
CHAPTER I

INTROOUCTI ON

1.1 Ammonium a s s i m i l a t i o n  in n i t r o ge n - f i x i n g  b a c t e r i a .

เท bacter ia  t here  are two known pathways for  ammonium 

a s s i mi l a t i on  v ia  glutamate dehydrogenase (GDH;EC1. 4 . 1 . 3 )  ( react ion  

1) ,  and v i a  glutamine synthetase  (GS;EC6.3.1.2)  and glutamate  

synthase (GOGAT; EC1. 4 . 1 . 1 3 )  reac t i on  (2) r e s p e c t i ve l y .  The end 

product of both pathways is glutamate,  from which ni trogen  

compound of c e l l  are synthes i zed .

GDH

NHa+ + 2 -oxogIutarate  + NAD(P)H--------> glutamate + NAD(p ) (1)

GS

NH4++ glutamate + ATP---------------> glutamine+ ADP + Pi

GOGAT

glutamine + 2-oxogIutaI ate  + NADPH------> glutamate +NADP (2)

GS/GOGAT is the major enzyme pathway in inorganic ni trogen  

a s s i m i l a t i o n  in cyanobacteria (Orr and Haselkorn,  1981).  This is 

supported by Russi e t  a l . ,  1989, with the study in Rhizob ium

Ieguminosarum. who found that  ammonium a s s i m i l a t i o n  in the
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organ ism appeared t o  t a k e  p la c e  o n l y  t h ro ugh  t h e  GS/GOGAT 

pa thways .  The c o n t r o l  of GS a c t i v i t y  as rev iewed by T y l e r ,  1978,  

showed that  GS a c t i v i t y  can be regulate  by three  major d i f f e r e n t  

mechanisms, 1 ) by the interconvers ion of relaxed ( i n a c t i v e )  and 

taut  ( a c t i v e )  form in the response to  var i a t i o n  in concentrat ion  

of d i v a l ent  c at io n ,  2 ) by cumulative feedback i nh i b i t i on  with 

various  end products of glutamine metabolism and 3) by covalent  

a l t e r a t i o n  of the  enzyme with r e v e r s i b l e  adenyI y I at ion of a 

s p e c i f i c  thyrosyl  res idue  on each subunit .  The a b i l i t y  of GS to  

c a t a l y z e  the  formation of glutamine can be rapidly  decreased by 

the attachment of adenyl group on the enzyme and . converse l y ,  

rapidly  increased by the  removal of these  groups.  Maximum 

b i o s y n t h e t i c  a c t i v i t y  i s  obtained when the enzyme is completely  

unadenyI y Iated (E 0 > and decrease  over a wide range as the degree  

of adenyI y Iated (adenyI y I at ion s t a t e )  increases .  However, the  

f u l l y  adenylylated (E1 2 ) b i o s y n t h e t i c a l l y  i nac t i ve  enzyme s t i l l  

r e t a i ns  glutamyl t r a n s f er a s e  a c t i v i t y ,  there f ore  adenylylated form 

and unadenyI y Iated form have the same t r a n s f er a s e  a c t i v i t y  

measured by the  capaci ty  of  t r a ns f er r i ng  the glutamine res idue  of  

glutamyl t o  hydroxamate in the present  of ADP, Arsenate and Mn2+ 

( reac t i on  3) (Farnden and Robertson,  1980)



g I utam i ne + NHîOH > glutamyl  hydroxamate + ผแ3 (3)

arsenate ,  ADP

AdenyI y I a t ion and deadenyI y I at ion are catal yzed by the same 

enzyme, adenyIytransferase  (ATase).  The react i on  with ATase 

c a t a l y s i s  is regulated by regulatory prote in ( P l l ) .  The unmodified 

form of PII,  P I IA s t imula tes  adenyI y I at ion of ATase, whereas,  a 

uridylated form , P I ID, is required for  deadenyI y I a t i o n . The 

i nterconvert ion of PI IA and PI ID is  accomplished by the th i r d  

enzyme, u r idyI y I t ranferase  (UTase).  UTase is a c t iv a t e d  by

s ubs t ra te  of ammonium a s s i mi l a t i on  reac t i on ,  0< 1- k e t og Iu ta r a t , and 

inhibi ted  by product of the same reac t i on ,  glutamine.  Consequently 

a high r a t io  of 0<, -ketogIutarate to  glutamine,  ammonia d e f i c i e n c y ,  

wi l l  s t i mul a t e  deadenyI y I at ion of GS, and converse l y ,  a low r a t io  

of ^ - k e t o g I u t a r a t e  to  glutamine,  an excess  of ammonia, GS wiI I be

largely  present  in the adenylylated form.

1 .2  Ammonium a s s i m i l a t i o n  in p l a n t .

Several  s t ud i e s  on ammonium a s s i mi l a t i o n  เท higher  

plant s  i ndicate  t h at ,  glutamine synthetase  is the  key enzyme in 

ammonium a s s i m i l a t i o n  ( Datta e t  a l . .  1991: Miao e t  a l . ,  1991: 

Kamachi et  a l . ,  1992: Sakakibara e t  a l . ,  1992 ).  GS in plant  e x i t s
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as a number o f  isoenzymes wh ich a re  a s s o c i a t e d  w i t h  s p e c i f i c  organ  

and c e l l  compartments .  เท b a r l e y ,  Mann e t  a l . ,  (1979) found  t h a t  

t h e r e  a re  two forms o f  GS namely,  GSi and GS2 . GS, i s  c y t o s o l i c  

enzyme and has a molecular weight (MW) of 349,000,  pH opt imum 7 .0 ,  

s t ab l e  at 3 0 °c . GS2 is ch IoropIast i c  enzyme and has a molecular  

weight of 363 ,0 00 , pH optimum 7 .5 ,  lose  a c t i v i t y  at 30 °c .  

St as i ewi ez  and Dunham (1979) s tudied GS in soybean hypocotyl  and 

found two forms of GS which are character ized by s i mi l ar  molecular  

weight of 365 ,0 00 , a l i t t l e  d i f f e r e n t  in optimum pH and 

temperature of 7 .0 ,  6 . 5  and 5 0 °c , 45°c  r e s p e c t i v e l y .  McNally and 

Hi re l , 1983,  s tudied GS in several  higher p lant s  and reported that  

higher p l ant s  can be c l a s s i f i e d  into four groups according t o  the  

pattern of GS. The f i r s t  group is character i zed  by the presence  

only c y t o s o l i c  GS, whereas the second group is d i s t in g u i sh e d  by 

the presence only ch IoropIas t i c  GS, the t h ird  group is 

character i zed  by c y t o s o l i c  GS being minor component of t o ta l  GS 

a c t i v i t y  and the fourth group is  d i s t i n c t  from the other groups in 

having both high c y t o s o l i c  and ch IoropIast i c  GS. P u r i f i c a t i o n ,  

subunit  s t ru c t ure ,  k i n e t i c s  and physicochemical  proper t i e s  of  

plant  GS have been inves t i gated  in var ious  p l a nt s .  Ericson (1985)  

s tudied  GS in spinach leaves and found that  p u r i f i e d  GS has a MW

of 360,000 and c o n s i s t s  of  e ight  subuni t s ,  each has MW of 44,000.
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The Km is 6 .7  mM f o r  g l u t a m in e ,  pH opt imum 7 .3 .  T Ingey e t  

a l . ,1987,  s t u d i e d  in pea and found t h a t  t h e  GS p o l y p e p t i d e  

p redom ina ted  in t h e  c h l o r o p l a s t  stoma has t h e  MV o f  44 kDa. w i t h  

d i f f e r e n t  from r o o t ' s  (MW of 37 kDa). Datta e t  a l . ,  1991, s t u d i e d  

in Phaseo lus  v u l g a r i s  found two form of GS, GSm and GSn2 , both 

forms of GS are octamer composing of two subuni ts  of polypept ide  B 

and o< which d i f f e r  in charge but not in s i z e .

The GS in plants  is regulated by repress ion and derepress ion  

เท response t o  change เท environmental  l e v e l s  of combined nitrogen  

and by several  amino acid which are derived from glutamine,  by 

some organic and inorganic substances  and by energy change.  เท 

addi t ion the gene t i c  of plant  is one f a c t o r  that  a f f e c t  the  

respond of GS to the mentioned f a c t o r s .  Kanamori and Masumoto, 

(1972) found that  metal s ,  including Cu2+, Hg2+, Cd2+ and Zn2+

(5 m i l l i mo l ar ) ,  s t rongl y  i nhibi t  the a c t i v i t y  of r i c e  root GS 

enzyme (90% i n h i b i t i o n ) ,  o<- ket ogIutarate  and c i t r i c  acid,  20 

mi l l i mol ar ,  increased the enzyme a c t i v i t y  about 1.5 f o l d .  Kamachi 

e t  a l . ,  1992, s tudied เท c y t o s o l i c  and ch IoropIas t i c  GS เท r i c e  

plant  during natural senescence show that  through the  senescence  

period (98-140 day old)  the c y t o s o l i c  GS remained constant  whereas 

t o ta l  GS a c t i v i t y  dec l ined to l e s s  than a quarter of i t s  i n i t i a l

l ev e l .  Edward and Coruzzi ,  1989, s tudied on Pisum s a t i v um  and
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Sakak iba ra  e t  a l . ,  1992, s t u d i e d  in Zea may L. found  t h a t  l i g h t  

c ou ld  induced e x p re s s io n  o f  ch Io r o p Ia s t i c  GS o f  bo th  p l a n t s ,  the  

level  o f  ch Io r o p Ia s t i c  GS p r o t e i n  and mRNA i n c reased  a f t e r  exposed  

to  the l i g h t  for 24 h. Then i t  can be concluded that  in h i g h e r  

plant s  GS is the key enzyme in ammonium a s s i mi l a t i o n ,  e x i s t i n g  as 

a number of d i f f e r e n t  isoenzyme, GSi: i s  isoform in c y t o s o l ,  GS2

is isoform in ch i oropIas t .  GS in higher p lant s  have MV of 350-400

kDa. c o n s i s t i n g  of e ight  subuni ts  of which subunit  พ  ranging from 

43-47 kDa. Regulation of GS is probably a very complex phenomenon 

cons ider ing  the d i v e r s i t y  of the isoenzyme s t ruc ture  and

d i s t r i b u t i o n  with in the  d i f f e r e n t  organ of the same plant .

1.3 Ammonium a s s i m i l a t i o n  in plant-microbe i n t e r a c t i o n .

GS is the key enzyme of ammonium a s s i m i l a t i o n  e i t h e r  in 

plant  or in n i t r o g e n - f i x i n g  bac ter ia .  Several  i nv e s t i ga t o r s  

reported that  in natural  condi t i on ,  plant-microbe i nteract ion  

could a l t e r  the GS enzyme in some manner. The plant-microbe

i nteract ion  can c l a s s i f i e d  in two c at eg o r i e s .

1 .3 .1  Symbiotic condi t ion

1 . 3 . 2  A ss o c i a t i ve  condi t ion

1.3 .1  Symbiot ic c o n d i t i o n .



เท lower p l a n t s  s y mb i o t i c  a s s o c i a t i o n  between L i c h e n ,

b ryophy te s  A z o l l a  and Gunnera and h e t e r o c y s t - f o rm i n g  

c y a n o b a c t e r i a .  N i t r o g e n - f i x i n g  c y a n o b a c t e r i a  s ym b i o t i c  TV t h  water  

f e r n  A z o l l a  c o n s t i t u t e  a major group of microorganism in paddy 

f i e l d  ecosystem,  t h e i r  potent i a l  in r i c e  c u l t i v a t i o n  are of 

i n t e r e s t ,  because d in i t rogen  reduced by cyanabacteria was 

ass i mi l a ted  and served as the ni trogen source for  growth of the  

eucaryot i c  host  (Meek 1983).  เท higher p lant ,  the best  known and 

of the most i n t e r e s t i ng  and important plant-microbe interact ion  is 

that  between leguminous plant  and bacter ia  of the genera Rhizobium  

and B radyrh izob iu m .  Legumes are a large group of plant which 

include several  economical important p l ant s .  Rhizob ium  and 

B r a d y r h i zobium  are Gram negat ive  mot i l e  s o i l  bacter ia  which can 

i n f e c t ,  and i nhi b i t  usua l l y  in root nodules,  always found in 

nodule of leguminous p l a nt s .  Infec t ion  of the roots  of leguminous 

plant of the appropriate  s p e c i e s  of the bacter ia  lead to  the  

formation of root nodule,  which are able  to  convert  gaseous  

nitrogen into combined ni trogen.

There are a wide v a r i e t y  of leguminous p l a n t s -R h izob iu m  

symbiosi s .  The r e s u l t s  are vary depending on the s p ec i e s  of the  

plant s  and b ac t er i a ,  however It can be concluded that  in f r e e -

l iv i ng  Rhizobium ,  the ammonium derived from dini t rogen f i x a t i o n
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are  a s s im i l a t e d  v i a  GS/GOGAT pathways in t h e  o rgan ism ,  but in 

s ym b i o t i c  c o n d i t i o n  most o f  t h e  ammonia produced by n i t r o g e n -  

f i x a t i o n  เท b a c t e r i a  is a s s im i l a t e d  by GS/GOGAT เท p l a n t .  Brown 

and Di lwort ,  1975, s tudied in several  Rhizob ium  s ymb io s i s  with 

some leguminous plants  found that  in a s s o c i a t i v e  condi t ion the  

a c t i v i t y  of GS/GOGAT in bacteroid were qui te  low comparing with 

the f r e e - l i v i n g  s t a t e .  As review by Cul l imore,  1983, that  the  

l a b e l l i ng  s tudied using 15N and 13N showed that  ammonium produced 

by din i t rogen f i x a t i o n  in the bacteroid is excreted into the plant  

f r a c t i o n  of the  nodules and a s s i mi l a t ed  there  by the combined 

act ion of GS and GOGAT. The study in legume (Schul l er  e t  a / . , 1986) 

showed that  เท cytoplasm of legume nodule,  ammonium produced by 

nitrogen f i x i n g  bacteroid is incorporated to  glutamine and 

glutamate v ia  the GS/GOGAT pathway of plant .  Datta,  1991, observed 

GS enzyme in kidney bean ( Pha sed  US v u l g a r i s )  by 

immunocytochemistry, and immunogold l ab e l l i ng  in the c e l l  

cytoplasm of each plant organs fonud that  in nodules,  the label ing  

was more intense  in the infected c e l l s  than เท the  uninfected  

c e l l s .  Moreno e t  a l . ,  1991, an d Matin and Chelm, 1991, s tudied เท 

B r a d y r h i z o b i urn j a p o n i cum found the  d i f f e re n c e  between wi ld type

and glnA  mutant s t r a i n .  The glnA mutant s t ra i n  could produce a

few number of  nodules on soybean root and unable t o  grow on
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n i t r a t e  or ammonium as the s o l e  ni trogen source.  The r e s u l t s  

i ndicate  that  g I rA gene of bacter ia  was a l so  involved in the role  

of symbiosis .

1 . 3 . 2  A s s o c i a t i ve  c o n d i t i o n .

The a s s o c i a t i v e  bacter ia  I-pI ants i nteract ion  was found 

in Gramineae  p lant s  such as tropi ca l  grass  r i c e ,  wheat,  maize,  

sorghum with various genera of bacter ia  namely E n t e r o b a c t e r ,  

A zosp  i 11 i um.

E n t e r o b a c t o r  s p e c i e s  are widespread in rhizophere of 

grasses  grown in both t ropi ca l  and temperate c l i mates  (Kleeberger  

e t  a l . ,  1983).  The a s s o c i a t i o n  of n i t r o g e n- f i x i n g  bacter ia  and 

cereal  such as wheat,  maize and barley is of i n t e r e s t ,  because the  

most important plant  for  the n ut r i t i on  of the world populat ion are 

the c e re a l ,  l ike  wheat ,corn and r i c e  (Quis p e I ,1991) .  The 

biochemistry of ammonium a s s i m i l a t i o n  and t r a ns f er r i ng  of them 

have been unclear.  Michiel  e t  a l . ,  (1990) reported that  

i noculat ion of  crop p lant s  with A z o s p i r i 11ium has resu l t ed  in 

s i g n i f i c a n t  y i e l d  increases  only under cert a i n  c ondi t i o ns .  Bashan,  

1991. reported t h a t ,  inoculat ion of wheat seed l i ng  with 

A z o s p i l l i u m  b r a s i l e n s e  s i g n i f i c a n t l y  increased the proton e f f l u x

of the roots .  The previous study on ammonium a s s i m i l a t i o n  in
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K l e b s i e l l a  R 1 5 - r i c e  a s s o c i a t i o n ,  Sasngduan, 1992, i n d i c a t e d  t h a t  

in a s s o c i a t i v e  c o n d i t i o n  t h e  n i t r o g e n a s e  a c t i v i t y  in K. oxy toca  

R15 inc reased  400-500 f o l d  and the  GS a c t i v i t y  in c reased  5 -7  f o l d  

comparing with f r e e - l i v i n g  b ac ter i a ,  suggest ing that  part of the  

f i xe d - n i t ro g e n  were a s s i mi l a t ed  in bacter ia .  The GS a c t i v i t y  of 

the inoculated r i c e  roots  decreased s l i g h t l y  ( 1 0 %) comparing with 

f r e e - l i v i n g  r i c e  p lant ,  t here fore  i t  remained unclear,  how the  

f i x e d -  ni trogen be a s s i mi l a t e d  in the r i c e  plant .

1.4 problem.

Rice i s the most important plant for  economic and 

nutr i t i ona l  s t a t u s  of Thai people.  เท general  r i c e  p l ant s  u t i l i z e  

about 20 ki lograms ni trogen per ton of seeds (Swaminathan, 1984).  

Either from added chemical f e r t i l i z e r  or organic and inorganic  

nitrogen in the s o i l  (combined ni trogen)  chemical ni trogen  

f e r t i l i z e r  are increased and the s o i l  f e r t i l i t y  are decreas ing by 

i ntens i ve  cropping in the  past .  The a l t e r n a t i v e  way to approach 

t h i s  problem is the use of atmospheric ni trogen for the ni trogen  

source n u t r i t i on  of economic crops.  The i ntens i ve  studying about 

a s s o c i a t i v e  ni trogen f i x a t i o n  and ammonium a s s i m i l a t i o n  are there

f ore  e s s e n t i a l .  Recent study (Saengduan, 1991) on r i c e - n i t ro g en

K l e b s i e l l a  o x y t o c a  R15 i n d i c a t e d  t h a t ,  n i t r o g e n a s e ac t  i v i t y  was



i ncreased 400- 500  f o l d  in s u i t a b l e  a s s o c i a t i v e  sys tem,  which the

K. oxy toca  R15 showed in c rease  เท GS p r o t e i n  t o  3 -5  f o l d  o f  the  

f r e e - l i v i n g  c o n d i t i o n  and th e  GS s p e c i f i c  a c t i v i t y  t o  7 -3  f o l d .  

Saengduan (1991) ,  had proposed that  the a s s o c i a t i v e  K. oxy toca  R15 

can f i x  d in i t rogen more e f f e c t i v e l y  and as s i mi l a ted  most of the  

f i xed - N 2 by t h e i r  GS enzyme to glutamine and other amino acids .  

Since t hese  r e s u l t s  showed that  the  s p e c i f i c  a c t i v i t y  of GS in 

r i c e  roots  were constant  or s l i g h t l y  decreased (about 10 %). The 

non corresponding f i g u r e s  of the ni trogenase  a c t i v i t y  and the root  

GS a c t i v i t y  do not support the notion that  root GS plays and 

important ro l e  in a s s i m i l a t i n g  the f i x ed - N 2 . It is p os s i b l e  that  

the GS enzyme in the r i c e  l eaves  were respons i b l e  for  the  

a ss i mi l a t i on  of the  f i x e d - N 2 i nd i r e c t l y  v ia  amino ac ids  produced 

by bacter ia .  If t h i s  hypothes i s  is t rue ,  the t r a ns f er a s e  a c t i v i t y  

of GS enzyme in the r i c e  leaves should be increased in a s s o c i a t i v e  

condi t ion to a s s i m i l a t e  f i x ed - N 2 t rans f erred  from b a c t e r i a .
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