s s - r e a c t i o n  w i t h  A z o s p i r i 1 lum 1 i p o f e r u m  

s t r a i n s  FS and 34H. From i t s  s e r o l o g i c a l  p r o p e r t i e s ,  R25 

i s  an A z o s p i r i 1 lum 1 i p o f  erum s t r a i n .  T h e s e  s e r o l o g i c a l  

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

b a c t e r i a  by  c h e m i c a l  means (mol% G+C c o n t e n t ,  DNA 

s e q u e n c e  h o m o lo g y  and f a t t y  a c i d  c o m p o s i t i o n )  r e p o r t e d  

by  B o o n j a w a t  e t  a l . ,  1986. T h e  f i n d i n g  c o n c l u d e d  t h a t  

R15 and R17 a r e  v e r y  c l o s e l y  r e l a t e d  s t r a i n s  by a l l  

m eans e x c e p t  f o r  t h e  f a t t y  a c i d  c o m p o s i t i o n .

T h e  r e s u l t s  f ro m  t h i s  s t u d y  s u g g e s t  t h a t  t h e  

s e r o l o g i c a l  p r o p e r t i e s  a s s a y e d  by  IN D - F A  and E L I S A  

r e a c t i o n s  w i t h  K l e b s i e l l a  a n d  A z o s p i r i 1 lum a r e  

g e n u s s p e c i f i c . S p e c i e s  s p e c i f i c i t y  o f  IN D -FA  r e a c t i o n

h a s  a l s o  b e e n  r e p o r t e d  by  D e - P o  l i  e t  a l . (1980)  i n
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A z o s p i r i 1 lum s p e c i e s  b e lo n g in g  t o  d i f f e r e n t  h o s t - p l a n t  

s p e c i f i c i t y  g roups ,  and by Ladha e t  a l . (1982) in  A. 

1 ipo fe rum and A . b r a s i l e n s e  a s s o c i a t e d  w i t h  w e t land  r i c e .  

On the  c o n t r a r y ,  s t r a i n  s p e c i f i c i t y  o f  ELISA has been 

r e p o r t e d  by B e rg e r  e t  a l . ,  1979, where t h r e e  s t r a i n s  o f  

Rh izob ium  in  c u l t u r e  and from nodu le s  o f  l e n t i l s  were 

used as a n t i g e n s .  S t r a i n - s p e c i f i c  ELISA f o r  

i d e n t i f i c a t i o n  o f  Rh izob ium  spp.  in  c u l t u r e  and from 

r o o t s  nodu le s  has a l s o  been r e p o r t e d  by K i s h i n e v s k y  and 

B a r - J o s ep h ,  1978; M o r le y  and Jones  (1980) ; O lsen  e t  a l  

(1982) and Fuhrmann and Wollum I I  (1985) .  However, two 

c l o s e l y  r e l a t e d  s t r a i n s  o f  R . l u p i n i  and o f  R. t r i f o l i i  

c o u ld  not  be d i s t i n g u i s h e d  a g g l u t i n a t i o n  and ELISA t e s t  

( K i s h in e v s k y  and G u r f e l ,  1980).  They a l s o  found  n e g a t i v e  

ELISA r e a c t i o n  in  two s t r a i n s  o f  R . leguminosarum 

in cu b a te d  w i t h  t h e i r  homologous a n t i s e r a .

B a r r a q u io  e t  a l . ,  1986 r e p o r t e d  t h a t  48 from 563 

i s o l a t e s  o f  th e  r i c e  r o o t s  t e s t e d ,  were no t  

s e r o l o g i c a l l y  d i f f e r e n t  from Pseudomonas H8 . S t r a i n s  

wh ich  were s i g n i f i c a n t l y  d i f f e r e n t  from P. H8  

s e r o l o g i c a l  were bo th  s i m i l a r  and d i f f e r e n t  t o  P.  H8  i n  

c u l t u r a l  c h a r a c t e r i s t i c s  and a c e t y l e n e  r e d u c t i o n

a c t i v i t y .  One i s o l a t e  wh ich  was c r o s s - r e a c t i v e  w i t h  p.
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H8  d i d  no t  have Nz ~ f i x i n g  a c t i v i t y .

I n c r e a s e d  s p e c i f i c i t y  o f  IND-FA r e a c t i o n s  were 

found when hea ted  c e l l  a n t i g e n s  were used.  Heat 

t r e a tm e n t  have reduced  th e  a g g l u t i n a b i l i t y  o f  the  

a n t i g e n s  as r e p o r t e d  in  A z o s p i r i 1 lum by Ladha e t  a l .  

(1982) and Rh izob ium  by Means and Johnson  (1968) .  These 

phenomena a re  p resumab ly  due t o  th e  d e s t r u c t i o n  o f  

common f l a g e l l a r  a n t ig e n  (D a v i s ,  1951; Wo l f  and B e r k e r ,  

1968).

The env i ronmen t  a l s o  a f f e c t s  s e r o l o g i c a l  

p r o p e r t i e s  as shown by s h i f t i n g  th e  c u l t u r e  medium from 

NF t o  RM, and a d d i t i o n  o f  NaCl c o n c e n t r a t i o n  i n t o  th e  

c u l t u r e  media .  when th e  r i c h  medium g r o w n - b a c t e r i a  

r e a c t e d  w i t h  i t s  homologous a n t i s e ru m  (p roduced  from 

a n t i g e n s  grown in  n i t r o g e n - f r e e  medium), l e s s  

s e n s i t i v i t y  has been ob se rved .  T h i s  r e s u l t  s u gg e s t s  t h a t  

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

c e l l s  m ight  change in  f e r t i l e  and n o n - f e r t i l e  

e n v i r o nm en ts ,  when th e se  b a c t e r i a  were exposed t o  s a l i n e  

env i r o nm en ts ,  such in  NF and RM medium c o n t a i n i n g  

v a r i o u s  c o n c e n t r a t i o n s  o f  NaC l ,  t h e y  can s u r v i v e  by

a d a p t in g  t h e i r  m e t a b o l i c  a c t i v i t y  and c e l l  w a l l
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s t r u c t u r e  r e s u l t i n g  in  m o rp h o lo g i c a l  change as ob se rved  

by im m uno f luo re scen t  t e c h n iq u e  ( F i g .  3 . 7 ) .  Moreover  th e  

s e n s i t i v i t y  o f  d e t e c t i o n  by IND-FA method de c re a s ed  in  

h ig h  s a l t  c o n c e n t r a t i o n  e s p e c i a l l y  i n  th e  NF medium 

(Tab le  3 . 4 ) .  Among t h e s e  t h r e e  s t r a i n s ,  R17 i s  the  b e s t  

s a l t  t o l e r a n t  s t r a i n  wh ich  c o r r e s po nd s  w i t h  i t s  o r i g i n  

o f  i s o l a t i o n  from Tap ra  in  Khonkaen P r o v i n c e  where 

s a l i n e  s o i l  i s  a s e r i o u s  p rob lem in  Summer. T h i s  r e s u l t  

su gge s t s  t h a t  e n v i r o n m e n ta l  f a c t o r s  such  as s o i l  

f e r t i l i t y  and s a l i n i t y  can a f f e c t  the  s e n s i t i v i t y  o f  

d e t e c t i o n  and s p e c i e s  i d e n t i f i c a t i o n  by IND-FA method. 

Ladha e t  a l .  (1982) r e p o r t e d  t h a t  s t a g e  o f  c u l t u r e  

a n t ig e n s  a l s o  a f f e c t e d  im m uno f lu o re s cen t  r e a c t i o n  o f  

A z o s p i r i 1lum. In c o n t r a t ,  Muyzer e t  a l .  (1987) r e p o r t e d  

t h a t  IND-FA r e a c t i o n s  o f  equa l  i n t e n s i t y  o c c u r r e d  w i t h  

a l l  the  c u l t u r e s  o f  T h i o b a c i 1 l u s  f e r r o o x i d a n s  grown in  

f i v e  d i f f e r e n t  ene rgy  s u b s t r a t e s .  Whether s e r o l o g i c a l  

method can be a p p l i e d  s u i t a b l y  w i t h  a b a c t e r i a l  s t r a i n  

a f t e r  i n o c u l a t i o n  i n  th e  f i e l d  depends on th e  s p e c i e s .

IND-FA was used i n  a d s o r p t i o n  and a s s o c i a t i o n  

s tud y  because t h i s  t e c h n iq u e  has t h e  p o t e n t i a l  o f  

d e t e c t i n g  and i d e n t i f y i n g  a s p e c i f i c  b a c t e r i a l  c e l l  

a n t ig e n  s im u l t a n e o u s l y .  Moreove r ,  t h i s  t e c h n iq u e  i s
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s t i l l  t he  o n l y  e f f e c t i v e  t e c h n iq u e  a v a i l a b l e  t h a t  

p r o v i d e s  th e  means o f  r e c o g n i z i n g  s p e c i f i c  m ic roo rgan ism  

d i r e c t l y  i n  t h e i r  n a t u r a l  e nv i r onm en t .  However, the  

n o n - s p e c i f i c  a d s o r p t i o n  o f  l a b e l l e d  a n t i s e r a  by r o o t  

t i s s u e  may i n t e r f e r e  w i t h  the  d e t e r m in a t i o n  o f  b a c t e r i a l  

c e l l  a n t ig e n s  by FA t e c h n iq u e ,  g e la t in -R h o d a m in e  g e l  was 

t h e r e f o r e  used t o  supp re ss  n o n - s p e c i f i c  a d s o r p t i o n  as 

d e s c r i b e d  by B o h lo o l  and Schm idt  (1968) .

Adhes ion  o f  R15, R17 and R25 on th e  r o o t - p i e c e s  

o f  8  r i c e  v a r i e t i e s  showed t h a t  l h  o f  i n c u b a t i o n  

p e r i o d ,  and a t  l e a s t  1 0 7  -  1 0 s c e l l s / m l  o f  b a c t e r i a  were 

r e q u i r e d .  S i m i l a r  r e s u l t s  were o b t a in e d  w i t h  lo nge r  

i n c u b a t i o n  t im e  (3h and 12h ) . T h i s  r e s u l t  showed t h a t  

b a c t e r i a l  a d s o r p t i o n  on the  r o o t  s u r f a c e  was v e r y  r a p i d  

and can be used t o  s c re en  f o r  c o m p a t i b l e  p a i r  o f  

p l a n t - b a c t e r i a l  i n t e r a c t i o n .  The f i n d i n g  comf irmed th e  

worked o f  L impananont  (1987) wh ich  r e p o r t e d  the  

i n o c u l a t i o n  o f  R15 and R17 ( 10 8  c e l l s )  i n  3 r i c e  

s e e d l i n g s  ( 7 - d a y - o l d )  grown in  5 ml s t e r i l e  d i s t i l l e d  

w a te r ,  and ob se rved  lo o s e  c l u s t e r  o f  b a c t e r i a  a f t e r  2  h

o f  i n c u b a t i o n .
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The r e s u l t s  i n  t h i s  s t u d y  show t h a t  IND-FA has 

th e  p o t e n t i a l  o f  d e t e c t i n g  and i d e n t i f y i n g  a s p e c i f i c  

Nz - f i x i n g  b a c t e r i a  s im u l t a n e o u s l y .  Fu the rm ore ,  t h i s  

t e c h n iq u e  i s  e f f e c t i v e  t o  r e c o g n i z e  the  s p e c i f i c  s p e c i e s  

d i r e c t l y  in  t h e i r  n a t u r a l  env i r onm en t .

S e v e r a l  advan tages  o f  the  p roposed  ELISA 

p ro cedu re  have a l r e a d y  been emphas ized .  The ELISA can 

p r o v id e  r a p i d  and s e n s i t i v e  i d e n t i f i c a t i o n  o f  

a s s o c i a t i v e  N2- f i x i n g  R15, R17 and R25. T h i s  t e c h n iq u e  

enab led  the  d e t e c t i o n  o f  the  t h r e e  s t r a i n s  in  

su sp en s io n s  c o n t a i n i n g  2x10e c e l l s / m l .  In com pa r ison  to  

o t h e r  im m uno log ic a l  method, th e  s u f f i c i e n t  c o n c e n t r a t i o n  

t o  ensu re  d e t e c t a b l e  bands in  immumodif fUS i o n  t e c h n iq u e  

was 10 9  - 5 x l 0 1 0  c e l l s / m l  (Dudman and B r o c k w e l l ,  1968; 

V in c e n t  1970), whereas 10 9  -  10 1 0  c e l l s / m l  a re  r e q u i r e d  

in  th e  a g g l u t i n a t i o n  t e s t s .  F u r th e rm o re ,  t h e  c o s t  o f  

t h e s e  deve loped  COM-IND-ELISA can be s i g n i f i c a n t l y  

reduced  by u s in g  s m a l l  amounts o f  c o n ju g a te ,  wh ich  was 

used a t  the  d i l u t i o n  o f  1 :1 ,500 ,  whereas t h e  c o n ju g a te  

d i l u t i o n  o f  1:500 o r  1:800 were used in  Pseudomonas spp. 

as r e p o r t e d  by B a r r a q u i o  e t  a l . ,  1986. The s i g n i f i c a n t  

advantage i s  a l s o  n o t i c e d  w i t h  IND-FA methods.  The use

o f  n o n f r a c t i o n a t e d  a n t i - R 1 5 ,  R17 and R25 a n t i s e r a
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e l im i n a t e s  the  t im e -con sum ing  p u r i f i c a t i o n  p ro cedu re  as 

r e p o r t e d  in  Rh izob ium  by Fuhrmann and Wollum I I ,  1985. 

Moreove r ,  u n l i k e  d i r e c t  ELISA wh ich  r e q u i r e s  s e p a ra te  

c o n ju g a te s  f o r  each a n t i s e ru m  used ( V o i l e r  e t  a l . ,  1980) 

, IND-ELISA p ro c edu re s  have the  b e n e f i t  from the  

a v a i l a b i l i t y  o f  u s in g  h i g h - q u a l i t y ,  c o m m e r c ia l l y  

p r e p a re d  c o n ju g a te d  a n t i - im m u n o g lo b u l i n s .

4 .4  A p p l i c a t i o n  o f  q u a n t i t a t i v e  COM-IND-ELISA t o  s e l e c t  

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

The c o l o n i z a t i o n  p o t e n t i a l ,  n i t r o g e n - f i x i n g  

p o t e n t i a l  and p l a n t  v i g o r  in dex  a re  t h e  3 c r i t e r i a  

wh ich  have been used in  t h i s  t h e s i s  t o  c l a s s i f y  the  

c o m p a t i b l e  p a i r  o f  p l a n t  and b a c t e r i a  i n t o  2  c a t a g o r i e s ;  

( 1 ) c o m p a t i b l e  p a i r  w i t h  h ig h  c o l o n i z a t i o n  p o t e n t i a l  

( 1 0 s -  1 0 9  c e l l s / g  d ry  wt. o f  r o o t )  t o g e t h e r  w i th  

a s s o c i a t i v e  N2- f i x a t i o n  (0 .28  -  111 umol C 2 H2/ g d ry  wt 

o f  r o o t )  and ne t  i n c r e a s e  i n  p l a n t  v i g o r  index  

(633 -2 ,558  cm.%), and (2) c o m p a t i b l e  p a i r  w i t h  

r e l a t i v e l y  lowe r  c o l o n i z a t i o n  p o t e n t i a l  ( 1 0 7  -  1 0 s 

c e l l s /  g d ry  wt o f  r o o t )  w i t h o u t  ne t  g a in  i n  a s s o c i a t i v e  

N2 - f i x a t i o n ,  bu t  s t i l l  g a in  p l a n t  v i g o r  in dex  above

c o n t r o l . The t h i r d  t y p e  o r  p o s s i b l y  th e  wors t
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i n t e r a c t i o n  was th e  p a i r i n g  between SPT-R17, where h ig h  

r a t e  o f  c o l o n i z a t i o n  o c cu r s  w i t h  low r a t e  o f  N2- f i x a t i o n  

and n e g a t i v e  p l a n t  v i g o r  in d e x .  K lo e pp e r  e t  a l .  (1989) 

and Lambert and Joes  (1989) re v iew ed  t h a t  r o o t  

c o l o n i z a t i o n  by i n o c u l a t e d  w i t h  f r e e - l i v i n g  b a c t e r i a  

such as A z o t o b a c t e r  ch ro coccum , v a r i o u s  B a c i 1 l u s  spp. 

and n i t r o g e n  f i x i n g  s t r a i n s  o f  A z o s p i r i l l u m  may a l s o  

i n f l u e n c e  th e  s y m b io s i s  between m ic roo rgan ism  and 

p l a n t s ,  and t h e re b y  s t im u l a t e d  p l a n t  g rowth p rom o t ion  

(PGP) s i g n i f i c a n t l y .  T h i s  p r im a r y  mechanism i s  no t  

n i t r o g e n - f i x a t i o n  and may be s i m i l a r  t o  th e  second  t ype  

o f  p l a n t - b a c t e r i a l  i n t e r a c t i o n  obse rved  between RD6-R25 

, RD6-R17 o r  RD25-R17. In t h e  f i r s t  g roup  o f

p l a n t - b a c t e r i a  i n t e r a c t i o n ,  where ne t  a s s o c i a t i v e  

N2- f i x a t i o n  has been ob se rved ,  th e  i n c r e a s e  in  p l a n t  

v i g o r  in dex  was t e n t a t i v e l y  h i g h e r  than  th e  second  t y p e ,  

e s p e c i a l l y  th e  p a i r i n g  between RD7-R17. In t h i s  c a t e g o r y  

bo th  PGP sub s tan ce  and a s s o c i a t i v e  N2- f i x a t i o n  s h o u ld  be' 

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

4 .5  R e l a t i o n s h i p  between c o l o n i z a t i o n  p o t e n t i a l  and r o o t  

l e c t i n

A h y p o th e s i s  t h a t  s p e c i f i c i t y  i n  p l a n t - b a c t e r i a l
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i n t e r a c t i o n  i s  m ed ia ted  by l e c t i n s  i s  w e l l  known. The 

l e c t i n  b i n d i n g  h y p o t h e s i s  o f  b a c t e r i a l  R15 and R17 t o  

r i c e  CV.RD7 were dem ons t ra ted  by L impananont (1987) .  

R e c e n t l y ,  chaopongpang (1989) r e p o r t e d  t h a t  r i c e  c v .  RD7 

c o n ta in e d  h ig h  l e c t i n  c o n te n t  i n  r o o t s  (58 n g / lO O p la n t ), 

RD23 and RD25 c o n t a in e d  moderate amount o f  l e c t i n  

c on te n t  i n  r o o t s  (17-34  n g / loop l a n t s ) whereas t h e  l e c t i n  

c on te n t  o f  KDML was th e  low es t  amount (5 n g / lO O p l a n t s ). 

T h i s  s t u d y  d em o ns t ra te s  h ig h  c o l o n i z a t i o n  o f  R15, R17

and R25 i n  r i c e  cv .  RD7, but  low c o l o n i z a t i o n  i n  KDML. 

These e v id e n c e s  sugge s t  t h a t  th e  l e c t i n  c o n te n t  i n  r o o t s  

sh ou ld  r e l a t e  t o  c o l o n i z a t i o n  p o t e n t i a l  by wh ich  i t  may 

a c t  as t h e  adhe s ion  f u n c t i o n  o f  p l a n t - b a c t e r i a l  

i n t e r a c t i o n .

4 . 6  Summary o f  th e  r e s u l t s

From t h i s  t h e s i s ,  t h e  r e s u l t s  c o u ld  be 

summarized as f o l l o w s :

4 . 6 . 1  P r o d u c t i o n  o f  a n t i s e r a  a g a in s t  3 s t r a i n s  

o f  n i t r o g e n - f i x i n g  b a c t e r i a  R15, R17 and R25 from fem a le  

r a b b i t s  were a c h ie v e d  th e  h ig h  a g g l u t i n a t i o n  t i t e r  o f

1 :1 ,600 ,  1 :2 ,400  and 1 :3 ,2 00 ,  r e s p e c t i v e l y .
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4 . 6 . 2  F o r  IND-FA, a n t i - R 1 5 ,  R17 and R25 were 

used as th e  f i r s t  a n t i b o d i e s  a t  th e  d i l u t i o n  o f  1 : 1 0 0  

f o r  a l l  a n t i s e r a  and th e  com merc ia l  FITC co n ju g a te d  goa t  

a n t i r a b b i t  im m unog lobu l in  a t  th e  d i l u t i o n  o f  1 ะ 1 0  was 

used as th e  second  a n t i b o d y ,  g i v i n g  the  s e n s i t i v i t y  i n  

te rms o f  th e  c o a t i n g  a n t i g e n s  in  th e  o r d e r  o f  1 0 e 

c e l l s / s m e a r .

4 . 6 . 3  Development o f  COM-IND-ELISA u s in g  

a n t i - R 1 5 ,  R17 and R25 as t h e  f i r s t  a n t ib o d y  a t  th e  

d i l u t i o n  o f  1 :25 ,600 ,  1 :25 ,600  and 1 :51 ,200 ,  

r e s p e c t i v e l y ,  and com m erc ia l  a l k a l i n e  phospha ta se  

c o n ju g a te d  goa t  a n t t i r a b b i t  im m unog lobu l in  as th e  second  

a n t ib o d y ,  g i v i n g  th e  s e n s i t i v i t y  o f  d e t e c t i n g  homologous 

a n t i g e n s  in  th e  o r d e r  o f  1 .95x10s c e l l s / m l ,  w i t h  the  

a c cu ra c y  dem ons t ra ted  by th e  p e r  cen t  r e c o v e r y  o f  

90-120 .  The p r e c i s i o n  o f  i n t r a  a s say  and i n t e r  a ssay  

were in  t h e  range o f  3-10%CV and 3-15%CV, r e s p e c t i v e l y .

4 . 6 . 4  The s p e c i f i c i t y  o f  IND-FA and 

COM-IND-ELISA t e s t e d  by h ea ted  c e l l s  s u sp en s io n  o f  

homologous and non-homologous s t r a i n s  a t  the  

c o n c e n t r a t i o n  o f  2 . 5 x lQ 7  c e l l s / m l  showed c o r r e s p o n d in g

r e s u l t s  f o r  IND-FA and COM-IND-ELISA. I t  suggues ts  t h a t
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R15 and R17 a re  K l e b s i e l l a - l i k e  s t r a i n s ,  show ing 

c r o s s - r e a c t i o n  w i t h  K . o x y to c a  NG13 (26-28%), w h i l e  R25 

i s  an A z o s p i r i l l u m  1i p o f  erum, showing 100% 

c r o s s - r e a c t i o n  w i t h  A .FS  and 34H. s t r o n g  s e r o l o g i c a l  

homology between s t r a i n s  R15 and R17 has been ob se rved  

a l t h o u g h  th e y  d i f f e r  i n  s a l t  t o l e r a n c e  and c o l o n i z a t i o n  

p o t e n t i a l .

4 . 6 . 5  By th e  3 c r i t e r i a ,  the  c o l o n i z a t i o n  

p o t e n t i a l ,  n i t r o g e n - f i x i n g  p o t e n t i a l  and i n c r e a s e  in  

p l a n t  v i g o r  in d e x ,  t h e  c o m p a t ib l e  p a i r  o f  p l a n t  and 

b a c t e r i a  was c l a s s i f i e d  i n t o  2  c a t a g o r i e s ;  ( 1 ) 

c o m p a t i b l e  p a i r  w i t h  h ig h  c o l o n i z a t i o n  p o t e n t i a l ,

n i t r o g e n - f  i x i n g p o t e n t i a l and the  i n c r e a s e in p l a n t

v i g o r  in d e x . RD7-R15 i s  the  b es t  p a i r f  o r t h i s

c a t a g o r y .  ( 2 ) c o m p a t i b l e p a i r w i th  r e l a t i v e l y lowe r

c o l o n i z a t i o n  p o t e n t i a l ,  w i t h o u t  net  g a in  in  a s s o c i a t i v e  

N2 - f i x a t i o n ,  bu t  s t i l l  g a in  p l a n t  v i g o r  in d e x  above 

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

t y p e  i s  RD6-R25. The t h i r d  t ype  o r  p o s s i b l y  th e  w o rs t  

i n t e r a c t i o n  i s  t h e  p a i r i n g  between SPT-R17, where h ig h  

r a t e  o f  c o l o n i z a t i o n  o c c u r s  w i t h  low r a t e  o f  Nz - f i x a t i o n  

and n e g a t i v e  p l a n t  v i g o r  index .


	CHAPTER 4 DISCUSSION
	4.1 Antisera preparation
	4.2 Development of competitive IND-ELISA technique
	4.3 Detection and identification of bacteria, R15, R17 and R25 by immunofluorescence and competitive indirect ELISA techniques
	4.4 Application of quantitative COM-IND-ELISA to select the compatible pair of plant-bacteria interaction
	4.5 Relationship between colonization potential and root lectin
	4.6 Summary of the results


