CHAPTER I

INTRODUCTION
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1.1. Nitrogen-fixing b

The growth ops depend, among other

things, on the of the soil. It has beeﬁ

obal population (Keeney,
undant. (78%) in the air,
they are not available fo4 s only onbined inorganic nitrogen
such as Nos', NH . organic fertilizers are

currently produced” at process called Harbor-

Bosh process which requlres fossﬂ energy. Naturally molecular-
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biosphere t.hr gh a cert.am‘groups o prokaryot.e wvhich via a
reduct.1q waa\%ﬁﬁm u%gqlgen«ﬂllﬁ& fixes N,
by the expense of ATP, the chemical energy in living organisms, so
called Biological Nitrogen Fixation (BNF). Due to the energy crisis,
the price of chemical fertilizer and the risk of environmental
pollution are increasing with each passing days; therefore, alternative
approach are of great practical interest. One such approach is to use

BNF for NH, production.



nitrogenase
N, +8 H + 46 ATP. —=-coceocan—- > 2 NH, + H, + 16 ADP + 16 Pi

A process examplified by a number of diversified genera of bacteria,

each genus shows a certain specificity to host plants. A large

number of dicotyledonous on several different families,
establish synbiotic asse iat ec1f1c N_-fixing bacteria.
In these associations, & develop on the root of
the plant after the the root of the plant.
The root is the si d to ammonia, which is
assimilated into ami d to synthesize other

The best studied
N -fixing bacteria-pl:vt 7 e m.'f, t :  between plants of the
Genus Fabaceae and members ':’ :'.Jnegative Rhizobiaceae. Three

genera; Rhizobium, ) adyrhizobi ik hizpbium  specifically

associate with legum: Rhizobium inoculation

by developing unlq'e structure known as nodules on their roots.

The developnﬂ ur&’}%nﬁj W W‘ﬂ ’%ﬂ ‘srmzobla convert

atmospheric N into ammonia 3s a f1nely tuned process,
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1:8: The nitrogenase complexes

The ability to fix atmospheric N, of diazotroph is involved
with the nitrogenase and the genetic expression of nitrogen fixation
(nif) genes. The study of biochenistry of nitrogenase has begun

before 1960. The nitrogenase, consisting of two components had been



extracted and purified from many microbes (Table 1.1). Both components
form aggregates and can be shown to consist of subunits. By the study

of K. pneumoniae (Postgate, 1982), the nitrogenase complex is

composed  of two components required for N_-fixing activity,

component I (Kpl) and colf/, (Ep2). ‘Kpl, & d1n1t.rogenase or

molybdoprotein (MoFe pro’<‘f', f two «- and p-subunits
: ! _ —

te b, ). ~'The. a- by nifD and nifk

respectively. Kp2 | se aducts or iron protein (Fe

protein), consists “eoded by nifH. These

protein components by oxygen. An iron-

molybdenum cofactor e and S, the active site

of nitrogenases can be oFe protein. Both a

reductant and ATP are requ < ~enzyme activitys; approximately

15 moles of ATP,}? pgenase reduced. In
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view of this h i} ; AN “the extreme oxygen

sensitivity of the protein conponents, it 1s not surprising that
F
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To date, the best known free-living nitrogen-fixing bacterium
is K. pneumoniae, which is closely related to E. coli and is therefore
easily emended by all relevant methods developed for the latter. The
details have been reviewed by Postgate (1982) and Merrick (1988).

There are 20-21 nif genes involved in nitrogen fixation, located in



Table 1.1. Some organisms from which active nitrogenase has been

extracted (Postgate, 1982).

Organism Reference
Anabaena cylz’ndriv. Stewarte.et al. (1969)
Azospirillum h'pq/ Dkon

Azotobacter chr 1969 a)

|

Bacillus polymyxa rris_(1978 b)

Chromatium vinosum Arnon (1970)

Clostridium pasteurianum et al. (1960)

_!;78)
v

% 5soh (1973)

[ 1

Klebsiella pueunonzae Eady et al. (1972)

st 1847 wé’wmﬂ%

Rhizobium Jaatuzcun Koch et . (1967)

saodcobifil i bk | 3 o ,um'm AR

Corynebacterium 2

Desulfovibrio deswy.




contiguously cluster on the chromosome between #isG and shia,
extending over 23 kb in seven operons (Figure 1.1 a.). Fifteen of
these genes are responsible for the production of enzyme nitrogenase,

which can reduce molecular nitrogen to NH,; among these are

three structural genes H, \ two regulatory genes, L and A

ide proteins for electron

and two other genes,
transfer (Table 1.2.). d a part of nifE (6.11
kb EcoRI-fragment) ed into EcoRI site
of plasmid pACYC18 E,-‘ striction map of this
clone pSA30 is sh

1 \ he plasmid pSA30 as a

hybridization probe, og. '”_i;g x¥1 structural genes from

K. pneumoniae and oth yan be observed.

plasmid plays a role

located on chronmghng'?ﬁ.

in determining thé duce nitrogen fixing

i

nodules on legume roots

1985). In addﬁ«!“ Eje’ﬂt%tﬂ%ﬁ w:ﬂ’qrﬁe’ise (nifHDK) were

reported on pla mids of many g R%120b1ui=§pp. (Uozu i,et al., 1982)
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et al., 1981) and R. Ieguminosarum (Hirsch et al., 1980). In some

(Banfa1v1 et al., 1981 and Masterson et al.,

associated diazotrophs, the plasmids of several species have been
isolated and detected from Azotobacter vinelandii strain AVY15 (Yano
et al., 1982), A. chroococcum (Robson et al., 1984), Enterobacter
agglomerans (Singh et al., 1988), except A. vinelandii strain UW

(Robson, 1981). A. vinelandii strain AVY15 carried genes homologous to
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Table

1.2. The products and functions of the »nif genes of

Klebsiella pneumoniae (Arnold et al., 1988).

Gene[Molecular \ 'ly)\ction
mass (kD) 3 /
| —

J 120  |Elecfon,, ' f‘\; ‘\‘5 odoxin oxidoreductase
H 35 i tein,component II)

D 56 \\’.vprotein,cOIponent |9
K 60 protein,component I)
if.

N 24

E 40

N 50

X 18 unknown

]
v = RN HRTNEING
S 45 Maturation of cemponent I‘g; conponent
i 's
v | W |0 It bea L y’lﬁe&l
q

W unknown

7 15-17 |unknown

M 28 Processing of component II

F 20 Electron transport: flavodoxin

L 50 nif-specific repression




Table 1.2. (continued)

Gene|Molecular Function

nass (kD)

A 60
B 49
Q
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nifHDK of K. pneumonise on a 200 kb plasmid whereas 4. chroococcunm
containing 2-6 plasmids ranging from 11 to over 330 kb in size, but
the nif structural genes are located on chromosome. In E. agglomerans,

not only the nif structural genes (nifHDK) but also the rest of the

nif genes are present on p a8 ¥ i 243, 333, 334, 335, 339.
of rice root-associated

diazotrophs such as 5, E. cloacae E26 EnSn,

K. oxyt".oca NG13 (Wa irillum lipoferum strain

COC8 (Uozumi et a and detectd. Except

K. oxytoca NG13, were found to harbour

plasmids, however oc \' on the chromosomal DNA,

except A. lipoferum -'d pTACOC8 (300 kb) which

Al

cont.amed genes homologou$ - al d nifQ-x.

pression of nif genes is

& - = — \
subjected to nitwogen c S errick 1988). The

In free-lk i

first level of 'ulat.ion is nzf—spemflc and is mediated by the

s 1 o 1 <

transcrlptlonaﬂ activator whlsh is requlred for the expr ession of all
other qrwf}ra &‘ﬂ im qu’afm &m&l repression
at nzfA activated transcription. The activity of Nifa is
controlled by NifL in response to nitrogen and oxygen status. NifL
antagonizes NifA-mediated transcription in the presence of fixed N,

or 0 The second level of nif regulation is the control of NifLaA

5
transcription by the nitrogen regulation (nér) system, a centralized

system, which controls the expression of a variety of nitrogen
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assimilatory genes in enteric bacteria. The ntr system comprises of
three genes: ntrA, nétrB and ntrcC. The nérBC genes are tightly
linked to gInA gene coding for glutamine synthetase (GS), an enzyme
in ammonia assimilation, whereas the néraA is unlinked. The néraA
‘ of nif genes cluster through
~¢e ntrB products are not

:trA) product is a sigma

and »ntrC are necessary
the »nifLA operon whereas
necessary for this .
factor (6°%) which plexes '»‘ h :A 5 RNA polymerase (E) to form
an RNA polymerase« holée;j 2 li g RS recognizes the nifLA
promotor but this with respect to the
initiation of trans of nifLA transcription
under N-limitation require L ff W duct ‘o bind with upstream site
of EQF‘ in nifLA pronotor;;" _%] ‘product, then in the presence

of the ntra pr-géﬂjrrﬂrﬁfff' D Siti effeetor of the transcription

i R ——— = — :\ 1
to all other #fE 35 ntrc and nifA share

U

sequence homology and the nifA product can substitute for the nércC

s o 8134 BTN < -

1984).
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1.4. The nodulation

The nodulation of plants by Rhizobium or Bradyrhizobium

species and the subsequent fixation of atmospheric nitrogen within

these nodules is the coordlnated expression of both

plants and bacterial gene ‘ Thls symbiotic association
is usually restricted the family Leguminasae.
Bacteria enter the n-induced meristematic
activity and invac induction of infection
threads. Infecti airough root hair curling
and infection threa gh modified lateral root

with an apical meriste ic.lg ;. 3 entral vascular systen,

1.5. The nodulat ion

ot 814341 8 T VI o s

symbiosis has ’Lvea]ed that pod  genes, no] genes ayr genes in
v net Rtk Oh Nt o Bl URALNYNRE et 1000,

In slow-groulng rhizobia, now classified as Bradyrhizobium, nod genes
localized on chromosomal DNA but fast growers Rhizobium nod genes
localized on chromosomal DNA and large symbiotic plasmid, known as
pSym (Gyorgypal et al., 1991). In Rhizobium meliloti there are 21
nodulation genes, located in Sym plasmid 135 kb, in six operons

(Figure 1.2 a.). Nodulation genes are divided in 2 groups as shown in



Figure 1.2. The nod gene cluster of Rhizobium meliloti and plasmid

PE39 and pRmSL4 from Kondorosi et al. (1991).

a) The 21 nod genes within the

T—

The arrows @he operons within the

‘ ,_\\'k,."t ‘:'*‘- ription.

135 kb length of DNA.

monstrating a number of
ition in the RhAizobium
neh’]oti nodD1 geng' (0 kb p ch b s been inserted into BamHI
cleavage site of pUl coding for ampicillin
resistance.

c) : strating a number of

- - - -
ST o

restriction enzyme./ tion in the RAizobium

meliloti nodABC D -mne (3.5 kb) which has Een inserted into EcoRI

AN AU g EWI“i NE I = 0

resistance.

q T HEER TR DH B ane i

nod genes are shown : B, BamHl; Bg, BglIl; E, EcoRl; H, HindlIl;

and P, PstlI.
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Table 1.3.3 the first group is the regulatory genes (nodD1, D2
and D3) which is found in all rhizobia. The part of nodD1 (0.6 kb
BamH1 fragment) of R. meliloti 1021 has been cloned into BamHI

site of plasmid pUC8 (Egelhoff and Long, 1985), restriction map of

this clone pE39 is 1 t’ Figure 1.2 b. Although nodD is
const.it.ut.ively‘ express N /& the nod operon are normally
not expressed if host-derived 7 les._are absent but when plant
derivative of flavone
(Figure 1.3.) with the product of
regulatory gene n enes. As reviewed by
Hirsch (1992), Thed i :;;3!1«24;"” > W% 0dD protein determines
flavonoid specificit ; ook region is involved in
binding to regions of a8 nod boxes. The nod boxes is
| efipn found in promotor
()

.‘=- al genes which are

highly conservedh:!y

of nod operons.

jr

divided in 2 classes,

in all rhlzﬂwq ﬂtﬁ%ﬁ%ﬂ’}aﬁc produce precursor

of nodulation f“ctor, and secqedly the ho t specific qeg genes which

Aconfersi}%?ﬁ Wb ubst) diabrd A0 FVEe vt

that modlfy precursor nodulation factor to nodulation factor (Table

f1rst1y the connon uod genes (nodABC) are found

1.3.). The nodABC operon (3.5 kb EcoRI-fragment) of R. meliloti 1021
has been cloned into EcoRI site of plasmid pBR322 (Egelhoff and Long,
1985), the restriction map of this clone pRmSL42 is shown in Figure
] 2vres Using the plasmid pE39 and pRmSL42 as hybridization probes,

DNA homology between common nodD ABC genes from R. meliloti and
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Table 1.3. The functions and properties of nod genes  of
Rhizobium meliloti (Fisher and Long, 1992)
nod n_or properties
AB Required for }

C . Homology asess; proposed to
form -1

D Transcript nod genes.

E synthase (condensing

oposed to synthesize
Nod factor acyl chais =
Lo S

F Host-spe@ifics hos p iér protein; proposed
to synt

G Host-speci 1c, homology to reductases, proposed to modify
it A VW) 1) 3

H Host-specifics required for for tlon of su ated Nod
RARIAIUNAD nma oLlears) to
Nod factor.

I Homology to ATP-binding active transport proteins;
proposed to form membrane transport complex with nodJ.

J Homology to transmembrane proteins; proposed to form
nembrane transport complex with nodlI.




Table 1.3. (continued)
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nod Known function or properties
1/
L Host-specific; hel \ ¥ Lo &fransi‘erase; required
—
for formation oi' ace yl r; proposed to add
0-acetyl ¢

| Host-speci osed to synthesize
Nod factor#Sug

N Host-speci '; suta nodulation.

0 *g‘ﬁ;enolysin; proposed
to mediate early 52; h udoia;Legune interaction.

P Host-specific AT  ; r":f A se¢d to provide

actor.

Q Host - specl' c ATP sulphurylase and APS kinase; together
5] 3 P R G
prov1a£ activated sulphate for t nsfer to No actor.

4

P P mum'z 4 v ’J@%J
nodulatlon, proposed to be membrane protein.

v Homology to two-component regulatory system sensor
proteins; proposed to regulate unknown target genes.

W Homology to two-component regulatory system activator
proteins; proposed to regulate unknown target genes.
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Table 1.3. (continued)

Known function or properties

nod
X
to Afghanist::i~- ]
nolR Repressor '

Host-specific hydr h ic pfottind; extends host-range

* Other genes 1ir  ';:‘ ;’, 0dS dU, nodY, nodZ, nolA,
nolE, nolP, :ol n'f* ‘N0 !‘iive been identified, but
have not been.des}é 3 3 of sequence homology to

other publi > possible functions

been pro»u;ﬁn

1 |
s

AULINENINEINT
PMIAINTUNNINGIAY
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5+ 7,37 4=t tetrahydroxyflavanone

"luteolin": l"' inducer of nod D

HO

i

OH O
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genlsteln inhibitor of nod D "Sakuranetin"

Figure 1.3. Structure of plant signal: flavonoids in legume and rice
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other N,-fixing Dbacteria were reported in B. Jjaponicunm,
(Dockendorff et al, 1994). The common nod genes (nodABCIJ) as well
as nodulation genes involved in "~ host specificity (nodFE, nodG,

nodd and podl) not only play a major role in root hair deformation

and root hair curling buty the initiation of cortical cell

division which establish ‘;iation. The common nod
genes are so-called ’ 'v . they _::—-ffef'yetected in all rhizobia
and also because l unctionally complement
comparable genes 'If any one of the nod
ABC genes is mu g7 Hility of 2hazob 1t to deform root hairs
and to initiate f,? ‘ﬁji‘r\ko its host is eliminated
and mutation in npo ‘ {i-B .i.: '}3 f to deform root hairs of
white clover and vetch, '{‘ ‘nornally conpatible with that

not functionally

Rhizobium. The host
conserved among ®s; they can not be
genetically comp]enented by genes fron other species. Host specific

nod genes ﬂ HSEJ fsdwcﬂﬂp‘g Wﬂqﬂ ‘chules (Kondorosi

et al., 1991, ﬁang, 1992).

ol efr) fuRAIN SR Seciucie
substltuted oligoglucosamine with a fatty acid tail on one end of the
molecules) eg. nod signal of R. meliloti (Figure 1.4.) is 6-0-sulfated
-N-(C16:2)-acyl-tri-N-acetyl-g-1,4,-D-glucosamine tetrasacchgride
(Lerouge et al, 1990). The nod signal has specificity to its
host plant and induced root hair deformation (Had+), root hair curling

and branching through which the bacteria formed infection thread into
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HO

: R1-H.CH300

R2:-C16:2,-C16:3

Figure 1.4. St.ruc ir e of nododulat.lon fact.or r nod signal in

ﬁ’tﬂ‘ﬁ"ﬁ’mﬂﬁw BN
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the cortex 1layer and division of plant cells in cortical layer form
nodule (nodule induction (Nod*)) and bacteria deformed to bacteroid

vhich can fix nitrogen from atmosphere.

1.6. Biological nitrogen fi-ﬁ‘

Rice 1is crop of the developing
countries and nitrg in rice prodﬁction, the
work of many labor on blologlcal nitrogen
-fixation confirm the rice rhizosphere
in paddy soils may be
aerobic or anaerobicy a j@?- ' ; 'i. itrogen-fixing bacteria
(diazotrophs) can grow in t : o va o In IRRI, Philippines the

great majority of hact e foots and rhizospheric

Po—— 'Y
soils belong to P*Sﬁﬂ. o7 .'acter and Klebsiella

(Ladha et al., 1982&983) Azotoct.er, Be1.1gmc]r1a, Nethylomonas,

Flavobacteri uﬁwqﬂ)ﬂ% ﬂsw E}q ﬁ, ted as nitrogen-

fixing inhabitlnts of rice roots (Wanatabe, 1985).

Q w:qladq ﬂﬁm%wq rJ‘ % B:']la gre isolated
from the rhizosphere of rice CV RD7 and RD6 (Harinasut, 1981).
K. oxytoca NG13 is associative diazotroph isolated from rice
rhizosphere in Japan. Klebsiella R15, R17 and NG13 are able to fix N,
under either aerobic or microaerobic conditions and show significant
increase in nitrogenase activity when associated with rice as compared

to free-living condition.
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One of the major problem is the criteria indicating the
presence of association between diazotrophs and Gramineae. In contrast
to Rhizobium-legume symbiosis, the diazotrophs-grasses interaction

does not produce visible structure on roots which indicate successful

f' between grasses and N_-fixing
There are illustration

of sugarcane and de ‘ /Of | e and the evidence that

infection. Therefore

bacteria has been described

Azospirillum  bre [ root . epidern barrier and invades
cortical and vas ‘ 550 ) he ho McClung and Patriquin,
1980). These obser

association such _5-{f_ I millet and guinea grass

with rice seedlingt “é n i °F“resulted in curling,

branching, denser ;m e
¢ o /s

eventually as ‘hveloped ulcrongdule structures of 10- 1 in diameter.

e QR U YA e

and outer cortical layers of rice root and detection of lectin

d longer root huirs, together with firm adherence

activity in the root exudate and bound lectin as an associative factor
(Limpananont, 1987). In general, lectins are proteins or glycoproteins
of non-immune origin which bind to cell surfaces via specific
sugar residues and oligosaccharide determinants. Lectins in root of

rice played the role as associative factor between root and R
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fixing bacteria Klebsiella oxytoca. The presence of secretory lectins
in root exudate and bound lectin on root surface assist adhesion of
Klebsiella to the rhizosphere (Limpananont, 1987 and Pitaksutheepong,

1992). Since rice lectins bind specifically with N-acetylglucosamine,

the carbohydrate moiety of the \\.n\
step wof RA ob

factor of R. melilot i which

nediate the first e interaction. Receptor

nolecules that bind the 1i Josagcl resumed to be present
on the root hairs. ‘ of: i eptor molecule is so
far unknown, but it lectin (Lugtenberg
et al., 1991). E ted that by using
restriction enzymes a between nod genes of
R. meliloti as probe wi A7 08 r11 o st.rAains there vere

homology between nod genes Wit "of Azospirillum (Table 1.4.).

Nodulation genes 1m cia K ie ins  are not known but

X' ) :
rice released Sak an0id rice phytoalexin

i

(5.4 -dihydroxy-7-met oxyflavanone) shown in

et al., 1992). ﬁt%ﬂ@%ﬂ%?w‘ﬂ{}ﬂ?m in legunme,

but Sakuranet,m is an antifunggl substance isolated from ultraviolet

trraasata b o] b o 4o TIACT T TaF TR

flavon01ds with one HO group at the 4’ position inhibit IAA-induced

igure 1.3. (Kodama

growth by stimulating IAA oxidase whilst flavonoids with HO group
at the 3’ and 4’ position stimulate it by inhibits IAA oxidase
(Goodwin and Mercer, 1972). Sakuranetin has one OH group at the
4’ position indicated inhibit TIAA-induced growth by stimulating

IAA oxidase.



23

Table 1.4. Size of DNA fragments of Azospirillum and Rhizobium
meliloti 2611 which show homology when probed with common
nod genes (nodABC D), and host specific nod genes (nod

EFGH) after digestion with EcoRI, Sall and BglII (Ellerich

et al., 1985)

rost, specific nod genes

Bacterial strain® probes

EcoRI | Sall Bglll

12 6.8 nt.

ﬂfj 2.9 | 6.4

CLRERT P13 HU gl Tk 1
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Table 1.4. (continued)

common nod genes host specific nod genes

Bacterial strains probes

EcoRI | Sall Bglll

Azospirillum 1ipof

528 17 6.7 9.0
10 3.0
Zad

Rhizobium meliloti .4 4.6 7.3

2011 1.7

¥ %wé@wg w%iwﬁﬁ]zﬁ 5o sndicated in .
AT AMINYIAE
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1.7. Objective of this thesis

Since the basic knowledge on the organization of nod genes

in associative Klebsiella strains are not known and these

information are important improvement. for better

ertilizer in rice, the aim
_‘

of this thesis is £0 se-RestTictionErs ment Length Polymorphisn

application of Nz-fixi'“

(RFLP) analysis to studV cemne Q\,\‘\\y structural genes by

AN
=9 N\
m‘{ g their RFLPs.

It is hoped “acéumulative data obtained from the

using nodABC D pr and nifHDK probes

from free-living o localize nod genes

and nif genes of N_-

comparative study of : ixi i teria will provide valuable

insights into nod n genes organization,

0
homology and regu ’ﬂ‘ ? .-plied back into the

i J

paddies, nitrogen fi ng effi01ency in those areas should be promoted.

ﬂ‘UEl‘J'VIiWI‘iWUWﬂ‘i
’QW?ﬁNﬂiﬂJ UAINYIAY
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