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CHAPTER I I

MATERIALS AND IÆTHOOS

2.1 Bacter i a

K l e b s i e l l a  o xy toca  s t ra i n  R15 i s  a rhl zopher ic  n i trogen

f i x i n g  bac ter i a  i so l a t ed  from r i c e  cv RD7 in Thai land at Rangs It 

Rice Experimental s t a t i o n  (Harinasut ,  1981).

2 . 2  R i ce

Foundation seeds of Oryza s a t i va  CV.RD7 were obtained  

from the  Department of Rice Research,  Ministry of  Agr i cul ture  and 

Cooperat ives ,  Thai land.

2 .3  Media and growth condi t ion

Luria broth medium (LB), (Luria e t  a l . , 1960)

Tryptone 10.0 g / I

NaCI 10.0  g / I

Yeast e x t ra c t  5 . 0  g / I

Adjust pH t o  7 . 0  with 0.1 N NaOH and 15 g / I agar was added for

s o l i d  mediurn.
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Nit rogen- f ree  medium (NF), (Dobereiner,1977)

K?HP04 0 .05  g/  I

KH2PO4 0 .15  g/  I

CaCI2 . 2 H2O 0.01 g / I

MgS04 .7H20 0 .02  g / l

NaMoO4. 2H20 0 . 002g/  I

Fee 13 0.01 g / l

GIucose 20. 00  g/  I

Adjust pH to  7 . 0  with 0.1 N NaOH

N it r o g e n -F r e e  Weaver medium f o r  r i c e  s e e d l in g s ,  (Weaver 

e t  a l . ,  1975)

S o lu t io n  A

ZnS04 .7H20 0.43  mg/I

MnS04 .H20 1.30 mg/I

Na2Mo04 .2H20 0.75  mg/I

H3BO3 2 .8 0  mg/I

CuS04 . 7H20 0 .026 mg/I

CaS04 .7H20 0 .07  mg/I

S o lu t io n  B

MgS04 .7H20 100 mg/1

CaCI2.2H2O 100 mg/I

FeS04 .7H20 22 mg/ I
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Sodium EDTA 20 mg/ I

S o l u t i o n  A 20 mi

Solut ion c

K2HPO4 0 . 9  g / I

KH2PO4 0 . 6  g/  I

Working s o l u t i on  was prepared by mixing 50 ml of so l u t i o n  B 

and 15 ml s o l u t i on  c,  then make up the f i na l  volume to  1 l i t e r .

2 . 4  Maintenance of bac ter ia l  c u l t u re

For long-term s torage ,  K l e b s i e l l a  o xy toca  R15 were 

maintained by adding equal volume of medium cul t ure  in the s t e r i l e  

g lycero l  and kept in a deep- freezer  at -7 5 ° c  for  1-2 years .  

Act i vat i on  of bacter ia  was performed by growing c e l l  in LB p l a t e  

for  24 h at 30°c.  A s i n g l e  colony of bac ter ia  from LB p l a t e  was 

inoculated into 100 ml of LB broth in a 500 ml Erlenmeyer f l ask  

and incubate at 30°c  with shaking เท and orbi ta l  shaker unt i l  

OÜ4 2 0  reached 0 .8 - 1 .0 ,  c e l l  were then trans f erred  into a 1 I. 

Erlenmeyer f l a s k  containing  250 ml NF medium. Cell  were harvested  

by ce n t r i fu g a t i on  at 7 ,0 00  g 4°c  20 min, washed once with 0.85%  

NaCI and suspended เท 0.85% NaCI before they were inoculated Into

r i c e  seed I ings .
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2 .5  B a c t e r i a - r i c e  a s s o c i a t i o n

Rice seeds were surface  s t e r i l i z e d  by soaking in 95% 

ethanol  30 second and immediately washed o f f  with s t e r i l e  

d i s t i l l e d  water containing  Tween-20, (5-6 d ro p s / 100 ml) several  

t imes then soaking in 40%, 30%, and 20% Clorox which contained

tween 20 (5-6 drops/100 ml) for  25,  2 0 , and 15 min r e s p e c t i v e l y  and 

washed o f f  with excess  amount of s t e r i l e  d i s t i l l e d  water.  Seeds  

were germinated on 0.5% agar เท p e t r l - d i s h  about 25 seeds per 

p la t e  and placed เท the dark for  4 days.On the  f i f t h  day 3 r i ce  

seed l i ng  which were contaminated-free  and approximately equal s i z e  

were s e l e c t e d  and trans f erred  to  a 130 ml t e s t  tube containing  5 .0  

ml s t e r i l e  d i s t i l l e d  water,and 100 r i c e  s e e d l i n g s  t o  a 27x18 cm 

t rays  containing 1 I. Weaver medium (Weaver e t . a l . , 1975) .  Tube and 

t rays  with r i c e  s e e d l i ng s  were placed เท a environment 25/28°C,and  

under 1 2 / 1 2  I ight/dark condi t i on ,  i l luminated with provided by 

plant-growth f l o r e s c e n t  lamp. The experiment was designed to  

measure nl trogenase  a c t i v i t y  from the  130 ml t e s t  tube and GS 

s p e c i f i c  a c t i v i t y  from 27X18 cm t r a y s ,  as shown in Figure 2.1



F ig u re  2.1 Protocol  of  K l e b s i e l l a  oxytoca  R15 i n o c u l a t i o n  เก

r i c e  (RD7)

Bacter i a
K. oxy toca  R15 
Rich medium

6h
V

NF med i urn

6h

R i ce  
RD 7

Rice hul led were 
removed

ใ
Surface s t e r i l i z a t i o n  

germination on 0.5% 
s t er  i Ie agar

K. o x y t o c a  R15 were 
harvested,  washed and 

suspended in 0.85% NaCI

3 r i c e  s e e d l i n g s  were 
trans f erred  to  130 ml t e s t  

tube plus  5 . 0  ml Weaver medium

days

seed I i ngs were 
to  27x18cm tray  
Weaver medium

DOrInoculum s i z e  of K. o x y t o c a  R15 is  
1 . 0  and 1 0 . 0  ml of 1 0 8- 1 0 9 c e l l . m l - 1 
into r i c e  s ee d l i ng  in 130ml  t e s t  
tube and 27x18 cm t r a y , r e s p e c t i v e l y .

£ ----------- ------------------------------- 1
Nitrogenase a c t i v i t y  GS a c t i v i t y

determination determination
( I ท t e s t  tube) ( i ท tray)

a) Weaver medium 5 ml a) RD7
b) R15 b) RD7+R15
c) RD7
d) RD7+R15
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2 .6  Tissue preparation for  s t ereomicroscopic  s t ud i e s

The r i c e  plant  from the control  and inoculated tray was 

c o l l e c t e d  and immediately observed under a s t ereomi croscope , on day 

0,  7, 14 and 21 a f t er  inoculat ion

2 . 7  Ti s sues  preparation for  inspect ion by e l e c t r o n  microscope

Root and leaf  t i s s u e  were immersed in 0.1 M sodium 

cacodyl ate  buffer  pH 7 .4  containing t race  amount of Tween 20.

After 15 min of shaking,  the t i s s u e  were r insed with several  

changes of cacodyl ate  buf fer .  Leaves and roots  were cut into 1x1 

mm s e c t i o n s  and f i xed  in 2 . 0  % paraformaldehyde and 2.5%

g IutaraIdehyde in 0 . 1  M cacodylate  buffer at 0 ° c ,  overnight .  The 

sample were washed 3 t imes with 0.1 M cacodylate  buffer .  Then 

sample were p o s t - f i x e d  in 2% OsO* (Electron Microscopy Science)  เท 

0.1 M cacodyl ate  buffer for  2 hour at 4°c.  Washing s t eps  were 

carr i ed  out as described prev ious ly .  Subsequently,  t i s s u e  were 

dehydrated in ethanol  s e r i e s  :35% ( v / v ) ,  30 min; 50% ( v / v ) ,  30

min; 70% ( v / v ) ,  30 min; 95% (v/v)  1 h and abso l ute  ethanol  1 h,

twice .  Dehydrated sample for  SEM was dried by c r i t i c a l  point  

drying method (CPD) and coated with gold.  For TEM, sample was 

embedded in Spurr's  r e s i n  (Spurr ,1969) The embedding medium was

f r e s h l y  prepared before use by gent l y  mixing 1 0  g Vi nyI eye Iohexane
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di ox i de ,  6 g d ig l y s c i d y l  ether of poIypropyIenegIycoi , 26 g 

noneny I s u cc i n i c  anhydride and 0 .4  g dimethyI ami no-e thanoI . 

S t ar t i ng  with pre-embedding the sample in a mixing of n-butyl  

g l yc i dy l  ether and abso l ute  ethanol  ( 1 :1 ) ,  for  30 min and further  

pre-embedding in n-butyl  g lyc idyl  e ther ,  for 30 min, and further  

embedding in n-butyl  g l yc i dy l  e ther ,  for  30 min. After t h at ,  the  

sample was embedded in a mixture of ท- butyI g I y c idyI ether : 

Spurr's  r e s i n  (1:1)  for  1 h, fo l lowed by embedding in three  

consecut i ve  change of Spurr's  r e s i n ,  each change for  1 h. After  

the t h i rd  change of pure Spurr's  r e s i n ,  the sample was t rans ferred  

to  a f l a t  embedding mold containing embedding medium, and l e f t  

standing for  p l a s t i c  polymerizat ion in an oven at 70°c for  at 

l eas t  8 h. Ul t r a - t h i n  s e c t i o n s  ( the gray to  gold r e f l e c t a nc e  

co l or  ) were cut on an ultramicrotome ( LKB 2088 Ultratome V) 

equipped with a g l a s s  kni f e .  The s e c t i o n s  were pick up on nickel

g r i ds .

2 .8  Preparation of c o l l o i d a l  go l d- prote i n  A complex (Hori sberqer, 

1985)

Col lo i da l  gold p a r t i c l e s  20 nm เท diameter were prepared 

according t o  Horisberger (1985).  S t ar t i ng  by adding 1 ml of 1 % 

Tetrach I oroaur i c acid (HAuCU) into 200  ml of  t r  i P I ed-d i St i I I ed
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wa te r  เท a c l e a n ,  s i l i c o n i n z e d  Er lenmeye r  f l a s k  and heated u n t i l  

b o i l i n g , t h e n  4 ml o f  1 % t r i s o d i u m  c i t r a t e  was added. The s o l u t i o n  

was s t i r r e d  v i g o r o u s l y  and b o i l e d  u n t i l  t h e  c o l o r  deve loped  t o  red  

o r  red  v i o l e t .  The go ld  s o l s  ob ta in ed  were c oo led  and kep t  a t  4°c.
เท order to  conjugate prote in A to c o l l o i d a l  gold,  adsorption  

isotherms were prepared t o  determine the minimum amount of protein  

and pH optimum required for  s t a b i l i z a t i o n  of c o l l o i d a l  gold.

2 . 8 . 1  Optimum amount of prote in A t o  s t a b i l i z e  c o l l o i d a l  gold

A s e r i a l  d i l u t i o n  of prote in  A (Zymed Laboratories ,  

I n c . ) ,  s t ar t e d  from 2 mg /ml was prepared เท 100 ul volume in 

s e r i e s  of 5 ml tube.  A constant  amount of gold s o l s  ( 1 . 0  ml was 

added into each prote in A tube and mixed, the s o l u t i o n  was al lowed 

to  stand for  5 min, then 0.1 ml of 10 % NaCI s o l u t i o n  was added 

and coagul at ion  was judged v i s u a l l y .  The change in co l or  from red 

to  f a i n t l y  blue or v i o l e t  indicated the u n s t ab i l i z e d  p a r t i c l e s .  

The optimum amount of  prote in  A was s e l e c t e d  for  the further  

experiment.

2 . 8 . 2 .  Optimum pH for  adsorpt ion

The pH-varlable adsorpt ion isotherms were prepared in

the same manner except  that  each tube containing  gold s o l s ,  which
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has already been adjusted the pH with 1.0 M H3PO4 and 0 . 2  M K2CO3 

to various  pH, ranging from 3 to  10, and the optimum amount of 

prote in  A (from 2 , 1 4 . 2  ) was added into each tube then 1 % PEG

2 0 ,0 0 0  (2  drops) was added เท order to  s t a b i l i z e  gold s o l s ,  and 

fo l lowed by coagulat ion step with 10 % NaCI as described

prev i ousI y .

Once the optimum pH for  adsorpt ion and optimum amount of 

prote in A in s t a b i l i z e d  go l d- prot e i n  A complex were determined,  a 

large s c a l e  of c o l l o i d a l  go l d- prote in  A complex was prepared 

accordingly .  By using t e n - f o l d  excess  of prote in A d i s s o l ve d  in 

10 0  ul of double d i s t i l l e d  water and f i l t e r e d  through a mi l l i p o r e  

f i l t e r  into an u l t ra  c lean p l a s t i c  b o t t l e .  One hundred ml of 

c o l l o i d a l  gold was then added and s t i r r e d .  After  5 min, 5 mi of 1 

% PEG 20,000 was added. The c o l l o i d  was centr i fuged  at 23,000 X g 

for  1 h. The c l ear  supernatant was discarded and the red p e l l e t  

was re-suspended in 10 ml of 0 .02  M Tris-HCI buf fer ,  pH 7.4  

containing  0 . 9  % NaCI, and 0 .5  mg/ml PEG 20,000.  This s t a b i l i z e d  

prepared complex can be s tored at 4°c  for  a long time unt i l  use.

2 . 9  Immunoqold s t a i n i ng  (Hermoso.et a l . ,  1989)

Al I subsequent procedures were performed at room

temperature เท a moist chamber. Sec t i ons  on grid were r insed with



21

doub le  d i s t i l l e d  w a te r .  N o n - s p e c i f i c  b i n d i n g  was b locked  by 

f l o a t i n g  g r i d s  on a d r o p l e t  o f  1% BSA in 10 mM T r i s -H C I ,  b u f f e r  pH 

7 .4  c o n t a i n i n g  0 .15  M NaCI , 0.02% sodium a z i d e ,  and 0.05% Tween 20 

(Tris-BSA),  for  1 h. The gr i ds  were then trans f erred  t o  a d rop  o f  

anti  maize GS ( Prof . Sug i yama Tatsuo Department of A g r i c u l t u r a l  

Chemistry Nagoya U n i ve r s i ty ) .  After  incubation for  2 h, s ec t i on s  

were washed with TBST for  5 t i m e s , ( 10 min each ). S e c t i o n s  were 

then immersed in c o l l o i d a l  go l d- prot e i n  A droplet  ( d i l u t e  1:10 in 

TBST-BSA ) for  1 h, then washed 5 time with TBST, fol lowed by 

double d i s t i l l e d  water and f i n a l l y  blot  dry on a f i l t e r  paper.  

Immunogold labeled s e c t i o n s  were p o s t - s t a i n e d  with LKB commercial 

reagent of uranyl a ce t a t e  and lead c i t r a t e  in a s t a i n i ng  (LKB) 

2168 U l t r a s t r a i n e r ,  Carlsberg System),  s e c t i on  were viewed and 

photographed on a Jeol  Tokyo, Japan, 200 cx e l e c t r o n  microscope  

operated a t  80 kv. Control s e c t i o n s  were performed by su b s t i t u t i on  

of anti  GS with TBST or non immune serum.

2 .1 0  GS in b a c t e r ia - r ice a s s o c i a t i o n

To determine GS s p e c i f i c  a c t i v i t y ,  2 t rays  of r i ce  

s e e d l i n g s  were u s e d , ( 1 ) r i c e  s e e d l i n g s  only,  (b) r i c e  s e ed l i ng s  +

K. oxy toca  R15. Rice s e e d l i n g s ,  100 p lant s  were cut and weighed,

of about 1 - 2  g f resh weight of r i c e  roots  or l eaves  were frozen in
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l i q u i d  n i t r o g e n  f o r  1 h b e fo r e  g r i n d i n g  in 5 ml o f  Tris-HCI 

b u f f e r ,  pH 7.6 . The r o o t s  and leaves homogenate were f i l t e r e d  

t h rough  a lawn s ie ve  and washed w i t h  100 mM T r i s -H C I  buffer ,  pH 

7 .6 ,  2 -3  t im e s .  The homogenate was then c e n t r i f u g e  a t  60,000 g 30 

min a t  4°c.

2.11 Determination of GS a c t i v i t y  by t ra ns f era s e  assay

The t r a n s f er a s e  a c t i v i t y  of GS was assayed e s s e n t i a l l y  

according to  Farnden and Robertson (1980) in which the  react ion  

mixture was f r e s h l y  prepared before use,  by mixing 1 .0  ml 0 . 5  mM 

imidazole-HCI buf fer ,  pH 7 . 0 ,  2 . 0  ml 0 .15 M glutamine,  0 .3  ml 0.1 

M MnSÛ4 , 0 . 4  ml 0.01 M ADR, 0 . 2  ml 1 .0  M sodium arsenate  pH 7 .0  

and 1.1 ml d i s t i l l e d  water t o  make 5 . 0  ml of mixture.  For standard 

curve 125 / jI of increas ing concentrat ion o f ^ -g IutamyI hydroxamate 

( 0 . 1 - 1 . 0  / jM ) were prepared,  for  unknown sample,  125 yu I of the  

r e a c t i o n ( 4 ) ,  mixture containing the above substance was mixed 

with 1 0 0 / jI plant  ex t rac t  t e s t  s o l u t i on  to  g i ve  a t o t a l  volume of  

2 25 / J  I and p r e - i ncubated at room temperature (25°C) for  5 min. The 

react i on  was s t ar t ed  by adding 25 /II hydroxy I amine s o l u t i on  

(prepared by mixing 1 .0  M NH2OH-HCI ะ 1.0  M NaOH = 1  ะ 1 just  

before used) .  After incubation for  15 min at room temperature the

react i on  was stopped by adding 0 . 5  ml FeCl3 regent  ( prepared by
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mixing 10 % FeC13 . 6H2O : 24% TCA ะ 6 M HCI : d i s t i l l e d  water = 8 ะ 

2 : 1 : 13 ).  Control assay as performed by omit t ing ADP, and

sodium arsenate .  Assay mixture was centr i fuged at 5 ,000 X g f o r  20 

min and the absorbance (A5 *o) of glutamyl hydroxamate formed was 

determined in Spectronic  2000 spectrophotometer,  standard curve of 

glutamyl hydroxamate ( 0 . 1 - 1 .  OyuM) was prepared เท every assay  

( Appendix I ).  The s p e c i f i c  a c t i v i t y  of GS t r a n s f er a s e  a c t i v i t y  

was expressed as yuM ^ glutamyl hydroxamate formed).(mg 

p r o t e i n . m i n . ) - 1 . Protein was determined by the .method of Bradford 

(1976) using BSA in the range of 0-10 / j g / 100 I as standard ( 

Append i X I I )

2 .12  Polyacrylamide gel  e l e c t r o p h o r e s i s

Non denaturing polyacrylamide gel  e l e c t r o p h o r e s i s  (PAGE) 

was performed on 7.5% polyacrylamide gel  ( Da v i s , 1964) of 0 .5  mm 

thick s t ab  gel  ( 1 0 . 2 x 8 . 2cm) with T r i s - g l y c i n e  buffer pH 8 .3 .  The 

e l e c t r o p h or e s i s  was run from cathode towards the anode with 

constant  current  of 15 mA per s l ab  gel  at 4°c for  1-2 h , i n  a 

midget El ec t rophores i s  apparatus(LKB) attached to  a thermostat  

water bath of  LKB 2209 Multitemp. The prote in  bands wrere s t ra i ned  

with Coomassie b r i l l i a n t  blue R 250.  The GS a c t i v i t y  was s ta ined

by incubating the  gel  in the  t r a ns f er a s e  assay mixture for  2 0  min
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at room temperature and color  was developed by dipping gel  in the  

FeCI3 เท reagent as described เท method 2 . 1 1 .  Denaturing 

polyacrylamide gel  e l e c t r o ph o r e s i s  (SDS-PAGE), was carr i ed  out on 

10% polyacrylamide gel  according to Laemmll ( 1 9 7 0 ) .  The 

e l e c t r o p h or e s i s  was performed as described prev i ous l y  under 

control  temperature of 15°c .

2 .13  Western blot  a n a l y s i s  of GS prote in by GS antibody

After  SDS-PAGE has been done,  prote in  bands on s tab gel  

were trans f erred  to a n i t r o c e l l u l o s e  membrane (LKB) as described  

by Lin and Kasmatsu(1989). Transfer buffer used was 25 mM Tris-HCI 

and 150 mM g ly c i n e  buffer pH 8 .3 .  The e I e c t r o b l o t t i n g  was 

performed at 0 . 6 - 1 . 2  mA, 4°c  for  1 h. Then t rans f erred  membrane 

was washed b r i e f l y  with d i s t i l l e d  water and 50 mM Tris-HCI buffer  

s a l i n e  pH 7 . 5 ,  TBS and non s p e c i f i c  binding was blocked by 

incubating the  membrane overnight  in TBS-BSA (TBS,1%BSA) with 

g en t l e  shaking at room temperature.

2 .13 . 1  Antibody-ant igen react i on  on the  membrane f i l t e r

Transfer the n i t r o c e l l u l o s e  membrane t o  a p l a s t i c  tray  

conta in i ng  30 ml f resh  TBS-BSA and add 30 / J  I ant ibody aga i ns t  GS 

prote i n  a f t e r  incubation with g en t l e  shaking at  room temperature

for  1 h, then the membrane was washed three  t imes  with 40 ml
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TBS-Tween 20 each for  5-15 min. After t h at ,  30 ml of f resh

TBS-Tween 20 containing 10 /J I of the second antibody

( horseradishperoxidase-goat  a n t i - r a b b i t  IgG; d i l u t i o n  13,000)  was 

added to  the membrane, and incubate for  1 h with g en t l e  shaking.  

Decant away the second antibody s o l u t i on  and v/ash as described  

prev i ousIy.

2 . 1 3 . 2  Detect ion of ant ibody-binding polypept ide

Transfer the washed membrane t o  a c lean tray  containing  

10 ml 0 .03  % 3 , 3  -diami nobenzid ine tetrahydrochI or i de  (DAB) เท TBS 

and add 10 น I of 30% H2O2 f r e s h l y  prepared according t o  Walk, 

1984. Wait f o r  about 10-30 min then stop reac t i on  by changing the  

s o l u t i o n  to  d i s t i l l e d  water when the brown col or  of prote i n  bands 

reached the des i red  i nt e n s i ty .

2 .14 Determination of ni troqenase  a c t i v i t y

Nitrogenase a c t i v i t y  was determined by a ce ty l ene  

reduct ion assay (ARA) according t o  Elkan (1987) ,  us ing 4 s e t  of 10 

r e p l i c a t i o n  t ubes ,  each s e t  contains:  (a) 5 ml of Weaver medium + 

1 ml of  NaCI (b) 3 r i c e  s eedl i ng  (c)  3 r i c e  s ee d l i ng  + K. oxy toca

R15 10® cel  I . m l - 1 (d) .  K. oxy toca  R15 10® cel  I .ml*1 . Each tube was

c l osed  with a serum stopper,  the  head space was changed t o  10%
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a ce ty len e  by removing a ir  and replac ing  with equal volume of 

a ce ty len e  (Ratanachoke, Engineering L td . ) .  At var ious time 

i n te r v a l s ,  300 / J  I of gaseous phase was injected  in a gas 

chromatograph (Packard Model 437 A)under the fo l low in g  condi t ion .

column packing 

column temperature  

Injector  temperature  

d etec to r  temperature  

fIow rate  of N2 

fIow ra te  of แ 2 

f Iow rate  of a ir

parapak N 

90 ° c  

1 1 0 ° c  

1 5 0 ° c

30 ml.mi ท '1 

25 mI.m i ท-1 

250 m l .m in '1

The assay was performed every other day a f t e r  inoculat ion  of K. 

oxy to ca  R15 for  6-8 days or unt i l  the  n itrogenase  a c t i v i t y  was 

plateau .  The standard pure e thy lene  gas (99%) (Thai Industr ial  Gas 

Ltd .)  was d i lu t e d  by a ir  and injected  as standard before  every

assay.
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