
C H A P T E R  3

R e s u l t s

3 . 1  G r o w t h  c h a r a c t e r i s t i c s  o f  R 1 5 ,  R 1 7  a n d  R 2 5

3 . 1 . 1 .  I n  N F  m e d i u m

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

m e a s u r i n g  t h e  o p t i c a l  d e n s i t y  a t  4 2 0  n m ,  a n d  c o l o n y ­

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

K l e b s i e l l a  s t r a i n s ,  R 1 5  a n d  R 1 7 ,  w e r e  c u l t u r e d  i n  N F  

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

c o n d i t i o n  a t  30°c,  w h e r e a s  A z o s p i r i l l u m  s t r a i n ,  R 2 5  w a s  

g r o w n  i n  N F  m e d i u m  w i t h  m a l a t e  a s  c a r b o n  s o u r c e  a t  30°c 

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

p a r a l l e l  w i t h  t h e  c u l t u r e  t u r b i d i t y  u n t i l  t h e  c u l t u r e  

r e a c h e d  s t a t i o n a r y  p h a s e .  G r o w t h  c u r v e s  w e r e  p l o t t e d  

b e t w e e n  c e l l  d e n s i t y  ( O D  4 2 0 )  o r  l o g  o f  c f u / m l  a n d  t i m e  

i n  h o u r  a s  s h o w n  i n  F i g .  3 . 1  a - c .  O D 4 2 0  a n d  c f u / m l  o f  

t h e  c u l t u r e  o f  R 1 5  a n d  R 1 7  i n c r e a s e d  u p  t o  a b o u t  7 h  a n d  

t h e n  O D 4 2 0  r e m a i n e d  c o n s t a n t ,  w h e r e a s ,  t h e  c f u / m l  

d e c l i n e d .  F o r  t h e  c u l t u r e  o f  R 2 5  s h o w e d ,  l o g  o f  c f u / m l  

i n c r e a s e d  u n t i l  a b o u t  2 4 h  a n d  t h e n  b e g a n  t o  d e c r e a s e .

F i g .  3 . 2  a - c  s h o w e d  l i n e a r  c o r r e l a t i o n  b e t w e e n  t h e



F i g u r e  3 . 1  G r o w t h  c u r v e s  o f  K l e b s i e l l a  R1 5 R 1 7  a n d

A z o s p i r i l l u m  R 2 5

B a c t e r i a  ( 3 %  i n o c u l u m )  w e r e  c u l t u r e d  i n  1 5 0  m l  

N F  m e d i u m  w i t h  r e c i p r o c a l  s h a k i n g  a t  30°c, e x c e p t  R 2 5  

w i t h o u t  s h a k i n g  a n d  3  m l  a l i q u o t  w a s  t a k e n  a t  i n t e r v a l s  

t o  m e a s u r e  O D 4 2 0  a n d  c f u  b y  p l a t e - c o u n t  m e t h o d .  T h r e e  

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

i n t e r v a l .  T h e  s y m b o l s  ( o ---------- O )  a r e  g r o w t h  m e a s u r e d  b y

p l a t e - c o u n t  m e t h o d  ( c f u / m l ) ,  a n d  (4r---------- A )  b y  o p t i c a l

d e n s i t y  ( O D 4 2 0 ) .

( a )  R 1 5  ( b )  R 1 7  ( c )  R 2 5
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F i g u r e  3 . 2  C o r r e l a t i o n  b e t w e e n  c o l o n y  f o r m i n g  u n i t  a n d  

o p t i c a l  d e n s i t y

T h e  l i n e a r  c o r r e l a t i o n  b e t w e e n  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  ( c f u )  h a s  b e e n  o b s e r v e d  i n  N F  m e d i u m  u p  t o  

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

( a )  R 1 5 ( b )  R 1 7 ( c )  R 2 5
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d i r e c t  c e l l  d e n s i t y  (OD 420) and c f u / m l  up t o  OD 2  1-0  

and c f u  i n  t h e  o r d e r  o f  10 9 c e l l s / m l ,  w h i c h  a r e  i n  t h e  

e a r l y  s t a t i o n a r y  p h a s e .  B e y o n d  t h i s  t i m e  p o i n t ,  a l a r g e  

number o f  c e l l s  c o u l d  be i n a c t i v e  and r e s u l t i n g  i n  t h e  

d r a s t i c  d e c r e a s e  i n  c o l o n y  f o r m i n g  a c t i v i t y .  T h e s e  

c u r v e s  were  a l s o  u s e d  as  s t a n d a r d  c u r v e s  t o  c o n v e r t  a 

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

c u r v e s ,  an OD 420 o f  1 .0  ( 1-cm l i g h t  p a t h )  o f  R15 ,  R17 

and R25 c o r r e s p o n d e d  t o  1 . 3 x 1 0 s , 7 . 0 x 1 0 s , and  4 . 0 x 1 0 s 

c e l l s / m l  r e s p e c t i v e l y .

3 . 1 . 2  I n  N F  a n d  RM m e d i u m  s u p p l e m e n t e d  w i t h  

v a r i o u s  c o n c e n t r a t i o n s  o f  N a C l

S i n c e  s a l i n e  s o i l  i s  one o f  t h e  s t r e s s  c o n d i t i o n  

f o r  g r o w i n g  r i c e ,  t h e  g r o w t h  p a t t e r n  o f  R15 ,  R17 and R25 

i n  n i t r o g e n  f r e e  medium c o n t a i n i n g  0 . 5  -  12.5% N a C l  (a s  

a model o f  non -  f e r t i l e  s a l i n e  s o i l )  and  r i c h  medium 

c o n t a i n i n g  2 . 5  -  15.0% N a C l  ( a s  a m o d e l  o f  f e r t i l e  

s a l i n e  s o i l )  were  i n v e s t i g a t e d .  T a b l e  3 . 1  shows t h a t  i n  

NF medium t h e  b e s t  s a l t  t o l e r a n t  s t r a i n  i s  R17 w h i c h  ca n  

grow i n  t h e  p r e s e n c e  o f  10% N a C l  and  showed t h e  maximum 

c e l l  d e n s i t y  o f  0 . 3 7  w i t h  t h e  d o u b l i n g  t i m e  o f  4 . 5  h .  In  

t h e  p r e s e n c e  o f  NF medium p l u s  7.5% N a C l ,  R15 r e a c h e d

t h e  maximum 0D420 o f  0 . 3 2 7  w i t h  d o u b l i n g  t i m e  6 . 4  h ,  and



Tab le  3.1  Growth ch aracter o f N2- f ix in g  b a c te r ia , R15, R17 and R25 in  

NF and RM medium co n ta in in g  variou s s a l t  co n ce n tra tio n s

C on d ition  

o f the  

c u ltu re  ( 

c e l l s

R15 R17 R25

jen eration  

tim e (h)

Max.OD* Generation  

tim e (h)

Max.OD G eneration  

tim e (h)

Max.OD

NF 0.5% NaCl 0.9 1.1 0.9 1.1 1.1 1.2

2.5% 1.3 ô. 95 0.9 0.93 2.5 1.1

5.0% 3.0 0.40 1.2 0.88 4.2 0.84

7.5% 6.4 0.327 1.9 0.63 6.8 0.49

10.0% - - 4.5 0.371 - -

12.5% - - - - - -

RM 2.5% NaCl 1.9 1.1 1.2 1.1 1.3 1.2

5.0% 2.6 0.96 1.6 0.98 1.6 0.83

7.5% 3.6 0.82 2.3 0.91 1.9 0.62

10.0% 6.0 0.68 3.1 0.73 2.3 0.439

12.5% 10.8 0.49 7.8 0.54 3.3 0.294

15.0% - - - - - -

Max.OD = Maximun O p tic a l d e n s ity  420 nm
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R25 t h e  maximum OD420 o f  0 . 4 9  w i t h  d o u b l i n g  t i m e  6 . 8 h ,  

r e s p e c t i v e l y  ( F i g .  3 . 3  a - c ) . In  r i c h  medium, R15 ,  R17

and R25 c o u l d  t o l e r a t e  N a C i  u p t o  t h e  c o n c e n t r a t i o n  o f  

12.5%, s h o w in g  t h e  maximum t u r b i d i t y  o f  0 . 4 9 ,  0 . 5 4  and  

0 . 2 9  w i t h  d o u b l i n g  t i m e  o f  1 0 . 8 ,  7 . 8  and  3 . 3 h  ( F i g  3 . 4  

a - c ) .  The  r e s u l t s  t h u s  show t h a t  R17, t h e  b e s t  n i t r o g e n  

f i x i n g  s t r a i n  i s o l a t e d  f ro m  t h e  s a l i n e  s o i l  a r e a  o f  

T a p r a ,  K h onkan  P r o v i n c e ,  c o u l d  t o l e r a t e  h i g h  s a l t  

c o n c e n t r a t i o n  s i g n i f i c a n t l y  b e t t e r  th a n  R15 an d  R25 i n  

b o t h  m e d ia .

3 . 2  P r e p a r a t i o n  o f  a n t i s e r u m  a g a i n s t  R15, R17 ,  a n d  R25

A n t i s e r a  a g a i n s t  R15 ,  R17, and R25 h a v e  been  

p r o d u c e d  i n  f e m a l e  New Z e a l a n d  w h i t e  r a b b i t s .  P r i m a r y  

i n j e c t i o n  was c a r r i e d  o u t  by  m i x i n g  an e q u a l  v o l u m e  o f  

b a c t e r i a l  s u s p e n s i o n  ( c a  l x i o 9 c e l l s / m l )  w i t h  F r e u n d ’ s 

c o m p l e t e  a d j u v a n t  and i n j e c t e d  i n t r a m u s c u l a r y  (IM) i n  

t h e  h i n d  l e g s .  F o u r  weeks  l a t e r ,  i n t r a v e n o u s  ( IV )

b o o s t e r  was w e e k l y  i n j e c t e d  i n t o  t h e  e a r  v e i n  a f t e r  a 

few ml b l e e d i n g  t o  c h e c k  t h e  se rum  t i t e r .  T h e  h i g h  

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  were  

d e t e c t e d  a t  t h e  10t h , 10tH and  2 0 th  weeks  f o r  R15 ,  R17

and R25, r e s p e c t i v e l y  ( F i g .  3 . 5  a - c ) .  T h e  m a s s i v e



NF-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  NaCl

B a c t e r i a  were grown in  NF medium c o n t a i n i n g  NaCl 

(0 .5  -  12.5%) w i t h  r e c i p r o c a l  s h a k in g  a t  3 0 ° c ,  e x cep t

R25 w i th o u t  s h a k in g  and 3 ml a l i q u o t  was t a k en  a t  

i n t e r v a l s  t o  measure 0D420. Three  r e p l i c a t i v e  

measurements were c a r r i e d  out  a t  each t im e  i n t e r v a l .

F i g u r e  3 . 3  G r o w t h  p a t t e r n  o f  R 1 5 ,  R17  a n d  R2 5  i n

( o— — 0 ) NF c o n t a i n i n g 0.5% NaCl

( A— — A ) NF c o n t a i n i n g 2.5% NaCl

( □— —อ ) NF c o n t a i n i n g 5.0% NaCl

( •— — • ) NF c o n t a i n i n g 7.5% NaCl

( A---— A ) NF c o n t a i n i n g o o 'ริ* NaC l

( ■— — ■ ) NF c o n t a i n i n g 12.5% NaCl

(a) R15 (๖) R17 (c)  R25
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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

B a c t e r i a  were grown in  RM medium c o n t a i n i n g  NaCl 

(2 .5  -  15.0%) w i t h  r e c i p r o c a l  s h ak in g  a t  30°c ,  e x ce p t

R25 w i t h o u t  s h a k in g  and 3 ml a l i q u o t  was ta k en  a t  

i n t e r v a l s  t o  measure OD420. Three  r e p l i c a t i v e  

measurements were c a r r i e d  out  a t  each t im e  i n t e r v a l .

F i g u r e  3 . 4  Growth  p a t t e r n  o f  R15, R17 a n d  R25 in

(O--- ---๐ ) RM c o n t a i n i n g 2. 5% NaCl

( 4— ---A ) RM c o n t a i n i n g 5. 0% NaCl

(□— ---□ ) RM c o n t a in in g 7. 5% NaCl

<•— ---• ) RM c o n t a i n i n g 10 . 0% NaCl

(A------A ) RM c o n t a in in g 12 .5% NaCl

(■------■ ) RM c o n t a i n i n g 15 . 0% NaCl

(a) R15 (b) R17 (c) R25
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F i g u r e  3 . 5 I m m u n i z a t i o n  scheme a n d  a n t i s e r a  t i t e r

a g a n i s t  R15, R17 and R25

The f i r s t  i n j e c t i o n ,  c o n t a i n i n g  a m ix t u r e  o f  0 .5  

ml o f  hea ted  a n t ig e n s  in  normal s a l i n e  <109 c e l l s / m l )  

and 0 .5  ml o f  comp le te  ad ju van t  m ix t u r e  i s  i n j e c t e d  v i a  

IM. The w eek ly  i n j e c t i o n  c o n t a i n i n g  0 .5  ml o f  c e l l  i n  

norma l s a l i n e  su sp en s ion  ( I x lO 9 c e l l s / m l )  i s  i n j e c t e d  

i n t o  ea r  v e i n  a f t e r  b lo od  sam p l in g .  A n t ib o d y  t i t e r  o f  

th e  serum was de te rm ined  by a g g l u t i n a t i o n  t e s t .

( a )  R15 (b)  R17 ( c )  R25
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a n t i s e r a  were then  c o l l e c t e d  and used t h r o u g h o u t  th e  

s t u d y .  On ly  one o f  the  two r a b b i t s  i n j e c t e d  f o r  R15 and 

one o f  t h e  f o u r  r a b b i t s  f o r  R17 and R25 gave 

s a t i s f a c t o r y  h ig h  t i t e r .

3 .3  I n d i r e c t  immuno f luo rescence  a n t ib o d y  (IND-FA)

3 . 3 .1  O p t im i z a t i o n  and S p e c i f i c i t y

A n t i s e r a  a g a in s t  R15, R17, and R25 were used as 

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

a n t i b o d y  t e c h n iq u e ,  i n  wh ich  th e  com m erc ia l  

F I T C - c o n ju g a te d  goat  a n t i r a b b i t  im m unog lobu l in  was used 

as t h e  second  a n t ib o d y .  F i g .  3 .6  shows c e l l  a n t i g e n s  

c o a ted  on th e  g l a s s  s l i d e ,  a f t e r  r e a c t e d  w i t h  the  

homologous a n t ib o d y ,  and F IT C - c o n ju g a te d  goa t  a n t i r a b b i t  

im m unog lobu l in  r e s u l t  in  b r i g h t  - g reen  f l u o r e s c e n t

a n t i g e n - a n t i b o d y  complex when v iewed  under  an

e p i f l u o r e s c e n c e  m ic ro scope .

F o r  s a v in g ,  the  minimum c o n c e n t r a t i o n  o f  c e l l  

a n t i g e n s  and i t s  an t i s e rum  which s t i l l  m a in t a in e d  h ig h  

f l u o r e s c e n t  i n t e n s i t y  were d e te rm in ed .  T a b le  3 .2

i n d i c a t e s  t h a t  l x i o 7 c e l l s / m l  o f  c e l l  a n t i g e n  and th e

homologous a n t i s e r a  o f  1:100 d i l u t i o n  were t h e  minimum



F i g u r e  3 .6  F l u o r e s c e n t  m ic rog raph s  o f  R15, R17 and

in  v a r i o u s  c o n c e n t r a t i o n s  o f  NaCl
»

C u l t u r e  (3% inocu lum) were grown in  NF and 

media  c o n t a i n i n g  v a r i o u s  s a l t  c o n c e n t r a t i o n s ,  u s in g  

NF medium c o n t a i n i n g  0.5% NaCl as t h e  c o n t r o l ,  

p ro c e d u re  o f  c h e c k in g  the  c e l l  s u r f a c e  a n t ig e n  

d e s c r i b e d  in  Method 2.10 and 2 .11 .

R25

RM

the

The

was

( a )  R15 (b) R17 ( c )  R25
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R15 in  NF medium R15 i n  RM medium c o n t a i n i n g  NaCl 7.
( c o n t r o l )

< 1:> ) R 1 7

R17 i n  NF medium R17 in  NF medium c o n t a i n i n g  NaCl 7 . ธร
(c o n t r o l )



R25 in  NF medium 
( c o n t r o l )

R25 i n RM medium c o n t a i n i n g  NaC l 5.0%



Table 3 .2  Opt imization  of coat ing an t igens  and a n t i s e r a  c onc en t ra t ions
fo r  ind irec t  immunofluorescence

C e l l  Antisera d i lu t io n

concentration 

(ท=12)

1:25 1:50 1: 100 is:200 *

R15 R17 R25 R15 R17 R25 R15 R17 R25 R15 R17 R25

lxio"7 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 3+ 3+ 2+

1x10s 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 3+

lx io 9 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
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c o n c e n t r a t i o n  s u i t a b l e  f o r  th e  pu rpose  and t h e r e f o r e  

were used i n  most o f  t h e  subsequen t  e xpe r im en t s .

The s p e c i f i c i t y  o f  IND-FA was d e te rm ined  by 

c r o s s  -  r e a c t i o n  o f  each an t i s e ru m  w i t h  o t h e r  13 

non-homologous r e l a t e d  s t r a i n s  o f  b a c t e r i a l  a n t i g e n s ,  

bo th  hea ted  and unheated .  A l l  t h r e e  s t r a i n s  (R15, R17

and R25) gave maximal 4+ f l u o r e s c e n t  i n t e n s i t y  w i t h  i t s  

homologous a n t i s e ru m ,  bu t  s t r a i n s  R15 and R17 c o u ld  not  

be d i s t i n g u i s h e d  by IND-FA method. Both  s t r a i n s  a re  more 

c l o s e l y  r e l a t e d  t o  K . o x y to c a  NG13 than  o t h e r  genera  

t e s t e d  (Tab le  3 . 3 ) .  s t r a i n  R17 shows s p a r s e l y  

s e l o r o g i c a l  r e l a t i o n s h i p  w i t h  A z o s p i r i 1 lum spp. (A. R25, 

A. FS and A. 34H), as shown by FA grade 1+ in  unheated 

c e l l s .  S t r a i n  R25 s t r o n g l y  c r o s s  r e a c t s  w i t h  unheated  A. 

FS and A. 34H but  l e s s e n in g  f l u o r e s c e n t  i n t e n s i t y  w i th  

hea ted  c e l l  a n t i g e n s .  T h i s  r e s u l t  su gge s t s  t h a t  heat  

t r e a tm e n t  o f  c e l l s  a n t i g e n  s h o u ld  in c r e a s e  the

s p e c i f i c i t y  o f  th e  a n t i g e n  -  a n t ib o d y  r e a c t i o n  f o r  a l l  

s t r a i n s .  Thus, c e l l  a n t i g e n s  were hea ted  b e f o r e  use in  

f u t u r e  e x pe r im en t s .

3 . 3 .2  S a l t  e f f e c t  on im m uno f lu o re s cen t  i n t e n s i t y

From the  p r e l im i n a r y  s tu d y  on growth
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Table 3.3 C ro ss -re a c t iv ity  of an tise ra  against R15, R17 and R25 with 

nonhomologous heated and unheated antigens by IND-FA technique

Each b a c te r ia l tested  antigen was cu lt iv a ted  from NF medium 

and adjusted to  the f in a l concentration of 2.5x10s ce l ls /m l in normal 

sa lin e .

Tested

antigen K.

Species,

R15

an tise ra  -  FA tested

K. R17 A. R25

(ท=8) unheated heated unheated heated unheated heated

K. R15 4+ 4+ 4+ 4+ ND ND

K. R17 4+ 4+ 4+ 4+ ND ND

A. R25 ND ND 1+ ND 4+ 4+

K. oxytoca NG13 3+ 2+ 3+ 2+ ND ND

K. pneumoniae M5al ND ND ND ND ND ND

A. FS ND ND 1+ ND 3+ 2-F

A. 34H ND ND 1+ ND 3+ 2+

A. Sp7 ND ND ND ND ND ND

A. SpRG20 ND ND ND ND ND ND

A. SpBrl7 ND ND ND ND ND ND

P. H8 ND ND ND ND ND ND

P. KLH 76 ND ND ND ND ND ND

E. c o l i ND ND ND ND ND ND

(ND) ind ica tes no fluorescent in ten s ity  is  detected.
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c o lo n i e s a n d  d i f f e r e n t  c e l l  morpho logy  ( F i g .  3 .6)  were 

ob se rved  in  h ig h  s a l t  c o n c e n t r a t i o n .  The e f f e c t  o f  s a l t  

on th e  s e n t i v i t y  o f  IND-FA in  s t r a i n  i d e n t i f i c a t i o n  was 

t h e r e f o r e  t e s t e d .  A n t i s e r a  (1 :100 d i l u t i o n )  was used t o  

r e a c t  w i t h  homologous a n t i g e n s  wh ich  had been c u l t u r e d  

in  e i t h e r  NF o r  RM medium supp lemented  w i t h  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 a b le  3 .4  showed t h a t  the  

f l u o r e s c e n t  i n t e n s i t y  were d e c re a s ed  in  h ig h e r  s a l t  

c o n c e n t r a t i o n  (not  l e s s  than  2.5% N a C l ) ,  bu t  in  r i c h  

medium, th e  p re sen ce  o f  NaCl showed l e s s  e f f e c t  on 

f l u o r e s e n t  i n t e n s i t y  e x cep t  f o r  R17, wh ich  i s  th e  b e s t  

s a l t  t o l e r a n t  s t r a i n  among d i a z o t r o p h s  t e s t e d .  T h i s  

r e s u l t  i n d i c a t e s  t h a t  d i f f e r e n c e s  in  media and s a l t  

c o n c e n t r a t i o n  bo th  a f f e c t  t h e  s e n s i t i v i t y  o f  s t r a i n  

i d e n t i f i c a t i o n  by im m uno f luo re scence  method.

3 .4  D e t e rm in 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  on 

th e  r i c e  r o o t  by im m uno f luo re scence

3 .4 .1  One hour a d s o r p t i o n

In t h i s  e x p e r im en t ,  N2- f i x i n g  b a c t e r i a ,  R15, R17 

and R25 were v a r i e d  i n  th e  o r d e r  o f  107 , 10s and IQ9

c h a r a c t e r i s t i c s  o f  R15, R17, a n d  R25, s m a l l e r

c e l l s / o n e  ml o f  PBS and 1 ml o f  each c u l t u r e  was
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Table 3.4 S a lt  e f fec t  on imunofluorescent in ten s ity

Each cu ltu re  was cu lt iv a ted  from various s a lt  condition and 

adjusted to  f in a l concentration of lx io 7 ce lls /m l in  normal sa lin e .

Condition of 

the cu ltu re  

c e l ls

N itrogen -fix ing  B ac te r ia l (lxio7), antisëra-FA tested

K. R15 K. R17 A.R25

NF (0.5% NaCl) 4+ 4+ 4+

2.5% NaCl 3+ 1+ 2+

5.0% NaCl 1+ 1+ 2+

7.5% NaCl 2+ 1+ 2+

10.0% NaCl 1+ 3+ 2+

RM (2.5% NaCl) 4+ 2+ 3+

5.0% NaCl 2+ 1+ 3+

7.5% NaCl 3+ 2+ 4+

10.0% NaCl 4+ 3+ 4+

12.5% NaCl 4+ 3+ 3+

15.0% NaCl - - 3+

(-) ind icates no cu ltu re  growth is  detected
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i n c u b a t e d  w i th  r o o t s  ( cu t  i n t o  p i e c e s  about 1 cm long)  

o f  3 r i c e  s e e d l i n g s  ( 2 - d a y - o ld )  f o r  1 h as d e s c r i b e d  in  

Methods 2 -13.  Tab le  3 .5  i n d i c a t e s  t h a t  when th e  inocu lum  

s i z e  o f  107 c e l l s / 3  p l a n t s  o f  R15, R17 and R25 were 

used ,  f l u o r e s c e n t  a n t ig e n s  c o u ld  not  be d e t e c t e d  i n  any 

r i c e  v a r i e t i e s  t e s t e d .  At  inocu lum  s i z e  o f  10s c e l l s  o f  

t h e s e  b a c t e r i a ,  p o s i t i v e  im m uno f luo re scen t  r e a c t i o n  can 

be d e t e c t e d  in  th e  r o o t  o f  r i c e  RD7, whereas RD5 shows 

th e  p o s i t i v e  c o l o n i z a t i o n  o n ly  when i n o c u l a t e d  w i t h  R17 

and R25. At th e  inocu lum  s i z e  o f  l x i o 9 c e l l s ,  

c o l o n i z a t i o n  o f  f l u o r e s c e n t  s t a i n e d  R15, R17 and R25, 

were d e t e c t e d  in  4 v a r i e t i e s  o f  r i c e ;  RD5, RD7, RD25 and 

SPT, whereas RD6, RD23, LPT, and KDML, f a i l e d  t o  p roduce  

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

a n t i s e r a  1:100. T h i s  r e s u l t  i n d i c a t e s  t h a t  RD7 i s  the  

b e s t  h o s t - p l a n t  among 8 c u l t i v a r s  t e s t e d  f o r  ( l h )  

c o l o n i z a t i o n  by th e  3 N - f i x i n g  s t r a i n s  t e s t e d ,  and th e  

inocu lum  s i z e  s h o u ld  no t  be l e s s  than  109 c e l l s / m l  under 

t h i s  c o n d i t i o n .

3 . 4 .2  Long term a s s o c i a t i o n

Long term a s s o c i a t i o n  was conduc ted  in  

s e m i - s o l i d  medium ( d e f i c i e n t  i n  n i t r o g e n )  f o r  15 days ,  

and 5x10s c e l I s / i n o c u l u m  was s e l e c t e d .  A f t e r  2, 7 and 12
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Table 3.5 Detection of N2- f ix in g  bacte ria , R15, R17 and R25 adhered 

on the r ic e  roots by IND-FA

Rice root B a c te r ia l inoculum (cel ls/ml)

v a r ie t ie s K. R15 K. R17 A. R25

(2-days-old) IQ7 10s 1C)9 107 10s 109 107 108 109

(ท=12) Immunofluorescent reaction  o f washed roots a fte r  lh

RD5 - - + - + + - + +

RD6 - - - - - - - - -

RD7 - + + - + + - + +

RD23 - - - - - - - - -

RD25 - - + - - + - - +

LPT - - - - - - - - -

SPT - - + - - + - - +

KDML - - - - - - - - -

Symbols (+) p o s it iv e  te s t 

(-) negative te s t

A p o s it iv e  reaction  is  ind icated by b r i l l i a n t  yellow  green 

bacte ria  on the dark background and negative reaction  is  ind icated  by 

no fluoresent la be lle d  bacte ria .
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d a y s  o f  i n o c u l a t i o n ,  t h e  r o o t s  o f  3 p l a n t s  were  c u t  o f f  

and e x t r a c t e d  f o r  a s s o c i a t i v e  b a c t e r i a  a s  d e s c r i b e d  i n  

M e th o d s  2 . 1 4  t o  e l i m i n a t e  t h e  r i c e  d e b r i s  

a u t o f l u o r e s c e n c e .  T a b l e  3 . 6  shows t h e  d e g r e e  o f  

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

f ro m  t h e  r i c e  r o o t  a t  2,  7 ,  a n d  12 d a y s  a f t e r  i n o c u l u m .  

The  r e s u l t s  show t h a t ,  2 d a y s  a f t e r  i n o c u l a t i o n ,  t h e  

c o l o n i z a t i o n  o f  f l u o r e s c e n t  s t a i n e d  b a c t r i a  were  

d e t e c t e d  i n  RD7 and SPT f o r  R 15 ,  R17 and R25 w h e r e a s  RD5 

was p o s i t i v e  o n l y  w i t h  R17 and  R25 .  A f t e r  7 d a y s ,  t h e  

p o s i t i v e  r e a c t i o n  were  o b s e r v e d  i n  RD5, RD7 RD25 and SPT  

f o r  a l l  t h r e e  b a c t e r i a l  s t r a i n s .  A f t e r  12 d a y s  o f  

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

i n t e n s i t y  were f o u n d  i n  RD5, RD7, RD25, LPT  and  SPT f o r  

a l l  s t r a i n s ,  w h e re a s  RD6 shows p o s i t i v e  r e a c t i o n  o n l y  

w i t h  R25. T h u s ,  RD7 and SPT w ere  t h e  most  e f f e c t i v e  r i c e  

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

b a c t e r i a .  RD5 and RD25 w ere  t h e  r u n n e r - u p ,  w h e r e a s  KDML 

was n o t  a p p r o p i a t e d  f o r  R15, R17 and  R25 s y s t e m .

3 . 5  D e v e l o p m e n t  o f  I N D - E L I S A  m eth od

The I N D - E L I S A  f o r  t h e  d e t e r m i n a t i o n  o f  R15, R17,

and R25 have  b een  d e v e l o p e d  by  a d d i n g  t h e  t e s t  a n t i s e r u m
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Table 3.6 Detection of  N2- f i x i n g  b a c t e r ia ,  R15, R17 and R25

assoc ia ted  with r i c e  roots  by IND-FA

inoculated with ______________________________________________

5x10s c e l ls/ tu b e  R15 R17 R25

(ท=9) 2d 7d 12d 2d 7d 12d 2d 7d 12d

Immunofluorescent re a c t io n  of  a ssoc ia ted  b a c t e r ia

RD 5 — + + + + + + + +

RD 6 _ _ _ _ _ _ _  _ _  +

RD 7 + + + +  + + +  + +

RD 23 _ _ _ _ _ _ _ _ _

RD 25 — + 4- — + + — — +

LPT +

SPT + + + + + + + + +

KDML _ _ _  -  -  -  _ _ _

A p o s i t i v e  re a c t io n  i s  in d ica ted  by b r i l l i a n t  yel low green 

b a c t e r ia  on the dark background and negat ive r e a c t io n  i s  in d icated  by

Symbols (+) p o s i t i v e  t e s t  

(-) negat ive t e s t

no f luoresent  la b e l le d  b ac te r ia .



F i g u r e  3 . 7 O p t i m u m  d i l u t i o n  o f  a n t i - R 1 5  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 Jill o f  a n t i g e n  i n  

t h e  c o n c e n t r a t i o n  r a n g e  o f  10s -  109 c e l l s / m l  and  

i n c u b a t e d  o v e r n i g h t  a t  5°c .  T h e  t i t e r  o f  t h e  f i r s t

a n t i s e r u m  was v a r i e d  f ro m  (O-----O) 1 : 1 2 , 8 0 0 ,  ( A --------- A )

1 : 2 5 , 6 0 0 ,  (O-------- □ )  1 : 5 1 , 2 0 0 ,  (•-------• ) 1 : 1 0 2 , 4 0 0 ,  and

( *------- * ) non - im m une s e r u m ,  and  i n c u b a t e d  w i t h  c o a t i n g

a n t i g e n s  a t  3 0 ° c  f o r  l h .  T h e  s e c o n d  a n t i b o d y  was f i x e d  

a t  t h e  d i l u t i o n  o f  1 : 1 , 5 0 0 ,  i n c u b a t e d  a t  3 7 ° c  f o r  3h and  

t h e  e n z y m a t i c  r e a c t i o n  was p r o c e e d e d  f o r  50 min a t  room 

t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean o f  8 r e p l i c a t e s .
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t o  a p o l y s t y r e n e  m i c r o t i t e r  p l a t e  w h i c h  h a s  b een  

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

A c o n j u g a t e  o f  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  c h e m i c a l l y  

l i n k e d  t o  t h e  a l k a l i n e  -  p h o s p h a t a s e  and t h e  amount o f  

enzyme -  l a b e l l e d  a n t i b o d y  was e s t i m a t e d  by  a d d i t i o n  o f  

s u b s t r a t e ,  p - n i t r o p h e n o l  p h o s p h a t e .  A f t e r  t h e  y e l l o w  

c o l o r a t i o n  o f  t h e  p o s i t i v e  w e l l s  had  d e v e l o p e d ,  t h e  

r e a c t i o n  was s t o p p e d  and t h e  a b s o r b a n c e  a t  405 nm was 

m e a s u r e d .

3 . 5 . 1  Optimum 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 a

To d e t e r m i n e  t h e  a p p r o p r i a t e  d i l u t i o n  ( t i t e r )  o f  

t h e  f i r s t  a n t i b o d y ,  t h e  c o n c e n t r a t i o n  o f  h o m o lo g o u s  

a n t i g e n s  were  f i x e d  i n  t h e  r a n g e  o f  l x i o 9 -  1x10e 

c e l l s / m l .  100 u l  o f  a n t i g e n s  were  u s e d  f o r  c o a t i n g  t h e  

w e l l  o v e r n i g h t ,  t h e n  100 u l  o f  t h e  f i r s t  a n t i b o d y  was 

a d d e d  a t  v a r i o u s  d i l u t i o n s ,  and f o l l o w e d  by  100 u l  

( 1 : 1 , 5 0 0 )  o f  t h e  s e c o n d  a n t i b o d y  and t h e  s u b s t r a t e .  The  

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

d i l u t i o n s  o f  a n t i  R15 ,  R17, and  R25 w ere  c o m p a r e d  w i t h  

t h a t  o b t a i n e d  when p r e i m m u n i z e d  s e r a  o f  t h e  same r a b b i t  

were  u s e d  ( F i g .  3 . 7 ,  3 . 8  and 3 . 9 ) .  The  w o r k i n g  d i l u t i o n  

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

shows c o r r e l a t i o n  b e tw ee n  t h e  c o n c e n t r a t i o n  o f  c o a t i n g
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F i g u r e  3 . 8 O p t i m u m  d i l u t i o n  o f  a n t i - R 1 7  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 jul o f  a n t i g e n  

h a v i n g  t h e  c o n c e n t r a t i o n  r a n g e  o f  10e -  109 c e l l s / m l  and  

i n c u b a t e d  o v e r n i g h t  a t  5 ° c .  T h e  t i t e r  o f  t h e  f i r s t

a n t i s e r u m  was v a r i e d  f rom  (O-----O )  1 : 6 , 4 0 0 ,  ( A --------A )

1: 1 2 , 8 0 0 ,  <□---- □  ) 1 : 2 5 , 6 0 0 ,  (•------ • ) 1 : 5 1 , 2 0 0 ,  a n d ( A  A )

non-Immune s e r u m ,  and i n c u b a t e d  w i t h  c o a t i n g  a n t i g e n s  

a t  30°c f o r  l h .  The  s e c o n d  a n t i b o d y  was f i x e d  a t  t h e  

d i l u t i o n  o f  1 : 1 , 5 0 0 ,  i n c u b a t e d  a t  3 7 ° c  f o r  3h and  t h e  

e n z y m a t i c  r e a c t i o n  was p r o c e e d e d  f o r  50 min a t  room 

t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean o f  8 r e p l i c a t e s .



4
0

5
7 2

C e l l  c o n c e n t r a t i o n  ( c e l l s / m l )



F i g u r e  3 . 9  O p t i m u m  d i l u t i o n  o f  a n t i - R 2 5  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 ^il o f  a n t i g e n  

h a v i n g  t h e  c o n c e n t r a t i o n  r a n g e  o f  10*3 -  10s c e l l s / m l  and  

i n c u b a t e d  o v e r n i g h t  a t  5 ° c .  T h e  t i t e r  o f  t h e  f i r s t

a n t i s e r u m  was v a r i e d  f rom  (O------- 0 ) 1 : 6 , 4 0 0 ,  ( 4r -A )

1: 1 2 , 8 0 0 ,  (O-----O)  1 : 2 5 , 6 0 0 ,  (•------• > 1 : 5 1 , 2 0 0 ,  <A-------A )

1: 1 0 2 ,4 0 0  and (I ) non- im m une s e r u m ,  a n d  i n c u b a t e d

w i t h  c o a t i n g  a n t i g e n s  a t  30°c  f o r  l h .  T h e  s e c o n d  

a n t i b o d y  was f i x e d  a t  t h e  d i l u t i o n  o f  1 : 1 , 5 0 0 ,  i n c u b a t e d  

a t  3 7 ° c  f o r  3h and t h e  e n z y m a t i c  r e a c t i o n  was p r o c e e d e d  

f o r  50 min a t  room t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean

o f  8 r e p l i c a t e s .
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a n t i g e n  and OD405, w h i c h  s h o u l d  be  i n  t h e  r a n g e  o f  1 . 0  -  

1 . 5 .  By t h e s e  c r i t e r i a ,  t h e  w o r k i n g  t i t e r  o f  a n t i  R15,  

R 1 7 , and R25 a r e  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 .

3 . 5 . 2  Optimum 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  

From p r e l i m i n a r y  s t u d y ,  when t h e  c o n c e n t r a 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 l o w e r  t h a n  

1 : 1 , 0 0 0 ,  t h e  OD405 v a l u e s  w o u ld  a p p r o a c h  2 . 0  w i t h i n  v e r y  

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

d i l u t i o n  o f  t h e  c o n j u g a t e  has  t h e n  b een  v a r i e d  b e tw e e n  

1 : 1 , 5 0 0  and 1 : 2 , 5 0 0 .  F i g .  3 . 1 0  a - c  shows t h a t  t h e  

optimum d i l u t i o n  o f  t h e  c o n j u g a t e  was 1 :1 5 0 0  f o r  a l l  

a n t i s e r a ,  s i n c e  t h i s  d i l u t i o n  y i e l d s  t h e  a c c e p t a b l e  

a b s o r b a n c e  v a l u e s  (OD405 = 1 .0  -  1 . 5 ) .

3 . 5 . 3  O p t i m i z a t i o n  o f  a n t i s e r u m  i n c u b a t i o n  t i m e  

T h e  r e s u l t s  i n  F i g . 3 . 1 1  a - c  i n d i c a t e  t h a t  t h e

a n t i s e r u m  i n c u b a t i o n  t i m e  o f  0 . 5  h and o v e r n i g h t  (12 h) 

g a v e  t o o  low and  t o o  h i g h  a b s o r b a n c e  w h e r e a s  1 . 0 ,  2 . 0 ,

and 3 . 0  h show r e s u l t s  i n  a c c e p t a b l e  p e r i o d ,  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 .  F i g . 3 . 1 2  i s  t h e  r e p l o t  o f  E L I S A  

v a l u e s  (OD405 = 1 . 0 - 1 . 5 )  a t  f i x e d  a n t i g e n s

c o n c e n t r a t i o n s  o f  6 . 7 5 X 1 0 7 , 3 . 3 8 X 1 0 7 a n d  1 . 6 7 X 1 Q 7



i

F i g u r e  3 . 1 0  Optimum d i l u t i o n  o f  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  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 J i l  o f  a n t i g e n ,  

(a)  R 1 5 , (b) R17 and (c)  R25 i n  t h e  c o n c e n t r a t i o n

r a n g e d  o f  10e -  109 c e l l s / m l  a n d  i n c u b a t e d  o v e r n i g h t  a t  

5 ° c .  T h e  t i t e r  o f  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 .  I n c u b a t e d  was a t

3 0 ° c  f o r  l h .  T h e  s e c o n d  a n t i b o d y  was v a r i e d  a t  (•---------• )

1: 1 , 5 0 0  and (à-------- A )  1 : 2 , 5 0 0 .  F u r t h e r  i n c u b a t i o n  was a t

3 7 ° c  f o r  3h and t h e  e n z y m a t i c  r e a c t i o n  was c o n d u c t e d  f o r  

50 min a t  room t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean o f  8 

r e p l i c a t e s .
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F i g u r e  3 . 1 1 O p t i m u m  i n c u b a t i o n  t i m e  o f  t h e  f i r s t

a n t i b o d y  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 / d l  o f  a n t i g e n ,  

(a)  R15, (b) R17 and (c)  R25 i n  t h e  c o n c e n t r a t i o n  r a n g e

o f  10*3 -  109 c e l l s / m l ,  i n c u b a t e d  a t  5 ° c  o v e r n i g h t .  The  

t i t e r  o f  a n t i - R 1 5 ,  R17 and R25 were  1 : 2 5 , 6 0 0 ,  1 : 2 5 , 6 0 0

and  5 1 , 2 0 0  r e s p e c t i v e l y ,  and t h e  i n c u b a t i o n  t i m e  was 

v a r i e d  f ro m  0 . 5 ,  1 . 0 ,  2 . 0 ,  3 . oh a t  3 0 ° c  and o v e r n i g h t  a t  

5 ° c .  The  t i t e r  o f  s e c o n d  a n t i b o d y  was f i x e d  a t  1 : 1 , 5 0 0 .  

F u r t h e r  i n c u b a t i o n  was a t  3 7 ° c  f o r  3 h ,  and t h e  e n z y m a t i c  

r e a c t i o n  was c o n d u c t e d  f o r  50 min a t  room t e m p e r a t u r e .  

E a c h  p o i n t  i s  t h e  mean o f  8 r e p l i c a t e s .  The  s y m b o l s  o f

t h e  f i r s t  a n t i s e r u m  i n c u b a t i o n  t i m e  a t  3 0 ° c  a r e  (O----- O )

0 . 5 ,  (4------A) 1 . 0 ,  (□-----□  ) 2 . 0 ,  (•------• ) 3 . Oh and  (A------- A )

o v e r n i g h t  a t  5°c.
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F i g u r e  3 . 1 2 S a t u r a t i o n  o f  t h e  b i n d i n g  o f  a n t i - R 1 5 R 1 7

and R25 t o  t h e  c o a t e d  a n t i g e n s

B i n d i n g  k i n e t i c s  o f  a n t i - R 1 5  (O— O ) ,  R17 (A----- A )

and R25 (□-----□ )  t o  t h e i r  h o m o lo g o u s  c o a t i n g  a n t i g e n s '  a t

t h e  s e l e c t e d  c o n c e n t r a t i o n  o f  6 . 7 5 X 1 0 7 , 3 . 3 8 x l 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 ,  a c c o r d i n g  t o  F i g .  3 . 1 1 .
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c e l l s / m l  f o r  R15 ,  R17, and R25, r e s p e c t i v e l y  v e r s u s  t h e  

i n c u b a t i o n  t i m e .  I t  was shown t h a t  1 h was t h e  s h o r t e s t  

i n c u b a t i o n  t i m e  t o  a t t a i n  i m m u n o l o g i c a l  e q u i l i b r i u m .

3 . 5 . 4  O p t i m i z a t i o n  o f  c o n j u g a t e  i n c u b a t i o n  t i m e  

C o n j u g a t e  i n c u b a t i o n  p e r i o d  was v a r i e d  as

p e r f o r m e d  w i t h  t h e  f i r s t  a n t i b o d y .  F i g .  3 . 1 3  a - c  shows  

t h a t  3 . 0  h was t h e  opt imum i n c u b a t i o n  t i m e  t o  o b t a i n  

a c c e p t a b l e  0D405.  The  r e l a t i o n s h i p  b etw een  E L I S A  v a l u e s  

a t  f i x e d  a n t i g e n s ’ c o n c e n t r a t i o n  o f  6 . 7 5 x l 0 7 , 3 . 3 8 X 1 0 7

and  1 . 6 9 X 1 0 7 c e l l s / m l  f o r  R15, R17, and  R25,

r e s p e c t i v e l y  and i n c u b a t i o n  t i m e  shown i n  F i g . 3 . 1 4 ,  

c o n f i r m s  t h a t  3 . 0  h was s u i t a b l e  f o r  t h i s  i n c u b a t i o n  

p e r i o d .

3 . 5 . 5  O p t i m i z a t i o n  o f  s u b s t r a t e  i n c u b a t i o n  t i m e  

T h i s  e x p e r i m e n t  was c o n d u c t e d  t o  i n v e s t i g a t e  t h e

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

t h e  most  s u i t a b l e  s h o r t e s t  p e r i o d  b etw een  40 and  50 m in .  

By f i x i n g  t h e  opt imum c o n d i t i o n s  o b t a i n e d  f r o m  t h e  

p r e v i o u s  e x p e r i m e n t s ,  t h e  i n c u b a t i o n  t i m e  o f  50 min was 

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

r a n g e  ( F i g .  3 . 1 5  a - c ) .



F i g u r e  3 . 1 3 O p t im u n  i n c u b a t i o n  t i m e  o f  t h e  s e c o n d

a n t i b o d y  f o r  I N D - E L I S A

E a c h  w e l l  was c o a t e d  w i t h  100 /l l  o f  a n t i g e n ,  (a)  

R15,  (b) R17 and  (c )  R25 i n  t h e  c o n c e n t r a t i o n  r a n g e  o f

10e -  10s c e l l s / m l ,  a n d  i n c u b a t e d  o v e r n i g h t  a t  5°c .  The  

t i t e r  o f  a n t i - R 1 5 ,  R17 and R25 w ere  1 : 2 5 , 6 0 0 ,  1 : 2 5 , 6 0 0  

and  5 1 , 2 0 0  r e s p e c t i v e l y ,  i n c u b a t e d  a t  30°c f o r  l h .  The  

s e c o n d  a n t i b o d y  was f i x e d  a t  1 : 1 , 5 0 0 ,  t h e  i n c u b a t i o n

t i m e  was v a r i e d  t o  ( 0 — 0 )  0 . 5 ,  (^----- A)  1 . 0 ,  ( □ -------□  )

2 .0 ,  (•----- • ) 3 . Oh a t  37°c and (^— A) o v e r n i g h t  a t  5°c

and t h e  e n z y m a t i c  r e a c t i o n  was c o n d u c t e d  f o r  50 min a t

room t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean o f  8 r e p l i c a t e s .
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F i g u r e 3 . 1 4 S a t u r a t i o n  o f  t h e  b i n d i n g  b e t w e e n  F IT 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  g l o b u l i n  and t h e  f i r s t  

a n t  i b o d i e s

B i n d i n g  k i n e t i c s  o f  t h e  c o n j u g a t e ,  t o  t h e  f i r s t

a n t i b o d i e s :  (0----0) a n t i - R 1 5 ,  (A— a)  a n t i - R 1 7  and  (□----- □  )

a n t i - R 2 5  a t  t h e  s e l e c t e d  c o n c e n t r a t i o n s  o f  c o a t i n g  

a n t i g e n s :  6 . 7 5 X 1 0 7 , 3 . 3 8 X 1 0 7 and  1 . 6 9 X 1 0 7 c e l l s / m l ,

r e s p e c t i v e l y ,  a c c o r d i n g  t o  F i g .  3 . 1 3 .
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F i g u r e  3 . 1 5 O p tim u m  i n c u b a t i o n  t i m e  w i t h  s u b s t r a t e

f o r  e n z y m a t i c  r e a c t i o n .

T h e  p l a t e  was c o a t e d  w i t h  100 /11 o f  a n t i g e n ,  (a)  

R15, (b) R17 and  (c )  R25 i n  t h e  c o n c e n t r a t i o n  r a n g e  o f

10s -  109 c e l l s / m l ,  i n c u b a t e d  o v e r n i g h t  a t  5°c .  The

t i t e r  o f  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 .  I n c u b a t i o n  was a t  30°c f o r  

l h .  The  t i t e r  o f  s e c o n d  a n t i b o d y  was f i x e d  a t  1 : 1 , 5 0 0 .  

F u r t h e r  i n c u b a t i o n  was a t  37°c f o r  3h and  t h e  e n z y m a t i c

r e a c t i o n  was v a r i e d  f o r  (•— — •) 40 min and  (A------ A )  50

min a t  room t e m p e r a t u r e .  E a c h  p o i n t  i s  t h e  mean o f  8 

r e p l i c a t e s .
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3 . 6  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 i r e c t _____ E L I S A

( C O M - IN D -E L IS A )

In  o r d e r  t o  q u a n t i t a t e  t h e  c e l l  a n t i g e n s  (R15,  

R17, and  R25) i n  n a t u r a l  c o n d i t i o n  o r  i n  m i x t u r e  

c o n t a i n i n g  s e v e r a l  unknown b a c t e r i a ,  t h e  o r d i n a r y  E L I S A  

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

ca n  i n t e r f e r e  a t  t h e  n o n s p e c i f i c  c o a t i n g  s t e p .  The  

C O M -I N D - E L I S A  was t h e r e f o r e  d e v e l o p e d  by  f i r s t l y ;  

c o a t i n g  e a c h  w e l l  w i t h  a d e f i n i t e l y  known amout o f  t h e  

t e s t  a n t i g e n ,  w h i c h  g i v e s  an 0D405 i n  t h e  a c c e p t a b l e  

r a n g e  ( 1 . 0 - 1 . 5 ) .  S e c o n d l y ,  a s e r i e s  o f  s o l u b l e  t e s t  

a n t i g e n s  a t  i n c r e a s i n g  c o n c e n t r a t i o n  w i l l  be  m ix e d  พTi t h  

a c o n s t a n t  f i n a l  c o n c e n t r a t i o n  o f  a n t i s e r u m  t o  c o m p e te  

w i t h  t h e  b o u n d  a n t i g e n  c o a t e d  on t h e  w e l l .  T h e  more  

s o l u b l e  a n t i g e n s  i n  t h e  serum m i x t u r e ,  t h e  l e s s  OD405 

w i l l  be o b s e r v e d  v i a  bou n d  a n t i g e n .  F i g .  3 . 1 5  a - c  show  

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

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  f o r  R15 ,  R17,

and R25, r e s p e c t i v e l y .  In  t h e  n e x t  s t e p ,  a l O O u l  a l i q u o t  

f ro m  s e r i a l  d i l u t i o n  o f  s o l u b l e  t e s t  a n t i g e n  ( 1 x 1 0 s* 

1x10e c e l l / m l )  i n  i t s  own h o m o lo g o u s  a n t i s e r u m  i s  a d d e d  

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

a n t i g e n .  T h e  C O M - I N D - E L I S A  p r o v i d e s  t h e  s e r o l o g i c a l
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r e a c t i o n  v a l u e s  i n  t e r m s  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 .  The  s t a n d a r d  c u r v e  i s  a p l o t  o f  l o g  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  v e r s u s  t h e  c o n c e n t r a t i o n  ( l x i o 9 

1x10s c e l l s / m l )  o f  s o l u b l e  a n t i g e n  a s  shown i n  F i g .  3 . 1 6  

a - c .  One h u n d r e d  p e r  c e n t  b o u n d  means no a d d i t i o n  o f  

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

c e n t  bou n d  s h o u l d  be f o r  c o m p l e t e  b i n d i n g  b e tw e e n  

s o l u b l e  a n t i g e n s  i n  t h e  f i r s t  a n t i s e r u m .  By t h i s  m ethod  

t h e  c o r r e l a t i o n  b e tw e e n  p e r  c e n t  b o u n d  and  t h e  

c o n c e n t r a t i o n  o f  s o l u b l e  a n t i g e n s  l o w e r  t h a n  1 x1 0 s 

c e l l s / m l  ca n  be d e t e c t e d  i n  a l l  3 s t r a i n s ,  a l t h o u g h  

g r e a t  v a r i a t i o n  were  o b t a i n e d  i n  a p p r o a c h i n g  100% b o u n d .  

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

a n t i g e n s  h i g h e r  t h a n  l x i o 9 c e l l s / m l  r e s u l t  i n  t h e  

c o m p e t i t i v e  b i n d i n g  a r o u n d  4 - 6  % f ro m  bou n d  a n t i g e n s  

w h i c h  d o e s  n o t  c o r r e l a t e  w i t h  t h e  c e l l  nu m b er .

3 . 6 . 1  E f f e c t  o f  s o l u b l e  t e s t  a n t i g e n s  

c o n c e n t r a t i o n  i n  C O M -IN D -EL I SA

In o r d e r  t o  f i n d  t h e  r a n g e  o f  s o l u b l e  a n t i g e n s  

c o n c e n t r a t i o n  t h a t  g a v e  r e l i a b l e  c o m p e t i t i v e  p e r  c e n t  

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

o f  c o n t r o l  (no c o m p e t i t i v e  s o l u b l e  a n t i g e n )  and  o f  a

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



F i g u r e  3 . 1 6  s t a n d a r d  c u r v e s  f o r  t h e  d e t e r m i n a t i o n  o f

R15, R17 and R25 by  C O M -I N D - E L I S A

E a c h  100 ûl o f  a n t i g e n s ’ c o n c e n t r a t i o n  o f

6 . 7 5 X 1 0 7 , 3 . 3 8 X 1 0 7 a n d  1 . 6 9 X 1 0 7 c e l l s / m l o f  ( a  ) R 1 5 ,

( b )  R17 a n d  ( c ) R 2 5 , r e s p e c t i v e l y  w as c o a t e d  t o t h e

t e s t e d  w e l l .  F o l l o w e d  by  a s e r i e s  d i l u t i o n  o f  s o l u b l e  

t e s t e d  a n t i g e n  m ix e d  w i t h  i t s  a n t i s e r u m  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  10s -  109 c e l l s / m l  i n  a p p r o p i a t e  t i t e r  

o f  1 : 2 5 , 6 0 0 ,  1 : 2 5 , 6 0 0  and  1 : 5 1 , 2 0 0  f o r  R15,  R17 and R25 

r e s p e c t i v e l y .  I n c u b a t i o n  was a t  3 0 ° c  f o r  I h .  T h e  t i t e r  

o f  t h e  s e c o n d  a n t i b o d y  was f i x e d  a t  1 : 1 , 5 0 0 .  F u r t h e r  

i n c u b a t i o n  was a t  37°c f o r  3h and  t h e  e n z y m a t i c  

r e a c t i o n  was c o n d u c t e d  f o r  50 min a t  room t e m p e r a t u r e .  

E a c h  p o i n t  i s  t h e  mean o f  8 r e p l i c a t e s .
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(R15 ,  R17 and R 2 5 ) ,  v a r i o u s  a n t i g e n  c o n c e n t r a t i o n  

r a n g i n g  f r o m  1 . 0 x 1 0 s t o  l x i o 9 c e l l s / m l  w e re  u s e d  t o  

c o m p e t e  w i t h  c o a t e d  o r  bound  a n t i g e n s .  T a b l e  3 . 7  a - c  

show t h a t  1 . 9 5 x 1 0 s c e l l s / m l  was t h e  minimum s o l u b l e  

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

o f  E L I S A  v a l u e s  o v e r  t h e  c o n t r o l  by C O M - I N D - E L I S A .  In  

o t h e r  w o r d s ,  t h e  s e n s i t i v i t y  o f  t h i s  d e v e l o p e d  m eth o d  i s  

r e l i a b l e  i n  t h e  o r d e r  o f  1 . 9 5 x 1 0 s c e l l s / m l  f o r  p u r e  

c u l t u r e  o f  a n t i g e n  and i t s  h o m o lo g o u s  a n t i s e r u m .

3 . 6 . 2  S p e c i f i c i t y  o f  C O M -IN D -ELI SA

When n o n - h o m o l o g o u s  s o l u b l e  a n t i g e n s  

( c o n c e n t r a t i o n  o f  2 . 5 x 1 0 s c e l l s / m l )  were  u s e d  t o  c o m p e te  

w i t h  t h e  c o a t e d  b a c t e r i a l  a n t i g e n  ( u s i n g  t h e  opt imum  

c o n c e n t r a t i o n  o f  6 . 7 5 x l 0 7 , 3 . 3 8 X 1 0 7 and  1 . 6 9 X 1 0 7 

c e l l s / m l  f o r  R15, R17 and R25, r e s p e c t i v e l y ) ,  F i g .  3 . 1 7 ,  

d e m o n s t r a t e s  t h a t  t h e  a n t i - R 1 5  shows 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 .  when t h e  

a n t i s e r a  o f  b o t h  R15 and R17 were  a l l o w e d  t o  r e a c t  w i t h  

a s e r i e s  o f  o t h e r  n o n - h o m o l o g o u s  Nz - f i x i n g  b a c t e r i a  and

E .  C o l i , o n l y  K l e b s i e l l a  o x y t o g a  NG13 shows s i g n i f i c a n t  

c r o s s - r e a c t i o n  (26 -  28%). A n t i s e r u m  r a i s e d  a g a i n s t  R25 

show ed 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

show ed  100% c r o s s - r e a c t i o n  w i t h  b o t h  r e f e r e n c e  s t r a i n s
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Table 3.7 E f f e c t  of  s o lu b le  ant igen concentration in COM-IND-ELISA

Table  3.7 a R 1 5

Solu ble  antigen ELISA values Student t - t e s t

concentrât iona (OD405nm)b

c o n tro l 1 .105 ± 0

1.0x10e 1 .103 + 0 .0 3 1 NSC

1 .9 5 x 1 0 ° 0 . 9 9 4 + 0 .0 3 1 p < 0.01

3 .9 0 x 1 0 ° 1 .032 + 0 .0 3 2 p  < 0 . 0 5
7 . 8 1 x 1 0 ° 0 .8 8 0 + 0 .0 5 5 p < 0.01

71 .56x10 0.688 + 0 .0 3 6 p < 0.01

3.12X107 0 .6 3 3 + 0 .0 3 1 p < 0.01

6.25X107 0 .5 3 2 + 0 . 0 3 0 p < 0.01

1 .2 5 x 1 0 s 0 .4 0 0 + 0 . 0 3 4 p < 0.01

2 .5 0 x 1 0 s 0 .3 3 1 + 0.012 p < 0.01

5 .0 0 x 1 0 s 0 .2 1 5 + 0 .0 1 3 p < 0.01

l .O x lO 9 0.121 + 0 .0 0 8 p < 0.01

C o n c e n tr a t io n  o f  s o l u b l e  a n t ig e n s  in  c e l l / m l

E ach  v a lu e  w as t h e  mean o f  e i g h t  r e p l i c a t e d  + รซ.
NS, n o t  s i g n i f i c a n t .



8 7

Tab le  3 . 7 . b R 1 7

Solu ble  ant igen ELISA values student t - t e s t

concentrât  iona (OD405nm)b

c o n t ro l 1.025 + 0 -

1.0x10e 1.022 + 0.034 NSC

1.95x10e 0.970 + 0.055 P < 0.05

3.90x10° 0.884 + 0.034 P < 0.01

7.81x10° 0.768 + 0.027 P < 0.01

1.56X107 0.673 + 0.024 P < 0.01

3.12X107 0.578 + 0.049 P < 0.01

6.25X107 0.555 + 0.035 P < 0.01

1.25x10s 0.462 + 0.027 P < 0.01

2.50x10s 0.278 + 0.024 P < 0.01

5.0x10s 0.113 + 0.012 P < 0.01

1.0x10s 0.093 + 0.008 P < 0.01

C o n c e n tr a t io n  o f  s o l u b l e  a n t ig e n s  in  c e l l / m l

E a ch  v a lu e  was t h e  mean o f  e i g h t  r e p l i c a t e d  + SD.

NS, n o t  s i g n i f i c a n t .
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T a b l e  3 . 7  c .  R 2 5

Solu ble  antigen ELISA values - student t - t e s t

concentrât  iona (OD405nm)b

contro l 1.105 + 0

1.0x10s 1.112 + 0.044 NSC

1.95x10s 1.058 + 0.026 p < 0.01

3.90x10s 1.034 + 0.167 p < 0.05

7.81x10s 0.908 + 0.037 p < 0.01

1.56X107 0.779 + 0.059 p < 0.01

3.12X107 0.615 + 0.059 p < 0.01

6 .25x l07 0.463 + 0.041 p < 0.01

1.25x10s 0.334 + 0.026 p < 0.01

2.50x10s 0.221 + 0.013 p < 0.01

5.0x10s 0.148 + 0.011 p < 0.01

1.0x10s 0.094 + 0.008 p < 0.01

C o n c e n tr a t io n  o f  s o l u b l e  a n t ig e n s  in  c e 11 /m l

E ach  v a lu e  w as t h e  mean o f  e i g h t  r e p l i c a t e d  + SD.
NS, n o t  s i g n i f i c a n t .
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o f  A z o s p i r i 1 lum 1 i p o f e r u m  (FS  and  3 4 H ) . T h e  d a t a  s u g g e s t  

a s t r o n g  s e r o l o g i c a l  h o m o lo g y  b e tw e e n  R15 a n d  R 17 ,  and  

t h e i r  r e s e m b l a n c e  t o  K . o x y t o c a  NG13. w h e r e a s  R25 i s  

s e r o l o g i c a l l y  s i m i l a r  t o  A . 1 i p o f  e r u m .

3 . 6 . 3  P r e c i s i o n  and a c c u r a c y  o f  C O M - I N D - E L I S A

From t h e  i n t r a - a s s a y  and i n t e r - a s s a y  t e s t s  f o r  

p r e c i s i o n  o f  t h i s  d e v e l o p e d  m e th o d ,  by  u s i n g  p e r  c e n t  

c o e f f i c i e n c e  o f  v a r i a t i o n  (%CV) a s  t h e  c r i t e r i a ,  T a b l e

3 . 8  a - c  shows t h a t  t h e  %cv d i s t r i b u t i o n  i n  t h e  

i n t r a - a s s a y  was 2 .8 5  -  8 . 7 1 ,  3 . 3 4  -  8 . 7 1  a n d  1 . 6 1  -  9 . 6 3  

( r a n g e  3 -  10%), w h e r e a s  i n  i n t e r - a s s a y  w i d e r  r a n g e  o f  

%cv were  o b s e r v e d  ( r a n g e  3 -  15%) f o r  R 15 ,  R17 a n d  R25,  

r e s p e c t i v e l y .

The  a c c u r a c y  o f  C O M - I N D - E L I S A  h a s  b e e n  e v a l u a t e d

f o r  e a c h a n t i s e r u m by a d d i n g  t h e  known amount o f

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

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

r e c o v e r y  o f  t o t a l l y  a d d e d  a n t i g e n s .  From T a b l e  3 . 9  a - c ,  

i t  ca n  be s e e n  t h a t  p e r  c e n t  r e c o v e r y  o f  more o r  l e s s  90 

120% were  o b t a i n e d  f o r  a n t i s e r a  o f  R15 a n d  R 17 .  The  

a c c u r a c y  i n  t h e  c a s e  o f  R25 was b e t t e r  a s  i n d i c a t e d  by  

t h e  n a r r o w  r a n g e  o f  % r e c o v e r y  f r o m  9 4 . 5  -  1 0 9 . 5 .



F i g u r e  3 . 1 7  C r o s s  r e a c t i o n  o f  r e l a t e d  s t r a i n s  w i t h

a n t i - R 1 5 ,  R17 and  R25 by  C O M -IN D -EL I SA

E a c h  100 1 o f  e x a c t  c o n c e n t r a t i o n  o f  ( a ) 0  R 15 ,

(b)E 3 R 1 7  and ( c ) i ^ R 2 5  was c o a t e d  t o  t h e  t e s t e d  w e l l .  T h e  

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

h o m o lo g o u s  and n o n h o m o lo g o u s  a n t i g e n  and ad d ed  t o  t h e  

t e s t e d  w e l l ,  and  i n c u b a t e d  a t  30°c f o r  l h .  The  t i t e r  o f  

t h e  s e c o n d  a n t i b o d y  was f i x e d  a t  1 : 1 , 5 0 0 .  F u r t h e r  

i n c u b a t i o n  was a t  37°c f o r  3h.  The  e n z y m a t i c  r e a c t i o n  

was c o n d u c t e d  f o r  50 min a t  room t e m p e r a t u r e .  E a c h  p o i n t

i s  t h e  mean o f  8 r e p l i c a t e s .
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T a b l e  3 . 8  The p r e c i s i o n  o f  t h e  COM-IND-ELISA method

Each lOOul of antigens concentration of 6.75xl07, 3.38X107 

and 1.69xl07 ce lls /m l of (a) R15, (b) R17 and (c) R25, re spective ly  

were coated to  the tested w e ll. Followed by a se rie s  d ilu t io n  of 

so lub le  antigen which added known amount of c e l ls  number, mixed w ith 

i t s  antiserum to  f in a l concentration of 10° -  10s c e lls /m l in 

appropiate t i t e r  of 1:25,600, 1:25,600, and 1:51,200 re spective ly . 

Incubation was at 30°c fo r  lh . The second antibody was f ix e d  at 

d ilu t io n  of 1:1,500, incubated at 37°c fo r  3h. The enzymatic reaction  

was conducted fo r  50 min at room temperature.
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T a b l e  3 . 8  a  R 1 5

% competitive b inding 

Intra-assay Inter-assay

Mean SD N % c v Mean SD N % c v

1.0x10e 99.80 2.85 8 2.85 99.66 3.83 8 3.84

1 .95x10s 90.00 2.80 8 3.11 90.00 3.66 8 4.07

3.90x10° 93.45 2.90 8 3.10 92.67 3.66 8 3.95

7.81x10s 79.67 4.95 8 6.21 80.66 6.00 8 7.43

1.56X107 62.33 3.33 8 5.34 62.67 4.33 8 6.91

3.12X107 57.33 2.80 8 4.88 56.33 3.33 8 5.93

1.25X107 48.15 2.70 8 5.60 47.33 3.16 8 6.69

1.25x10s 36.16 3.15 8 8.71 34.67 4.00 8 11.54

2.50x10s 29.98 1.12 8 3.73 27.33 1.46 8 5.35

5.0x10s 19.51 1.25 8 6.40 18.33 2.00 8 10.90

1.0x109 10.96 0.71 8 6.48 11.00 1.33 8 12.10

Soluble antigen 

concentration 

(ce lls/m l)
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T a b l e  3 . 8  b  R 1 7

Soluble antigen % competitive binding

concentration Intra-assay Inter-assay

(ce lls/m l)

Mean SD N %cv Mean SD N %cv

1.0x10e 99.67 3.33 8 3.34 99.67 4.67 8 4.68

1.95x10s 94.67 5.33 8 5.63 93.33 5.33 8 5.71

3.90x10e 86.33 3.33 8 3.86 86.67 4.67 8 5.38

7.81x10° 74.88 2.67 8 3.56 75.67 3.33 8 4.40

1.56X107 65.67 2.33 8 3.55 64.33 3.33 8 5.18

3.12X107 56.45 4.78 8 8.46 58.67 6.67 8 11.36

1.25X107 54.15 3.45 8 6.37 53.66 5.83 8 10.87

1.25x10s 45.14 2.55 8 8.71 34.67 4.00 8 11.54

2.50x10s 27.17 2.30 8 8.46 27.73 3.16 8 11.43

5.0x10s 19.05 1.51 8 6.03 19.67 2.00 8 10.16

1.0x10s 9.13 0.76 8 8.32 9.33 1.33 8 14.29
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T a b l e  3 . 8  c  R 2 5

Soluble antigen % competitive b inding

concentration Intra-assay Inter-assay

(ce lls/m l)

Mean S D N % c v Mean S D N ป ี

1.0x10e 100.00 4.00 8 4.00 100.00 3.99 8 3.99

1.95x10e 95.13 2.33 8 2.45 94.67 2.30 8 2.43

3.90x10® 93.00 1.50 8 1.61 92.67 2.67 8 2 . 8 8

7.81x10® 81.67 3.33 8 4.08 81.33 4.00 8 4.92

1.56x 10T 70.13 5.33 8 7.60 69.33 5.33 8 7.68

3.12X107 55.33 5.33 8 9.63 55.33 6.67 8 12.05

1.25X107 41.67 3.67 8 8.80 42.00 6.00 8 14.28

1.25x10s 30.00 2.33 8 7.77 29.99 2.67 8 8.90

2.50x10s 19.95 1.20 8 6.01 20.66 1.50 . 8 7.26

5.0x10s 13.33 1.00 8 7.50 13.99 1.00 8 7.15

1.0x10s 8.50 0.75 8 8.80 8.60 1.00 8 11.62



T a b l e  3 . 9  The a c c u r a c y  o f  COM-IND-ELISA

Each lOOul of antigens concentration of 6.75X107, 3.38xl07 

and 1.69X107 ce lls /m l of (a) R15, (b) R17 and (c) R25, re spective ly  

were coated to  the tested w e ll. Followed by a se rie s  d ilu t io n  of 

so lub le  antigen which added known amount of c e l ls  number, mixed w ith 

i t s  antiserum to  f in a l concentration of 10s -  109 c e lls /m l in  

appropiate t i t e r  o f 1:25,600, 1:25,600, and 1:51,200 re spective ly . 

Incubation was at 30๐c fo r  lh . The second antibody was f ix e d  at 

d ilu t io n  of 1:1,500, incubated at 37°c fo r  3h. The enzymatic reaction  

was conducted fo r 50 min at room temperature.
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T a b l e  3 . 9  a  R 1 5

C e lls  concentration

Soluble Known amount observe from % Recovery of

antigen of c e l ls  added COM-IMD-ELISA t o ta l c e l ls

1.00x10s 1.00x10s 2.00x10s 100.0

1.95x10s 3.50x10s 118.6

3.90x10s 4.38x10s 89.3

7.81x10s 8.90x10s 101.0

1.56X107 1.56X107 3.31X107 106.0
7 _ 73.12x10 5.19x10 110.8

6.25X107 7 .38xl07 94.4

1.25x10s 1.25x10s 2.83x10s 113.2

2.50x10s 3.70x10s 98.6

5.00x10s 6.87x10s 109.9



95

Tab le  3.9 ๖ R 1 7

C e lls  concentration

Soluble Known amount observe from % Recovery of

antigen of c e l ls  added COM-IND-ELISA to ta l c e l ls

1.00x10s 1.00x10s 2.00x10s 100.0

1.95x10s 3.04x10s 103.0

3.90x10s 4.89x10s 99.8

7.81x10s 1.02X107 116.3

1.56X107 1.56X107 3.72X107 119.2

3.12X107 5.33X107 113.8

6.25X107 8.09X107 100.0

1.25x10s 1.25x10s 2.66x10s 106.4

2.50x10s 3.20x10s 85.3

5.00x10s 6.03x10s 96.4
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Table 3.9 c R 2 5

C e lls  concentration

Soluble Known amount observe from % Recovery of

antigen of c e l ls  added COM-IND-ELISA to ta l c e l ls

1.00x10e 1.00x10s 2.00x10s 100.0

1.95x10e 3.23x10s 109.4

3.90x10s 4.63x10s 94.4

7.81x10s 9.12x10s 103.5

7 7 71.56x10 1.56x10 3.01x10 96.4

3.12X107 4.58X107 97.8

6.25X107 7.58X107 97.0

ร a B1.25x10 1.25x10 2.48x10 99.2

2.50xl0a 3.88x10s 103.4

5.00x10s 6.25x10s 100.0
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3 .7  D e te rm in a t io n  o f th e  g row th  c h a r a c t e r i s t i c s  o f I n ­

f i x i n g  b a c t e r ia  R15, R17 and R25 by COM-IND-ELISA

Growth cu rv e s  o f b a c t e r ia  have been p r e v io u s ly  

m easured by c fu /m l and 0D420. In t h i s  e xp e r im en t 

COM-IND-ELISA has been pe rfo rm ed  in  p a r a l l e l  w ith  p la t e  

- coun t method and t u r b id i t y  m easurement. F ig .  3 .18  a -c  

shows good agreem ent among th e  3 methods tow a rd  th e  

e a r ly  s t a t io n a r y  phase . A f t e r  th a t  s ta g e , th e  d i r e c t  

c e l l s  number assayed  by COM-IND-ELISA and 0D420 rem a ined  

c o n s ta n t  whereas c fu  o r a c t iv e  c e l l s  began t o  d e c re a se  

by PMN method. COM-IND-ELISA canno t d is t in g u is h  a c t iv e  

from  in a c t iv e  c e l l s ,  th u s  s im i l a r  to  OD420 in  c o u n t in g  

a n t ig e n ic  p a r t i c le s .

3 .8  Q u a n t it a t io n  o f a s s o c ia t iv e  N„ - f i x i n g  b a c t e r ia  by 

COM-IND-ELISA

In t h i s  e xp e r im e n t, a s e r i a l  d i l u t i o n  o f 

a n t ig e n s ,  R15, R17 and R25 ( l x i o 9 -  1x10e c e l l s / m l)  were 

passed  th rough  th e  f i l t e r i n g  u n i t  used f o r  th e  

s e p a ra t io n  o f a s s o c ia t iv e  b a c t e r ia  from  ro o t  d e b r is  (as

d e s c r ib e d  in  Method 2 .21 ) b e fo re  add ing  in  th e  a n t is e ru m



F i g u r e  3 . 1 8  C o m p a r i s i o n  o f  g r o w t h  c h a r a c t e r  b y  o p t i c a l

d e n s it y ,  p la t e - c o u n t  method, and COM-IND-ELISA f o r  R15, 

R17 and R25

B a c te r ia  (3% inocu lum ) were c u lt u r e d  in  150 ml 

NF medium w ith  r e c ip r o c a l  sh a k in g  a t 3 0 ° c ,  ex cep t R25 

w ith o u t  sh a k in g  and 5ml a l iq u o t  was w ithd raw n  a t

in t e r v a ls  to  measure (A-----A) OD420, (O------- O) c fu  by

p la t e - c o u n t  method and (□ ---------- 0 ) c e l l  number by

COM-IND-ELISA. Th ree  r e p l i c a t i v e  m easurem ents were 

c a r r ie d  ou t a t each t im e  in t e r v a l .
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a n d  m e a s u r e d  f o r  t h e  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  b y

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

a s s o c iâ t  iv e system are shown in F ig . 3. 19 a - c .

D i f f e r e n t  v a r i e t ie s o f r i c e  were grown in  m o d if ie d

sperm osphere model as d e s c r ib e d in  M ethods 2 .1 2 .

B a c t e r ia ,  R15, R17, and R25 were in o c u la t e d  on day 2 

a f t e r  g e rm in a t io n  a t  th e  dose o f 5x10s c e l l s  in  1 ml 

no rm a l s a l in e  pe r one tube  w h ich  c o n ta in s  3 r i c e  

s e e d l in g s .  C o n t ro l tu b e s  were added w ith  1 ml norm a l 

s a l in e  in s te a d  o f b a c t e r ia l  s u s p e n s io n .  The 

n i t r o g e n - f i x in g  p o t e n t ia l  o f a s s o c ia t iv e  b a c t e r ia  in  

each tube  were measured by ARA as d e s c r ib e d  in  Method 

2 .1 8 , and re p o r te d  as n e t umol e th y le n e  p rodu ced  a f t e r  

s u b t r a c t in g  ave rage  v a lu e s  o f th e  c o n t r o l  tu b e s .  The 

c o lo n iz a t io n  p o t e n t ia l  o f each b a c t e r ia l  s t r a in  on each 

v a r ie t y  o f r i c e  was th e  d i f f e r e n t  v a lu e s  o f  c e l l s  number 

between th e  in o c u la t e d  r i c e  s e e d l in g s  and th e  

u n in o c u la te d  c o n t r o l as d e s c r ib e d  in  M ethods 2 .2 0 . F ig .  

3 .20  a -c  shows th e  p a t te rn s  o f in c r e a s in g  c o lo n iz a t io n  

p o t e n t ia l ,  n i t r o g e n - f ix in g  p o t e n t ia l  and th e  v ig o r  in d e x  

o f  r i c e  cv RD7 when in o c u la t e d  w ith  R15, R17 and R25, 

r e s p e c t iv e ly .  From th e se  r e s u l t s ,  th e  maximum 

c o lo n iz a t io n  p o t e n t ia l ,  N - f i x i n g  p o t e n t ia l  and p la n t

v ig o r  in d e x  were ob se rved  on day 12 a f t e r  in o c u la t io n .



F i g u r e  3 . 1 9 S t a n d a r d  c u r v e s  f o r  d e t e r m i n a t i o n  o f

a s s o c ia t iv e  R15, R17 and R25 by COM-IND-ELISA

Each 100 u l o f a n t ig e n s  c o n c e n t r a t io n  o f 

6 .75X107 , 3 .38X107 and 1 .6 9 x l0 7 c e l l s / m l  o f  (a) R15,

(b) R17 and (c) R25 r e s p e c t iv e ly  was co a te d  t o  th e

te s te d  w e l l .  F o llo w e d  by a s e r ie s  d i l u t i o n  o f s o lu b le  

t e s te d  a n t ig e n  (w h ich  were passed  th e  f i l t e r i n g  u n i t ) ,  

m ixed w ith  t h e i r  a n t is e r a  to  th e  f i n a l  c o n c e n t r a t io n  o f 

108 -  109 c e l l s / m l  in  a p p ro p ia te  t i t e r  o f  1 :2 5 ,6 0 0 ,

1 :25 ,600  and 1 :51 ,200  f o r  R15, R17 and R25 r e s p e c t iv e ly .  

In c u b a t io n  was a t 30°c f o r  Ih . The t i t e r  o f  th e  second  

a n t ib o d y  was f ix e d  a t 1 :1 ,5 0 0 . F u r th e r  in c u b a t io n  was a t  

3 7 ° c  f o r  3h and th e  e n zym a tic  r e a c t io n  was con du c ted  

f o r  50 min a t  room te m p e ra tu re . Each p o in t  i s  th e  mean

o f 8 r e p l i c a t e s .
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F ig u r e  3 .20 In c re a s in g  o f c o lo n iz a t io n  p o t e n t ia l ,  

N2- f i x i n g  p o t e n t ia l  and p la n t  v ig o r  in d e x  f o r  th e  

a s s o c ia t iv e  R15, R17 and R25 in  r i c e  RD7 v a r ie t y

The r i c e  were grown in  sperm osphere  m ode l, a f t e r  

in o c u la t io n  o f 5x10s c e l l s / t u b e .  The head space  

atm osphere was changed to  10% a c e ty le n e .  F o r each ARA 

a s sa y , th e  p la n t  were measured c o lo n iz a t io n  p o t e n t ia l  

and th e  p la n t  v ig o r  in d e x . The p ro ce d u re  f o r  m easu rin g  

th e se  th re e  v a lu e s  a re  in  Method 2 .18  - 2 .2 1 .  The sym bo ls 

(O----------- O) a re  c o lo n iz a t io n  p o t e n t ia l ,  (A----------- 4 )

n i t r o g e n - f i x in g  p o t e n ia l  and (D ■a ) P la n t  v ig o r  in d e x .
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The r e la t io n s h ip  among th e se  3 c r i t e r i a  f o r  c o m p a t ib le  

a s s o c ia t io n  between N2- f i x i n g  b a c t e r ia  and r i c e  were 

th e re fo re d e te rm in e d  on day 12 a f t e r  in o c u la t io n  as shown 

in  T a b le  3 .10  a - c .  RD5, RD7 and RD25 were th e  r i c e  

v a r i e t i e s  w h ich  behave as good h o s t p la n t s  as in d ic a t e d  

by th e  c o lo n iz a t io n  p o t e n t ia l  o f a l l  3 b a c t e r ia l  s t r a in s  

w h ich  were s i g n i f i c a n t l y  h ig h e r  than  th e  ave rage  v a lu e s .  

RD7 and RD5 were th e  b e s t  h o s ts  f o r  c o lo n iz a t io n  o f 

b a c t e r ia  R15 and R17.

As f o r  th e  n i t r o g e n - f i x in g  p o t e n t ia l  o f  th e s e  

a s s o c ia t iv e  b a c t e r ia  com paring  among 8 v a r i e t i e s  o f  r i c e  

used in  t h i s  e xp e r im e n t, th e  r e s u l t s  show th a t  th e  b e s t  

N2- f i x i n g  r i c e ,  was RD7, w h ich  was a good h o s t f o r  a l l  3 

N2- f i x e r s  t e s te d  and a ls o  r e s u lt e d  in  N2- f . ix in g  

p o t e n t ia l  o f 111, 8 2 .8 4 , and 45 .08  jumol o f C2H2/g ro o t  

d ry  w e igh t f o r  R15, R17 and R25, r e s p e c t iv e ly .  The 

second  b e s t  h o s t p la n t  was RD5 in  ca se  o f b a c t e r ia  R15' 

and R17, and SPT in  case  o f R25 in o c u la t io n .  RD25 was 

d o in g  w e l l  as h o s t p la n t  f o r  c o lo n iz a t io n ,  bu t r e s u l t in g  

in  low er p o t e n t ia l  o f a s s o c ia t iv e  N2- f i x a t i o n  f o r  a l l  

N2- f i x e r s  t e s te d .  Under th e se  e x p e r im e n ta l c o n d i t io n s ,  

RD6, RD23, LPT and KDML d id  no t g a in  t h e i r  v ig o r  v ia

a s s o c ia t iv e  N2- f i x a t i o n .  F o r  th e  in o c u la t e d  p la n t a l l
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Tab le  3.10 R e la tio n sh ip  among c o lo n iz a t io n  p o te n t ia l,  N2- f ix in g  

p o te n t ia l and seed lin g  v ig o r  index 12 day a f t e r  in o c u la t io n

The in ocu lated  r ic e  w ith  R15,R17 and R25 were grown under 10% 

acety len e  o f head space volume. ARA was measured and reported  in  term 

o f N - f ix in g  p o te n t ia l,  the p la n t was rep o rted  in  the  terms o f v ig o r  

index, and the c e l l  number were detected  by COM-IND-ELISA and reported  

in  the terms o f c o lo n iz a t io n  p o te n t ia l.

Tab le  3 .1 0 .a. R 1 5

R ice D iffe re n t  va lues from u n in ocu lated  c o n tro l r ic e

v a r ie t ie s C o lo n iza tio n  pot. N2- f ix in g  p o te n t ia l v ig o r  index

(c e lls / g  root dry  wt) (pmol c 2แ2/g ro o t d ry  wt) (cm.%)

RD 7 2.23x109 111.0 2558

RD 5 2.05x10s 49.41 1869

RD 25 1.44x10s 4.96 1555

LPT 3.82x10s - 966

KDML 3.11x10s - 253

SPT 2.48x10® 25.2 633

RD 23 1.72x10® - 920

RD 6 1.23X107 - 918

mean 8.56x10® 1209
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Tab le  3 .10 .b . R 1 7

R ice D iffe re n t  va lues from un inocu lated  c o n tro l r ic e

v a r ie t ie s C o lo n iza tio n  pot. N2- f ix in g  p o te n t ia l V ig o r index

(c e lls / g  ro o t dry wt) (pool C2H /g ro o t dry  wt) (cm. %)

RD 5 2.35x10s 45.12 1749

RD 7 2.10x10s 82.84 2210

RD 25 1.48x10s 0.28 1575

LPT 5.98x10s - 806

SPT 4.05x10s 22.48 -136

RD 23 3.45x10s - 918

KDML 3.01x10s - 793

RD 6 2.50X107 - 1401

mean 9.51x10s - 1164
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Tab le  3 .10 .C . R 2 5

R ice D iffe re n t  values from unin o cu la te d  c o n tro l r ic e

v a r ie t ie s C o lo n iza tio n  pot. N2- f ix in g  p o te n t ia l v ig o r  index

(c e lls / g  root dry wt) (jumol C2H /g ro o t d ry  wt) (cm.%)

RD 5 4.73x10s 12.18 1605

RD 25 4.30x10s 8.56 1550

RD 7 4 . 12x10s 45.08 1722

LPT 3.36x10s - 847

RD 6 2.35x10s - 1912

SPT 2.03x10s 40.24 1636

RD 23 9.00X107 - 886

KDML 5 . 19xK>7 - 509

mean 2.80x10s 1333
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o f  them show ed t h e  n e t  a s s o c i a t i v e  v i g o r  i n d e x ,  e x c e p t  

when r i c e  cv  SPT was i n o c u l a t e d  w i t h  R17 ( - 1 3 6 ) .  T h e  

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

i n c r e a s e  i n  v i g o r  i n d e x  a b o v e  t h e  m ean s ,  w ere  RD7, RD5 

and RD25 when i n o c u l a t i o n  w i t h  b a c t e r i a  R15 and R17.  

RD6 showed t h e  d i f f e r e n c e  o f  v i g o r  i n d e x  a b o v e  t h e  means  

i n  R17 and R25, w h e r e a s  SPT showed o n l y  i n  R25 .  Among 

t h e  i n o c u l a t e d  r i c e  v a r i e t i e s ,  RD7 showed t h e  h i g h e s t

n e t  a s s o c i a t i v e v i g o r  i n d e x  o f  2 ,5 5 8 and 2 , 2 1 0 when

i n o c u l a t e d  w i t h R15 and R17, w h e r e a s RD6 showed t h e

h i g h e s t  v i g o r  i n d e x  o f  1 , 9 1 2  when i n o c u l a t e d  w i t h  R25.

The  r e l a t i o n s h i p  among 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  i n d e x  c a n  be  

c l a s s i f i e d  i n  2 c a t a g o r i e s  as  s u m m a r iz e d  i n  F i g .  3 . 2 1  

a - c .  The  f o r m e r  one  was t h e  a s s o c i a t i o n  b e tw e e n  r i c e  c v .  

; RD7, RD5, RD25,  SPT and b a c t e r i a  R 15 ,  R17, R25 i n  

w h i c h  c o l o n i z a t i o n  p o t e n t i a l  was i n  t h e  o r d e r  o f  10s - 1 0 9 

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

n i t r o g e n - f i x a t i o n  p o t e n t i a l  i n  t h e  r a n g e  o f  0 . 2 8 - 1 1 1  

jumol C 2H2 /g d r y  w e i g h t  o f  r o o t ,  t o g e t h e r  w i t h  t h e  

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

6 3 3 - 2 , 5 5 8  cm% ( e x c e p t  i n  t h e  a s s o c i a t i o n  b e tw e e n  S P T -R 1 7

t h a t  t h e  i n o c u l a t e d  p l a n t  v i g o r  in d e x  was l o w e r  t h a n  t h e



F i g u r e  3 . 2 1  E f f e c t  o f  R 1 5 ,  R 1 7  a n d  R 2 5  a s s o c i a t e d  t o

v a r i o u s  v a r i e t i e s  o f  r i c e  ( a t  d a y  12 a f t e r  i n o c u l u m )  on 

t h e  c o l o n i z a t i o n  p o t e n t i a l ,  N2- 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  i n d e x .

The  r i c e  were  grown i n  s p e r m o s p h e r e  m o d e l ,  a f t e r  

i n o c u l a t e d  w i t h  5 x 1 0 s c e l l s / t u b e  a n d  t h e  h e a d  s p a c e  

a t m o s p h e r e  was c h a n g e d  t o  10% a c e t y l e n e .  F o r  e a c h  ARA 

a s s a y ,  t h e  p l a n t s  were  m e a s u r e d  c o l o n i z a t i o n  p o t e n t i a l  

and t h e  p l a n t  v i g o r  i n d e x .  C o m p a r i s i o n  was made among 

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

number/  g . r o o t  d r y  w e i g h t ,  ^umol C 2H2 / g . r o o t  d r y  w e i g h t  

and cm.% v e r s u s  t i m e  a t  day  12 a f t e r  i n o c u l u m .  The  

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

d e s c r i b e d  i n  M eth od  2 . 1 8  - 2 . 2 1 .  T h e  s y m b o l s  a r e  ( Q  ) 

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 t e n t i a l  and ( ) p l a n t  v i g o r  i n d e x .
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n o n - i n o c u l a t e d  c o n t r o l  p l a n t s ) .  The  l a t t e r  t y p e  was t h e  

a s s o c i a t i o n  b e t w e e n  r i c e  C V . ; R D 6 ,  RD23, L P T ,  KDML and  

b a c t e r i a  ,R15, R 17 ,  R25 i n  w h i c h  c o l o n i z a t i o n  p o t e n t i a l  

i s  i n  t h e  o r d e r  o f  107 - 1 0 S c e l l s / g  d r y  w e i g h t  o f  r o o t ,  

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

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

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

v i g o r  i n d e x  r a n g i n g  f ro m  2 5 3 - 1 , 9 1 2  cm%. In t h e  f i r s t  

t y p e  o f  a s s o c i a t i o n ,  RD7-R15 was t h e  b e s t  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  as  i n d i c a t e d  by  a l l  

3 c r i t e r i a .  T h e  s e c o n d  g o o d  p a i r  was RD7-R17.  F o r  t h e  

s e c o n d  t y p e  o f  a s s o c i a t i o n ,  RD6-R25 was t h e  b e s t  

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 .  

A s s o c i a t i o n  b e tw e e n  RD6 and R17 g a v e  l e s s  c o l o n i z a t i o n  

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

v i g o r  i n d e x  a s  c o m p a r a b l e  t o  t h a t  o f  RD25-R17.
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