
CHAPTER 2

M a t e r i a l s  and M eth ods

2 . 1 .  B a c t e r i a

N i t r o g e n - f i x i n g  b a c t e r i a l  c u l t u r e s  u s e d  a s  

r e f e r e n c e s  a r e  a s  f o l l o w s :  K l e b s i e l l a  o x y t o c a  NG13,  

P s e u d o m o n a s  ร]ว.H8, P KLH 7 6 ,  A z o s p i r i l l u m  l i p o f e r u m  34H 

and  A .F S .  The f i r s t  s t r a i n  was i s o l a t e d  from r i c e  grown  

i n  J a p a n  and p r o v i d e d  by D r . Y . H i r o t a , N a t i o n a l  I n s t i t u t e  

G e n e t i c s  , J ap an  (NIG) and t h e  o t h e r  4 s t r a i n s  w e r e  

i s o l a t e d  from r i c e  grown a t  t h e  I n t e r n a t i o n a l  R i c e  

R e s e a r c h  I n s t i t u t e  (IRR I)  P h i l i p p i n e s  and  p r e s e n t e d  t o  

u s  by D r . I . W a t a n a b e . N i t r o g e n - f i x i n g  K l e b s i e l l a  

p n e u m o n i a e  M5al and E s c h e r i c h i a  c o l i  C600 ; w er e  k i n d l y  

p r o v i d e d  from Dr.  c. Kenedy and m a i n t a i n e d  a t  t h e  U n i t  

C e l l  o f  G e n e t i c s  E n g i n e e r i n g ,  D e p a r t m e n t  o f  

B i o c h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  c h u l a l o n g k o r n  

U n i v e r s i t y ,  T h a i l a n d .

The i n d i g e n o u s  Nz - f i x i n g  K l e b s i e l l a  l i k e  

s t r a i n s ;  R 1 5 , R 1 7 , a n d  A z o s p i r i l l u m  l i k e  s t r a i n ;  R25 w e r e
i s o l a t e d  from t h e  r h i z o s p h e r e  o f  r i c e  grown a t  T a p r a
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N o r t h - E a s t e r n  A g r i c u l t u r a l  B u r e au  and R a n g s i t  R i c e  

E x p e r i m e n t a l  s t a t i o n ,  T h a i l a n d ,  by P . H a r i n a s u t  and  J .  

B o o n j a w a t ,  D e p a r t m e n t  o f  B i o c h e m i s t r y ,  F a c u l t y  o f

S c i e n c e ,  C h u l a l o n g k o r n  U n i v e r s i t y ,  T h a i l a n d

( H a r i n a s u t , 1 9 8 1 ) .

2 . 2  R i c e

F o u n d a t i o n  s e e d s  o f  r i c e  c u l t i v a r ;  RD5, RD6,  
RD7, RD23, RD25, K h a o d o k m a l i  105 (KDML), L u a n g - p r a t e w  

123 (L P T ) ,  and S a n - P a - t o n g  ( S P T ) ,  w e r e  o b t a i n e d  from  

Bangkhen  R i c e  E x p e r i m e n t a l  s t a t i o n ,  D e p a r t m e n t  o f  

A g r i c u l t u r e ,  M i n i s t r y  o f  A g r i c u l t u r e  and C o - o p e r a t i v e ,  

T h a i l a n d .

2 . 3  R a b b i t

New Z e a l a n d  W h i t e  r a b b i t s  w e r e  o b t a i n e d  from  

t h e  A nim al  C e n t e r ,  f a c u l t y  o f  A n im al  S c i e n c e ,  K a s e t s a r t  

U n i v e r s i t y , T h a i l a n d .  O n ly  f e m a l e  r a b b i t s  a b o u t  s i x  

month o l d  and h a v e  n e v e r  p a s s e d  i m m u n i z a t i o n  w e r e  u s e d .  

The r a b b i t s  w e r e  q u a r t e r e d  and m a i n t a i n e d  a t  t h e  BNF 

R e s e a r c h  C e n t e r ,  S o i l  S c i e n c e  D e v i s i o n ,  D e p a r t m e n t  o f
A g r i c u l t u r e ,  M i n i s t r y  o f  A g r i c u l t u r e  and C o - o p e r a t i v e s
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T h a i l a n d .

2 . 4  C h e m i c a l s  and  B i o c h e m i c a l s

A l l  c h e m i c a l s  w e r e  o b t a i n e d  c o m m e r c i a l l y  from  

BDH, E. Merck o r  s i g m a  and w e r e  o f  r e a g e n t  g r a d e  o r  

b e t t e r .

2 . 5  P r e p a r a t i o n  o f  C u l t u r e  m e d i a  and c u l t i v a t i o n

2 . 5 . 1 .  R i c h  medium (RM), ( L u r i a  e t  a l . , 1 9 6 0 )
t r y p t o n e  10 g / 1  

y e a s t  e x t r a c t  5 g / 1  

s o d iu m  c h l o r i d e  10 g / 1  

g l u c o s e  2 g / 1

A l l  i n g r e d i e n t s  w e r e  d i s s o l v e d  i n  d i s t i l l e d  

w a t e r ,  t h e  medium was a d j u s t e d  t o  pH 7 . 0  w i t h  IN NaOH, 

b e f o r e  make up t o  1 l i t e r ,  and  a u t o c l a v e d  a t  121 °c f o r  

15 m i n .  F or  a s o l i d  medium, 15 g o f  N o b l e  a g a r  was  a d d e d  

i n t o  1 l i t e r  o f  t h e  l i q u i d  medium.
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2 . 5 . 2 . T r y p t i c  s o y  a g a r  (T S A ) ,  ( B a r r a q u i o  e t  a l . ,

D i s s o l v e d  1 g o f  t r y p t i c  s o y  and  15 g o f  N o b l e  

a g a r  i n  d i s t i l l e d  w a t e r .  The m e d ia  was  a d j u s t e d  t o  pH

7 . 0  w i t h  IN NaOH and made up t o  1 l i t e r ,  a u t o c l a v e d  a t  

1 2 1 ° c  f o r  15 m in .

1 9 8 3 )

2 . 5 . 3  N i t r o g e n  f r e e medium ( N F ) ,

( D o b e r e i n e r , 1977  )
D i p o t a s s i u m  h y d r o g e n  p h o s p h a t e , k 2h p o 4 0 . 0 5 g / 1
P o t a s s i u m  d i h y d r o g e n  p h o s p h a t e , KH 2:P0A 0 . 1 5 g / 1
C a lc iu m  c h l o r i d e ,  C a C lz . 2 H z 0 0 . 0 1 g / 1
Magnesium s u l p h a t e ,  MgS0A.7 H z 0 0 . 0 0 2 g / 1
Sodium m o l y b d a t e ,  Naz MoOA. 2 H Z0 0 . 0 0 2 g / 1
F e r r i c  c h l o r i d e ,  F e C l 3 0 . 0 1 g / 1
Sodium b i c a r b o n a t e ,  NaHC03 0 . 0 1 g / 1
G l u c o s e 2 0 . 0 g / 1

Each  i n g r e d i e n t  was d i s s l o v e d  i n d i s t i l l e d

w a t e r ,  and a u t o c l a v e d  a t  121°c s e p a r a t e l y  f o r 15 m in .

T h e s e  s o l u t i o n s  w e r e  m ix e d  i n  a s e p t i c  c o n d i t i o n  b e f o r e  

u s e d .  F or  a s o l i d  medium, 15 g o f  B a c t o  -  a g a r  was a d d e d

i n t o  1 l i t e r  o f  t h e  l i q u i d  medium.
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2 . 5 . 4  N i t r o g e n  f r e e  medium ( N F ) , f o r  R25 o r

A z o s p i r i l l u m  s p p .  P s e u d o m o n a s  s p p . (L ad h a  e t  a l . , 198 2 )

M a l i c  a c i d 5 g / 1
D i p o t a s s i u m  h y d r o g e n  p h o s p h a t e , K2HPOa 0 . 5 g / 1
C a lc iu m  c h l o r i d e ,  C a C l2 . 2 H 20 0 . 0 2 g / 1
Magnes ium s u l p h a t e ,  MgS0A.7 H 20 0 . 0 2 g / 1
Sodium m o l y b d a t e ,  Na2Mo0A. 2 H 20 0 . 0 0 2 g / 1
F e r r o u s  s u l p h a t e ,  F e S 0 A . 7 H 20 0 . 4 g / 1
Sodium c h l o r i d e ,  NaCl 0 . 1 g / 1
M a n ga n ese  s u l p h a t e ,  MnSOA.H 20 0 . 0 1 g / 1
B i o t  in 0 . 0 0 0 1 g / 1
P y r i d o x a l - H C l 0 . 0 0 0 2 g / 1

Each  i n g r e d i e n t  was d i s s l o v e d  i n  d i s t i l l e d  

w a t e r , a n d  a u t o c l a v e d  a t  1 2 1 ° c  s e p a r a t e l y  f o r  15 m in .  
T h e s e  s o l u t i o n  w e r e  m i x e d  i n  a s e p t i c  c o n d i t i o n  b e f o r e  

u s e d .  For  a s o l i d  m edium, 15 g o f  B a c t o  -  a g a r  was a d d e d  

i n t o  1 l i t e r  o f  t h e  l i q u i d  medium.

2 . 5 . 5  M o d i f i e d  W eaver  medium ( Weaver e t  a l . ,

1 9 7 5 )

S o l u t i o n  A

Z i n c  s u l p h a t e ,  Z n S 0 A . 7 H 2 0 0 . 4 3  m g / 1
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M a n ga n ese  s u l p h a t e ,  MnS0A.H 20 1 . 3 mg/ 1
Sodium m o l y b d a t e ,  Na2Mo0A.2 H 20 0 . 7 5 mg/ 1

B o r i c  a c i d ,  H3B03 ro CO m g / 1

Copper  s u l p h a t e ,  CuS0A. 7 H 20 0 . 0 2 6 m g / 1

C o b a l t  s u l p h a t e ,  C oS 0A. 7 H 20 . 0 . 0 7 mg/ 1

S o l u t i o n  B
Magnesium s u l p h a t e ,  MgS0A. 7 H 20 100 ' mg/ 1

C a lc iu m  c h l o r i d e ,  C a C l2 .2 H 20 100 mg/ 1

F e r r o u s  s u l p h a t e ,  F e S 0 A.7 H 20 22 mg/ 1

Sodium EDTA ( NaA+ ) 20 mg/ 1

S o l u t i o n  A 20 m l /  1

S o l u t i o n  c

D i p o t a s s i u m  h y d r o g e n  p h o s p h a t e ,  K2HP0A o CO g / 1
P o t a s s i u m  d i h y d r o g e n  p h o s p h a t e ,  KH2POA 0 . 6 g / 1

W orking  medium c o m p o s i t i o n  p e r  l i t e r  c o n t a i n e d  

50 ml o f  s o l u t i o n  B, 15 ml o f  s o l u t i o n  c and  5 g o f  

N o b l e  a g a r .  The medium was a u t o c l a v e d  a t  121 ๐c f o r  15

m in.
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2 . 6  The m a i n t e n a n c e  o f  c u l t u r e s

2 . 6 . 1  S h o r t  -  t e rm  m a i n t e n a n c e

A l l  K l e b s i e l l a  s p p . and  E. C o l i  w e r e  m a i n t a i n e d  

on RM a g a r  medium. P s e u d o m o n a s  and A z o s p i r i  Hum s t r a i n s  

w er e  m a i n t a i n e d  on t r y p t i c  s o y  a g a r  r e s p e c t i v e l y .  s t o c k  

c u l t u r e s  w er e  s t o r e d  a t  4 ° c  f o r  a t  l e a s t  4 w e e k s  w i t h o u t  

o b s e r v a b l e  l o s s  o f  v i a b i l i t y .  B e f o r e  u s e ,  a s i n g l e  

c o l o n y  was c h e c k e d  f o r  i m p u r i t y  by s t r e a k i n g  on t h e  new  

a g a r  p l a t e s ,  and t h e  s i n g l e  c o l o n y  i s o l a t e  was  u s e d .

2 . 6 . 2  Long -  t erm  m a i n t e n a n c e
In  c a s e  o f  l o n g  t e r m  s t o r a g e ,  t h e  b a c t e r i a l  

c u l t u r e  was m ix e d  w i t h  an e q u a l  v o l u m e  o f  a u t o c l a v e d  

g l y c e r o l  and p u t  i n  a d e e p  -  f r e e z e  a t  - 2 0 ° c  f o r  y e a r s .

2 . 7  C u l t i v a t i o n  o f  b a c t e r i a

A s i n g l e  c o l o n y  from RM o r  t y p t i c  s o y  a g a r  

medium was i n o c u l a t e d  i n  5 ml l i q u i d  RM medium a t  room 

t e m p e r a t u r e  ( 3 0 ° C )  i n  a r o t a r y  s h a k e r  u n t i l  t h e  o p t i c a l  

d e n s i t y  (0D420nm) r e a c h e d  0 . 7 .  The s t a r t e r  i n o c u l u m  (3%) 

was t h e n  t r a n s f e r r e d  i n t o  150  ml NF medium s u p p l e m e n t e d

w i t h  10% RM medium. The s e c o n d  s t a r t e r  was  i n c u b a t e d  i n



3 0

a r e c i p r o c a l  s h a k e r  a t  30°c ( e x c e p t  A z o s p i r i l l u m  s p p . ) .  

C e l l s  w e r e  h a r v e s t e d  a t  o p t i c a l  d e n s i t y  (OD420nm) o f  0 . 7  

and t r a s f e r r e d  i n t o  NF medium a t  3% i n o c u l u m .  The g r o w t h  

p a t t e r n  a t  30°c was f o l l o w e d  by m e a s u r i n g  t u r b i d i t y  a t  

420nm i n  a S p e c t r o n i c  20 ( B a u s c h  and Lomb I n c .  L t d . ,  

บ . S . A . ) .  C o lo n y  f o r m i n g  u n i t s  w er e  d e t e r m i n e d  i n  a 

c o l o n y  c o u n t e r  m o d e l  3 326  (A m e r ic a n  O p t i c a l  C o p e r a t i o n ,  

U . S . A . )  by d i l u t i o n  p l a t i n g  m eth od  ( S o m a s e g a r a n  and  

H oben,  1 9 8 5 ) .

2 . 8  P r e p a r a t i o n  o f  a n t i g e n s

B a c t e r i a l  a n t i g e n  (R 15 ,  R17 and R25) w e r e  grown  

i n  NF -  b r o t h  u n t i l  mid -  l o g  p h a s e  (OD420nm c a .  0 . 7 ) .  

C e l l s  w er e  c o l l e c t e d ,  u n d e r  a s e p t i c  c o n d i t i o n s ,  by  

c e n t r i f u g a t i o n  a t  3 , 0 0 0  X g f o r  10 min and r e s u s p e n e d  i n  

s t e r i l i z e d  n o r m a l  s a l i n e  (0 .85%  N a C l ) .  C e n t r i f u g e d  c e l l s  

w e r e  w a sh e d  and a d j u s t e d  w i t h  s t e r i l e  n o r m a l  s a l i n e  t o  

l x i o 9 c e l l s / m l .  The s u s p e n s i o n  was h e a t e d  i n  b o i l i n g  

w a t e r  f o r  30 min t o  i n a c t i v a t e  f l a g e l l a r  and  o t h e r  

p r o t e i n  a n t i g e n s .  M e r t h i o l a t e  was a d d e d  ( f i n a l  

c o n c e n t r a t i o n  o f  1 : 1 0 , 0 0 0  g / m l )  f o r  p r e s e r v a t i o n  and  

s t o r e d  a t  4 -  10 ๐c i n  t h e  r e f r i g e r a t o r  u n t i l  u s e .
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2 . 9  A n t i s e r a  p r o d u c t i o n

2 . 9 . 1  I m m u n i z a t i o n

R a b b i t s  w e r e  im m u n ized  w i t h  R15 , R17 o r  R25 

( I x l O 9 c e l l s / m l  n o r m a l  s a l i n e  ) e m u l s i f i e d  w i t h  an e q u a l  

v o l u m e  o f  F r e u n d ’ s  c o m p l e t e  a d j u v a n t .  And 0 . 5  ml 
p o r t i o n s  o f  t h e  e m u l s i f i e d  c e l l s  w e r e  a d m i n i s t e r e d  

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

W h it e  r a b b i t  ( 4 - 5  m o n t h s ) .

B o o s t e r e d  i n j e c t i o n  was  p e r f o r m e d  4 w e e k s  l a t e r  

and s u b s e q u e n t l y  e a c h  week  by i n t r a v e n o u s  i n j e c t i o n  i n t o  

an e a r  v e i n  w i t h  I x l O 9 c e l l s  s u s p e n d e d  i n  1 . 0  ml o f  

s t e r i l e  n orm al  s a l i n e .

About  2ml o f  b l o o d  was  t a k e n  from an e a r  v e i n  

b e f o r e  i m m u n i z a t i o n  ( a s  c o n t r o l  o r  p re im m une serum  ) ,  4

w ee k s  a f t e r  f i r s t  i m m u n i z a t i o n  and 1 week  a f t e r  e a c h  

b o o s t e r e d  i n j e c t i o n .  M a s s i v e  b l e e d i n g  was p e r f o r m e d  when  

h i g h  t i t e r  ( n o t  l e s s  t h a n  1 : 1 , 6 0 0 )  was o b t a i n e d .  B l o o d  

was l e f t  a t  room t e m p e r a t u r e  ( 3 0 ° C )  f o r  a b o u t  2 h and  

k e p t  i n  t h e  r e f r i g e r a t o r  o v e r n i g h t .  Serum was s e p a r a t e d  

by c e n t r i f u g a t i o n  a t  5 , 0 0 0 x g ,  4°c f o r  15 min and
M e r t h i o l a t e  (S od iu m  e t h y l m e r c u r i t h i o s a l i c y l a t e )  was
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a d d e d  a s  a p r e s e r v a t i v e  t o  t h e  f i n a l  c o n c e n t r a t i o n  o f  

1 :10 ,000  and s t o r e d  a t  -20° c  u n t i l  u s e .

2 . 9 . 2  T i t r a t i o n  o f  a n t i s e r u m  by a g g l u t i n a t i o n

m eth od

An a l i q u o t  o f  a n t i s e r u m  was s e r i a l l y  d i l u t e d  

w i t h  n o r m a l  s a l i n e  ( f ro m  1 : 2 5  t o  1 : 6 , 4 0 0 )  and  100  p i  o f  

f r e s h l y  d i l u t e d  a n t i s e r u m  w ere  a d d ed  i n  d u p l i c a t e  t o  

g l a s s  t u b e s  ( 3 x 5 0  mm). Then 100 p i  o f  b a c t e r i a l  a n t i g e n  

( l x i o 9 c e l l s / m l  n orm al  s a l i n e )  was a d d e d  t o  e a c h  t u b e  

and m i x e d .  C o n t r o l  t u b e s  w er e  i n c u b a t e d  by m i x i n g  100 p i  

o f  b a c t e r i a l  a n t i g e n  w i t h  100 p i  o f  n o r m a l  s a l i n e  o r  100  

p i  o f  a n t i s e r u m  ( 1 : 2 5  d i l u t i o n )  w i t h  100 p i  o f  n o r m a l  

s a l i n e .  A f t e r  i n c u b a t i o n  i n  a w a t e r b a t h  a t  52°c  f o r  3 h ,  

a g g l u t i n a t i o n  was o b s e r v e d  a g a i n s t  a b a c k g r o u n d  i n  f r o n t  

o f  a g o o d  l i g h t  s o u r c e .  The t i t e r  was e x p r e s s e d  a s  t h e  

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

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

2 . 1 0  I d e n t i f i c a t i o n  o f  N„ - f i x i n g  b a c t e r i a  by  

i m m u n o f l u o r e s c e n c e

The 100 p i  o f  t e s t e d  a n t i g e n  c o n c e n t r a t i o n  o f  

IQ7 , 1 0 s  , 10°  c e l l s / m l  w er e  s m e a r e d  on t h e  g l a s s  s l i d e
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w h i c h  w e r e  a i r  d r i e d ,  h e a t  f i x e d  and c o v e r e d  t h e  sm ear  

w i t h  a f e w  d r o p s  o f  t h e  s e r i a l  d i l u t i o n  o f  a n t i - R 1 5  

serum  ( a n d  o t h e r  s p e c i f i c  a n t i s e r u m )  s t a r t i n g  from a 

f i n a l  d i l u t i o n  o f  1 : 2 5  t o  1 : 2 0 0  t e s t  f o r  t h e  s u i t a b l e  

c o n c e n t r a t i o n .  Each  sm e a r  was  t h e n  c o v e r e d  w i t h  a 1 : 1 0  

d i l u t i o n  o f  f l u o r e s c e i n  i s o t h i o c y a n a t e  (FITC)  

c o n j u g a t e  a n t i - r a b b i t  i m m u n o g l o b u l i n  and a l l o w e d

s t a i n i n g  t o  p r o c e e d  f o r  20 min a t  room t e m p e r a t u r e  i n  a 

m o i s t  cham b er  ( a  p l a s t i c  b o x  c o n t a i n i n g  m o i s t  p i e c e s  o f  

p a p e r  t o w e l )  and  k e p t  i n  t h e  d a r k .  The e x c e s s  FITC 

c o n j u g a t e  was r e m o v ed  by w a s h i n g  w i t h  p h o s p h a t e - b u f f e r  

s a l i n e  (PBS, c o n t a i n i n g  NaCl 8 . 0  g ; KH2P 0 4 0 . 2  g 

;N a 2 HPO4 . 12H20 2 . 9  g ; KCl 0 . 2  g ; and NaN3 0 . 2  g p e r
l i t e r  , pH 7 . 4  ) f o r  15 min t w i c e .  A f t e r  r i n s i n g  w i t h  

PBS s o l u t i o n  f o r  a m i n u t e .  The s l i d e  was d i p p e d  i n  

n o r m a l  s a l i n e  f o r  5 m in ,  a i r  d r i e d  and m oun ted  i n  

g l y c e r o l .  The s l i d e  was o b s e r v e d  u n d e r  an e p i f l u o r e s c e n t  

m i c r o s c o p e  ( N i k o n , O p t i p h o t )  e q u i p p e d  w i t h  a m e r c u r y
v a p o u r  l i g h t  s o u r c e ,  and  a B f i l t e r  c a s s e t t e  ( e x c i t a t i o n  

f i l t e r  w a v e l e n g t h  4 2 0 - 4 8 5  nm and a b s o r p t i o n  f i l t e r  o f  

5 2 0 - 5 8 0  nm) .  The p h o t o g r a p h s  w er e  t a k e n  w i t h  a N ik o n  

FX-35A c a m e r a  a t t a c h e d ,  u s i n g  KODAK E x t r a c h o m e  400  ASA 

f o r  d i a p o s i t i v e s .  The i n t e n s i t y  o f  f l u o r e s c e n c e  o b s e r v e d
w i t h  t h e  h i g h e s t  d i l u t i o n  o f  e a c h  h o m o lo g o u s  a n t i g e n  and
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n o n - h o m o l o g o u s  a n t i g e n  was r a n k e d  by t h e  f o l l o w i n g  s c a l e ;

+ + + +

+ + +

+ +

+

0

ะ B r i l l i a n t  y e l l o w  -  g r e e n  i s  h o m o l o g o u s  

s t r a i n s  o f  a n t i g e n  o r  v e r y  c l o s l y  

r e l a t e d  s e r o l o g y .
ะ B r i g h t  y e l l o w  -  g r e e n  i s  non  h o m o l o g o u s  

s t r a i n s  w i t h  c l o s e l y  r e l a t e d  s e r o l o g y .
ะ Y e l l o w  -  g r e e n  i s  non h o m o l o g o u s  s t r a i n s  

w i t h  m o d e r a t e l y  r e l a t e d  s e r o l o g y .
ะ D u l l  -  g r e e n  i s  non h o m o l o g o u s  s t r a i n s  

w i t h  s p a r s e l y  r e l a t e d  s e r o l o g y .

ะ No f l u o r e s c e n c e  i s  b a c k g r o u n d

The h i g h e s t  d i l u t i o n  w h i c h  c o u l d  b e  r a t e d  a s  4+ 

was u s e d  f o r  s t r a i n s  i d e n t i f i c a t i o n .  The n o n - h o m o l o g o u s  

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

i n t e n s i t y  from  4+ t o  1+.

2 . 1 1  S a l t  e f f e c t  on s t r a i n  i d e n t i f i c a t i o n  by  

i n d i r e c t  i m m u n o f l u o r e s c e n c e

The s t a r t e r  o f  b a c t e r i a l  c u l t u r e  from  2 . 7  was  

u s e d  a s  i n o c u l u m  i n t o  t r i p l i c a t e  f l a s k  o f  150  ml RM

medium c o n t a i n i n g  NaCl t o  t h e  f i n a l  c o n c e n t r a t i o n  o f
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2.5%, 5 .0% , 7 .0% ,  10.0%, 12.0% and 15.0% and NF medium
c o n t a i n i n g  w i t h  NaCl 0 .5% ,  2 .5%, 5 .0% , 7 .5%, and 10.0% 

c o n c e n t r a t i o n .  Growth  was o b s e r v e d  by m e a s u r i n g  

t u r b i d i t y  a t  420nm (OD420) i n  a S p e c t r o n i c  20 and c o l o n y  

f o r m i n g  u n i t  was a l s o  p e r f o r m e d  by d i l u t i o n  p l a t i n g  

m eth o d  i n  a c c o r d a n c e  w i t h  t h e  m easurm en t  o f  t h e  c e l l  

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

a p p r o x i m a t e l y  0 . 7 ,  a f l a s k  o f  c u l t u r e  w ere  c e n t r i f u g e d  

and w a s h e d  w i t h  n o r m a l  s a l i n e .  The c o n c e n t r a t e d  c e l l s ,  

a p p r o x i m a t e l y  1 . 0  u n i t  o f  OD420, w er e  u s e d  t o  r e a c t  w i t h  

h o m o l o g o u s  a n t i s e r u m  t o  d e t e c t  IF r e a c t i o n .

*

2 . 1 2  P r e p a r a t i o n  o f  r i c e  s e e d l i n g  r o o t s

The h e a l t h y  -  l o o k  s e e d s  o f  r i c e  c u l t i v a r s  ; 
RD5, RD6, RD7, RD23, RD25, KDML, LPT and SPT w er e

s e l e c t e d .  N ew ly  h a r v e s t e d  s e e d s  w e r e  i n c u b a t e d  a t  5 0 ° c  

i n  a vacuum -  o v e n  f o r  4 - 5  d a y s  t o  b r e a k  r i c e  d o r m a n c y .  

S u r f a c e  s t e r i z a t i o n  o f  r i c e  s e e d s  w e r e  d o n e  by s o a k i n g  

i n  95% e t h a n o l  f o r  1 m in ,  i m m e d i a t e l y  w ash ed  w i t h  t a p  

w a t e r  c o n t a i n i n g  Tween20  ( 5 - 6  d r o p s  o f  Tween20 t o  100ml  

o f  t a p  w a t e r )  s e v e r a l  t i m e s ,  s t i r r e d  i n  30% c h l o r o x  f o r  

25 m in ,  10% c h l o r o x  15 min and 5% c h l o r o x  f o r  1 5 - 6 0  min  

u n d e r  s u c t i o n  w i t h  an a i r  pump. The s e e d s  w er e  t h e n

t 10ôC93fcb
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w ashed  i n  s t e r i l e  d i s t i l l e d  w a t e r  s e v e r a l  t i m e s  i n  o r d e r  

t o  rem ove  t h e  s t e r i l i z i n g  a g e n t .  S e e d s  w e re  g e r m i n a t e d  

i n  a m o i s t  -  s t e r i l e  p e t r i - d i s h  f o r  two d a y s  a t  room  

t e m p e r a t u r e .  A f t e r ,  t h e  g e m i n a t e d  and u n g e r m i n a t e d  s e e d s  

w ere  c o u n t e d  and c a l c u l a t e d  i n  t h e  te r m  o f  p e r c e n t a g e  o f  

g e r m i n a t i o n ,  t r a n s f e r r e d  3 g e r m i n a t e d  s e e d l i n g s  t o  e a c h  

30x200 mm g l a s s  t u b e .  E a c h  t u b e  c o n t a i n e d  30 ml o f  

m o d i f i e d  W eaver  B u r k  medium c o n t a i n i n g  0.5% N o b l e  a g a r  

f o r  7 d a y s .  O n l y  e x c i s e d  r o o t s  t i p  1 cm l o n g  w ere  u s e d  

i n  t h e  a d s o r p t i o n  a s s a y .

2 . 1 3  A s s a y  f o r  a d s o r p t i o n  o f  b a c t e r i a  on r i c e  r o o t s  by  

i n d i r e c t  i m m u n o f l u o r e c e n c e  ( H a a h t e l a  e t  a l . ,  1986)

B a c t e r i a l  s u s p e n s i o n  l x i o 7 , 1x10s , a n d  l x i o 9 

c e l l s /  i n  one ml o f  PBS were  i n c u b a t e d  w i t h  t h e  t h r e e  

r o o t s  f ro m  2 . 1 2  a t  room t e m p e r a t u r e .  T h e  r o o t s  were  

t h e n  washed  t w i c e  f o r  15 min w i t h  10 ml o f  P B S .  The  

r o o t s  were  c r u s h e d  by  g l a s s  r o d ,  t h e n  s m e a r e d  on a 

s l i d e ,  a i r  d r i e d  and h e a t  f i x e d .  The  r o o t s  d e b r i s  were  

c o v e r e d  w i t h  one  d r o p  o f  h o m o lo g o u s  a n t i s e r u m  ( d i l u t e d  

1 :2 0  i n  PBS -  b o v i n e  serum a l b u m i n  f o r  15 m in .  T h e  r o o t s  

w ere  washed t w i c e  w i t h  PBS and c o v e r e d  w i t h  one  d r o p  o f

R ho d a m in e  g e l  t o  b l o c k  a u t o f l u o r e s c e n c e  o f  p l a n t  t i s s u e
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( B o h l o o l  and S c h m i d t ,  1 9 6 8 ) .  B e f o r e  Rhodam ine  g e l  d r i e d ,  

one d r o p  o f  f l u o r e s c e i n  i s o t h i o c y a n a t e  ( F I T C )  

c o n j u g a t e  a n t i  -  r a b b i t  i m m u n o g l o b u l i n  ( d i l u t i o n  1 :10)  

w h i c h  c o n t a i n e d  1% ( w t / v o l )  b o v i n e  serum a l b u m i n  was 

a p p l i e d  and  i n c u b a t e d  a t  room t e m p e r a t u r e  ( c a .  30°C)  f o r  

20 m in .  The  e x c e s s  F I T C  was re m o v e d  by  w a s h in g  w i t h  PBS 

as d e s c r i b e d  i n  2 . 1 0  t h e n  m o u n te d ,  and o b s e r v e d  i n  an 

e p i  -  f l u o r e s c e n t  m i c r o s c o p e .

2 . 1 4  A s s a y  f o r  a s s o c i a t i v e  b a c t e r i a  on r i c e  r o o t s  by  

i n d i r e c t  i m m u n o f l u o r e c e n c e

B a c t e r i a l  s u s p e n s i o n  5 x 1 0 s c e l l s / m l  were  

i n o c u l a t e d  i n t o  t h e  t u b e  p r e p a r e d  as  i n  2 . 1 2  a t  day  

z e r o .  A f t e r  7 d a y s , t h e  r o o t s  were  c u t  o f f  and  washed  

t w i c e  f o r  15 m i n * w i t h  10 ml o f  PBS.  The  r o o t  s a m p l e  were  

f i x e d  and d e t e r m i n e d  f o r  t h e  b a c t e r i a l  a n t i g e n s  as  

d e s c r i b e d  i n  2 . 1 3 .

2 . 1 5 *  D e v e l o p m e n t  o f  enzyme l i n k e d  im m u n o s o r b e n t  a s s a y  

( E L I S A )  p r o c e d u r e  (Fu hrm ann  and Wol lum  I I ,  1985)

T h e r e  a r e  4 s t e p s  i n  E L I S A  w h i c h  s t a r t s  f ro m  ( i )
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a n t i g e n  c o a t i n g  ( i i )  a d d i t i o n  o f  t h e  f i r s t  a n t i b o d y  f ro m  

r a b b i t ,  ( i i i )  a d d i t i o n  o f  g o a t  a n t i  -  r a b b i t  IgG  

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 ,  and ( i v )  c o l o r  

d e v e l o p m e n t  by  a d d i n g  s u b s t r a t e  p - n i t r o p h e n y 1 p h o s p h a t e .

A n t i g e n  c o a t i n g  was p e r f o r m e d  by  u s i n g  a 

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

( c o m p o s i t i o n  p e r  l i t e r  a c c o r d i n g  t o  V o i l e r  e t  a l . ,  1980  

was a s  f o l l o w :  Naz C 0 3 1 .5 9  g ;  NaHCOg 2 . 9 3  g ;  and  NaN3 

0 . 2  g ,  f i n a l  a c i d i t y  was a d j u s t e d  t o  pH 9 . 6  w i t h  0 . 5  M 

H C l )  and made a s e r i e s  o f  two f o l d  d i l u t i o n  r a n g i n g  f ro m  

l x i o 9 -  1 x1 0 e c e l l s / m l  i n t o  t h e  w e l l  o f  a f l a t  w e l l

E L I S A  m i c r o t i t e r p l a t e s  (Nu nc ,  D e n m a rk ) .  An a l i q u o t  o f  

lO O j i l  was d e l i v e r e d  t o  e a c h  w e l l  and i n c u b a t e d  a t  5°c 

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

a n t i g e n s  were  re m o v e d  f rom  t h e  w e l l  by  s h a k i n g  t h e  

p l a t e s  and t h o r o u g h l y  washed t w i c e  w i t h  PBS -  Tween  

(PBS c o n t a i n i n g  0.5% Tween 2 0 ) .  D u r i n g  t h e  f i r s t  

w a s h i n g ,  t h e  p l a t e  was f l o o d e d  w i t h  PBS -  Tween w h i c h  

was t h e n  i m m e d i a t e l y  rem oved  t o  m i n i m i z e  c r o s s  

c o n t a m i n a t i o n  among w e l l s ,  and f o r  t h e  two f i n a l  

w a s h i n g ,  PBS -  Tween was r e m a i n e d  i n  t h e  w e l l s  f o r  5 min

b e f o r e  r e m o v a l .
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To d e t e r m i n e  t h e  p r o p e r  w o r k i n g  d i l u t i o n  o f  t h e  

f i r s t  a n t i s e r u m ,  a s e r i e s  o f  two f o l d  d i l u t i o n  ( 1 : 6 , 4 0 0  

t o  1 : 1 0 2 , 4 0 0 )  i n  PBS -  Tween was p e r f o r m e d  and ad d ed  

( lOOjul)  t o  t h e  s e r i e s  o f  w e l l s  p r e c o a t e d  w i t h  t h e  s e r i a l  

two f o l d  d i l u t i o n  o f  t h e  h o m o lo g o u s  a n t i g e n  ( s t a r t e d  a t  

l x i o 9 c e l l s / m l ) .  In  o t h e r  w o r d s ,  t h e  a n t i s e r u m  d i l u t i o n  

was v a r i e d  on t h e  Y - a x i s  and a n t i g e n  d i l u t i o n  was v a r i e d  

on t h e  X - a x i s  o f  t h e  m i c r o t i t e r p l a t e .  T h e  a n t i g e n  

a n t i s e r u m  m i x t u r e  was i n c u b a t e d  i n  a c h a m be r  w i t h

s a t u r a t e d  h u m i d i t y  a t  3 0 ° c  f o r  v a r i o u s  i n c u b a t i o n  t i m e

( 0 . 5  -  3 . 0  h ) .

T h e  e x c e s s  a n t i s e r u m  was rem o ved  by w a s h in g  

t w i c e  w i t h  PBS -  Tween w h i c h  was t h e n  i m m e d i a t e l y  

rem o ved  t o  m i n i m i z e  c r o s s - c o n t a m i n a t i o n  among w e l l s ,  and  

f o r  t h e  two f i n a l  w a s h i n g s ,  PBS -  Tween was r e m a i n e d  in  

t h e  w e l l s  f o r  5 min  b e f o r e  r e m o v a l .  T hen  lO O j i l  o f  

d i l u t e d  g o a t  a n t i r a b b i t  I g G - 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  (S igm a)  i n  PBS -  Tween was a d d e d  t o  e a c h

w e l l .  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 - c o n j u g a t e  was 

v a r i e d  f ro m  1 : 2 , 5 0 0  t o  1 : 1 , 5 0 0 .  T h e  d i l u t i o n  o f  t h e  

f i r s t  a n t i s e r u m  was f i x e d ,  w h i l e  t h e  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 - c o n j u g a t e  was v a r i e d .  The  m i c r o t i t e r  

p l a t e  was i n c u b a t e d  a t  37°c. A t  d i f f e r e n t  p e r i o d  o f
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i n c u b a t i o n  t i m e  ( 0 . 5 ,  1 . 0 ,  2 . 0 ,  3 . 0 ,  a n d  1 2  h )  t h e  c o l o r  

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

T h e  s u b s t r a t e  s o l u t i o n  c o n t a i n i n g  1 m g  o f  

p - n i t r o p h e n y 1 p h o s p h a t e  p e r  m l  o f  s u b s t r a t e  b u f f e r  

( c o m p o s i n g  o f  9 7  m l  o f  d i e t h a n o l a m i n e ,  0 . 2  g  N a N 3  a n d  

0 . 1  g  M g C l 2 . 6 H 2 0  p e r  l i t e r ,  a d j u s t e d  t o  p H  9 . 8  w i t h  0 . 1  

M N a O H )  w a s  a d d e d  t o  e a c h  w e l l  ( 1 0 0  J i l )  a n d  t h e  p l a t e  

w a s  a l l o w e d  t o  d e v e l o p  t h e  y e l l o w  c o l o r  a t  r o o m  

t e m p e r a t u r e .  T h e  r e a c t i o n  t i m e  w a s  v a r i e d  b e t w e e n  4 0  m i n  

a n d  5 0  m i n ,  a n d  s t o p p e d  w i t h  5 0  j i l  o f  3M N a O H  p e r  w e l l .  

T h e  a b s o r b a n c e  o f  c o l o r  p r o d u c t  w a s  m e a s u r e d  a t  

w a v e l e n g t h  4 0 5  n m  i n  a  T i t e r t e k  M u l t i s k a n  P l u s  p l a t e  

r e a d e r  ( F l o w  L a b o r a t o r i e s ) .  A t e s t  w e l l  w a s  j u d g e d  

p o s i t i v e  g e n e r a l l y  w h e n  a b s o r b a n c e  r a n g i n g  f r o m  1 . 0

1 . 5  u n i t  w a s  o b s e r v e d ,  a n d  n e g a t i v e  w h e n  i t s  a b s o r b a n c e  

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

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

2 . 1 6  C o m p e t i t i v e  b i n d i n g  a s s a y  o f  i n d i r e c t  e n z y m e  l i n k e d  

i m m u n o s o r b e n t  a s s a y  ( C O M - I N D - E L I S A )

T h e  I N D - E L I S A  t e c h n i q u e  i s  b y  f a r  l e s s  s e n s i t i v e

t h a n  C O M - I N D - E L I S A ,  w h i c h  h a s  t h e  p r o f o u n d  a d v a n t a g e  i n
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r e d u c i n g  t h e  c o a t i n g  a n t i g e n  f a c t o r .  I n  t h i s  s t u d y ,  e a c h  

p l a s t i c  w e l l  o f  a n  E L I S A  p l a t e  w a s  c o a t e d  w i t h  a n  e x a c t  

c o n c e n t r a t i o n  o f  a n t i g e n  t o  g i v e  a n  O D 4 0 5  v a l u e  „  1 . 0 .

A f t e r  t h e  c o a t i n g  s t e p ,  t h e  a p p r o p r i a t e  a n t i s e r u m  

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

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

d i l u t i o n  r a n g i n g  f r o m  l x i o 9 -  1 x 1 0 e  c e l l s / m l  w i t h  P B S  -  

T w e e n .  T h e n ,  t h e  m i x t u r e  w a s  a d d e d  t o  t h e  t e s t  w e l l  a s  

t h e  f i r s t  a n t i s e r u m  a n d  i n c u b a t e d  a t  30°c f o r  1 h .  T h e  

p r o t o c o l  o f  C O M - I N D - E L I S A  w a s  p e r f o r m e d  a c c o r d i n g  t o  

a s  d e s c r i b e d  i n  2 . 1 5  a n d  a l s o  s u m m a r i z e d  i n  F i g .  2 . 1 .

2 . 1 7  E x a m i n a t i o n  f o r  t h e  s p e c i f i c i t y  o f  a n t i s e r a  a g a i n s t  

s t r a i n  R 1 5 ,  R 1 7 ,  a n d  R 2 5

T h e  s p e c i f i c i t y  o f  a n t i s e r a  a n d  C O M - I N D - E L I S A  

f o r  d e t e c t i n g  c u l t u r e  a n t i g e n  o f  R 1 5 ,  R 1 7 ,  a n d  R 2 5  w e r e  

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

b a c t e r i a  a s  d e s c r i b e d  i n  2 . 1 6 .  T h e  f i r s t  a n t i s e r u m  w a s  

i n c u b a t e d  w i t h  2 . 5 x 1 0 s  c e l l s / m l  o f  t h e  n o n h o m o l o g o u s  o r  

r e l a t e d  s t r a i n  s u c h  a s  A . F S ,  A . 3 4 H ,  P . S p 7 ,  A . S p R G 2 0 ,  A .  

S p B r l 7 ,  A . a m a ,  K . o x y t o c a  N G 1 3 ,  K . p n e u m o n i a , P . H 8 ,  p .  

K L H 7 6  a n d  E .  c o l i  a t  30°c f o r  30 m i n .  T h e  E L I S A  v a l u e s

w e r e  d e t e c t e d  a n d  c h a n g e d  i n  t e r m s  o f  p e r c e n t a g e  o f
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F i g .  2 . 1  P r o t o c o l  o f  C O M - I N D - E L I S A

P l a t e  c o a t i n g  b y  c e l l s  a n t i g e n  1 0 0  p l / w e l l

C o a t i n g  a n t i g e n  

i n c u b a t i o n  t i m e  

5°c ,  o v e r n i g h t

w a s h e d  w i t h  P B S - T w e e n

a d d  1 0 0  p i  o f  s o l u b l e  t e s t e d  a n t i g e n  m i x e d  w i t h  a n t i s e r u m

A n t i b o d y  

i n c u b a t i o n  t i m e  

30°c ,  l h

\k
w a s h e d  w i t h  P B S - T w e e n

a d d  1 0 0  p i  o f  E n z y m e  l i n k e d  a n t i r a b b i t  i m m u n o g l o b u l i n

C o n j u g a t e d  

i n c u b a t i o n  t i m e  

37°c, 3h

\ k
w a s h e d  w i t h  P B S - T w e e n

a d d  1 0 0  p i  o f  1 m g / m l  p - n i t r o p h e n y 1 p h o s p h a t e

S u b s t r a t e  

i n c u b a t i o n  t i m e  

r o o m  t e m p e r a t u r e ,  5 0  m i n

R e a d  0 D 4 0 5  w i t h  i m m u n o a s s a y  r e a d e r
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c o m p e t i t i v e  b i n d i n g  a n d  c r o s s  -  r e a c t i o n  a s  s h o w n  i n  

T a b l e  2 . 1 .

T a b l e  2 . 1  E x a m p l e  f o r  c a l c u l a t i o n  o f  p e r  c e n t

c o m p e t i t i v e  b i n d i n g  a n d  p e r  c e n t  c r o s s - r e a c t i o n

S o l u b l e  a n t i g e n E L IS A  v a l u e p e r  c e n t  

b i n d i n g

p e r  c e n t  

c r o s s - r e a c t  i o n

N o a d d i t i o n  ( c o n t r o l ) 1.0 1 0 0 -

H o m o lo g o u s  a n t i g e n 0 . 3 2 5 6 7 . 5 1 0 0

R e l a t e d  s t r a i n 0 . 8 7 1 3 . 0 1 9 . 2 5

p e r  c e n t  c o m p e t i t i v e  b i n d i n g :

E L I S A  v a l u e  o f  ( c o n t r o l  -  t h e  t e s t e d  a n t i g e n )  x i o o  

E L I S A  v a l u e  o f  c o n t r o l

E L I S A  v a l u e s  o f  c o n t r o l  =  n o  a d d i t i o n  a n y  s o l u b l e  

a n t i g e n  i n  t h e  t e s t e d  w e l l s .

E L I S A  v a l u e s  o f  h o m o l o g o u s  a n t i g e n  =  E L I S A  v a l u e s  o f  

2 . 5 x 1 0 s  c e l l s / m l  o f  R 1 5 ,  R 1 7 ,  a n d  R 2 5 .

E L I S A  v a l u e s  o f  r e l a t e d  s t r a i n s  = E L I S A  v a l u e s  o f
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2 . 5 x 1 0 e  c e l l s / m l  o f  t h e  r e l a t e d  s t r a i n s ,  

p e r  c e n t  c r o s s  r e a c t i o n

p e r c e n t  c o m p e t i t i v e  b i n d i n g  o f  r e l a t e d  s t r a i n  x ioo 

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

2 . 1 8  S a l t  e f f e c t  o n  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  

b y  C O M - I N D - E L I S A

B a c t e r i a l  c e l l s  g r o w n  i n  d i f f e r e n t  s a l t  

c o n c e n t r a t i o n s  a s  d e s c r i b e d  i n  2 . 1 1  w e r e  c o l l e c t e d  a f t e r  

m e a s u r i n g  O D 4 2 0  a n d ,  c o l o n y  f o r m i n g  u n i t .  W a s h e d  c e l l s  

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

w a t e r  f o r  3 0  m i n ,  w a s h e d  a n d  r e s u s p e n d e d  t o  t h e  o r i g i n a l  

v o l u m e  w i t h  P B S - T w e e n .  B e f o r e  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  

b y  C O M - I N D - E L I S A  a s  d e s c r i b e d  i n  2 . 1 5 .

2 . 1 9  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  ( A R A )  A s s a y

N i t r o g e n - f i x i n g  a c t i v i t y  o f  r i c e  p l a n t  i n  

a s s o c i a t i o n  w i t h  b a c t e r i a  w a s  a s s a y e d  i n  a  3 0 x 2 0 0  mm 

t u b e ,  c o n t a i n i n g  3  r i c e  s e e d l i n g s  a n d  3 0  m l  m o d i f i e d  

W e a v e r  m e d i u m  m a d e  s e m i  s o l i d  w i t h  0 . 5 %  N o b l e  a g a r ,  a n d  

i n o c u l a t e d  w i t h  b a c t e r i a l  ( 2 - d a y - o l d  o f  5 x 1 0 s  c e l l s / m l ) .
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N o r m a l  s a l i n e  w a s  a d d e d  i n s t e a d  o f  b a c t e r i a  f o r  c o n t r o l  

t u b e s .  A f t e r  7  d a y s ,  t h e  c o t t o n  p l u g  w a s  r e p l a c e d  w i t h  

s t e r i l i z e d  r u b b e r  s t o p p e r  f i t t e d  w i t h  a  S u b a  S e a l  s e r u m  

s t o p p e r .  T w e l v e  r e p l i c a t e  t u b e s  w e r e  p e r f o r m e d  f o r  e a c h  

s e t  o f  e x p e r i m e n t a l  c o n d i t i o n .  F o r  e a c h  t u b e ,  1 0 %  

g a s - p h a s e  v o l u m e  w a s  r e p l a c e d  w i t h  a c e t y l e n e .  A t  z e r o  

t i m e ,  t h e  b a s e  l i n e  c o n c e n t r a t i o n  o f  € 2, H 2 a n d  Cz H A i n  

t h e  h e a d  s p a c e  v o l u m e  w a s  d e r t e r m i n e d  b y  d r a w i n g  l O O ^ i l  

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

i n j e c t e d  t o  a  V a r i a n  3 7 0 0  g a s  c h r o m a t o g r a p h ,  e q u i p p e d  

w i t h  a  P o r a p a k  N c o l u m n  ( 9 0 ° C ) a n d  f l a m e  -  i o n i z a t i o n  

d e t e c t o r  ( F I D )  u s i n g  3 0  m l . m i n  1 o f  o x y g e n  -  f r e e  

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

t u b e  w a s  f o l l o w e d  d u r i n g  0 - 1 4  d a y s  a n d  c a l c u l a t e d  i n  

p m o l e . g  r o o t  d r y  w e i g h t  1 b y  c o m p a r i n g  t h e  p e a k  h e i g h t  

w i t h  k n o w n  a m o u n t  o f  s t a n d a r d  Cz l i a a t  t h e  s a m e  r e t e n t i o n  

t i m e .

2 . 2 0  D e t e r m i n a t i o n  o f  p l a n t _______ v i g o r _______ i n d e x

( P u r u r s h o t h a m a n ,  1 9 8 7 )

A f t e r  e a c h  A R A  a s s a y ,  t h e  r i c e  p l a n t s  w e r e  

t a k e n  o u t  o f  t h e  t u b e  t o  m e a s u r e  t h e  l e n g h t  o f  s h o o t s

a n d  r o o t s  ( c m ) .  T h e  p l a n t  v i g o r  i n d e x  i s  t h e  l e n g h t  o f
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s h o o t  i n  c m  p l u s  r o o t  l e n g h t  i n  c m  a n d  m u l t i p l y  b y  % 

g e r m i n a t i o n  a s  s h o w n  i n  T a b l e  2 . 2 .  D i f f e r e n c e  i n  v i g o r  

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

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

a s s o c i a t i v e  n e t  v i g o r  i n d e x .

T a b l e  2 . 2 E x a m p l e  f o r c a l c u l a t i o n  o f  p l a n t v i g o r  i n d e x

c o n d i t i o n s h o o t r o o t  ^ g e r m i n a t i o n V i g o r  i n d e x

o f  r i c e l e n g h t l e n g h t

( c m  ) ( c m  ) ( c m . % )

i n o c u l a t e d 1 9 . 2 6 . 6  9 7 2 , 5 0 2

c o n t r o l 1 2 . 9 6 . 7  9 7 1 , 9 0 1

a s s o c i a t i v e  n e t  v i g o r  i n d e x 6 0 1

2 . 2 1  A p p l i c a t i o n  o f  C O M - I N D - E L I S A  f o r  q u a n t i t a t i o n  o f  

a s s o c i a t i v e  N -  f i x i n g  b a c t e r i a  o n  t h e  r i c e  r o o t

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

w e r e  w a s h e d  i n  P B S - T w e e n  t o  r e m o v e  t h e  m e d i u m  t h e n
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c h o p p e d  i n t o  s m a l l  p i e c e s  a n d  r e s u s p e n d e d  i n  3  m l  o f  

P B S - T w e e n .  T h e  r o o t s  w e r e  h e a t e d  i n  a  b o i l i n g  w a t e r  b a t h  

f o r  3 0  m i n  a n d  w a s h e d  t w i c e  w i t h  P B S  -  T w e e n  f o r  1 5  m i n .  

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

a n d  g r i n d e d  w i t h  a  g l a s s  r o d  a n d  t r a n s f e r r e d  t o  1 . 5  m l  

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

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

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

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

( 1 3 x 1 0 0  mm)  a s  s h o w n  i n  F i g .  2 . 2 .  A f t e r  c e n t r i f u g a t i o n  

f o r  2  m i n  a t  m a x i m u n  s p e e d  o f  a  t o p  b e n c h  c e n t r i f u g e ,  

P B S  -  T w e e n  w a s  a d d e d  f o r  t h e  s e c o n d  w a s h  a n d  

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

v o l u m e  1 m l  a n d  t h e  r o o t s  w e r e  t h e n  d r i e d  a t  60°c f o r  2 4  

h  a n d  w e i g h e d .

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  a s s o c i a t i v e  

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

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

r a n g i n g  f r o m  I x l O 9  -  1 x 1 0 s  c e l l s / m l  t h a t  w e r e  f i l t r a t e d  

t h r o u g h  t h e  m i c r o t u b e  s y s t e m  a s  d e s c r i b e d  a b o v e .  T h e n ,  

t h e  e l u a n t  w a s  c o n c e n t r a t e d  t o  t h e  s t a r t e d  v o l u m e  o f  1 m l

a n d  p r o c e e d  a s  d e s c r i b e d  i n  2 . 1 6 .
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R i c e  r o o t s
2  X  w a s h i n g
i n  P B S  T w e e n

A - 2 , 3

+ h o m o l o g o u s  a n t i s e r u m  
a n d  a d j u d t e d  t o  t h e  p r o p e r  
d i l u t i o n  w i t h  P B S 80°c u n t i l

------------------- ะ*-

c o n s t a n t  w e i g h t

เ
P B S  t o  

lm l

F i g u r e  2 . 2  P r o t o c o l  f o r  d e t e c t i o n  o f  a s s o c i a t i v e  b a c t e r i a
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