CHAPTER 1

INTRODUCTION

Biological .nitrogen fixation

sy

1trogen, phosphorus and
potassium is of cons1der& %ance because they are the

major plant nutrients de od ,Among ‘these three
nutrients, nitrogen _ Al

The biological ava1qu

ptible to microbial

~ transformation. Thi lock of the protein
and nucleic acid mol  ipon . _"'} ‘;'f3§i§ based, Plants and
microbes make their o er from nitrates by

containing molecules dirg tLg’nT.if r " from plants or microbes.
The available form of n1tcgggﬁﬁinc: '_ are ammonium (NHZ) and
nitrate-nitrogen ( %) ' ,iﬁf sition of the

] oduct ility, a deficiency
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markedly reduces y1e1d as well as qua11ty of crops; and because this
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as by 1each1ng, it requires coq;inual conservat1on and maintenance.
acnt R G iR i ) orn o
1ndustry, yet only a portion of the agricultural need for nitrogen
comes from chemical fertilizers, it production by industrial process
is dependen; oﬁ fossil fuel. Precipitation may add several kilograms
per rai each year as anmonﬁum or nitrate. Thus, biological reduction

of atmospheric nitrogen to ammonia is an interesting process.



Nowadays, we focus on enhancing the efficiency- of nitrogen
fixing ability of nitrogen-fixing bacteria, energy-conserving way to
reduce the nations reliance on chemical nitrogen fertilizer for
maintaining its agricultural productivity. Genetic-studies of
nitrogen-fixing bacteria are essential for identifying the genes
involved in nitrogen f1xat10nuge,better understanding of this

processes might help to, rogen fixing ability of the

nitrogen fixer in te@ro&ywﬁ"
;\—N'H:‘ * -

The abili
fairly widely di
they vary in compl
through the physiolegig l'ly,p.ﬁdJ
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nodule symbiosis. So, t»{ae_mtmgxf g bacteria are classified

into three groups, theyﬂzr’é::obﬂm-symbiosis, associative symbiosis
J JIE ; R

and asymbiosis _;.:____:_-__ acteria (Burns and
Hardy,11975). Mo: than one hi _ e‘apecies of microorganisms
are reported as m'grgen-fixer ‘(P&jtgate, 1982), but the agriculturally

ortant. {7 S 4 s soction o

m1croorgan1§l’!|s with roots of  plants. Ee assoc1at1q\_/; bacteria differ
rron SIS ildodd ¥ 1o THGR) ] Bk 120 moanes
or protuberances on the root, without formationof differentiated
structure, instead they grow on the roots surface and make use of
carbonaceous exudate to satisfy their energy demands. The bacteria

in this group are member of three genera : Azotobacter, Azospirillum

and Beijerinckia. They are especially abundant on roots of corn,

sugar cane, wheat, sorghum and some species of grasses. They are



somehow linked closely to the roots inasmuch as gentle wdsiﬁ'ng does
not dislodge the N2-metaboh'z1'ng activity (Alexander, 1977). The

general knowledge about Azotobaecter and Azospirillum are as follows :-

Azotobacter

Azotobacter species ar‘e\vrf
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The cells are quite large, ~qtmta

rate and the average Gm ce;; r@m 53 to 70. The genus

Azotobacter compm ses

ic, heterotrophic bacteria.

s of poly-beta-hydroxybuty-

icter chroococcum,

Azotobacter vinelandii

kii, all species can fi

in air or under microaero é\;on‘gigoﬁ

_ *;;ng et al, 1974), Bacteria
modified Burk's medium

|
tend to be sensitive to

in this species is usually e
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- acid pH, high phosphate conceﬂtrah@{fzi temperature above 35 C
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Morpho]og1ca1]y—d1simctwe encysfed form ﬁs?ﬂy occured in old

(Strandberg and wilson,

populations of Az uced by culture 1n

otobacter, Enc_ys

Cysiti have somewhat enhanced
the resistanc ﬁs % on (Sadoff, 1975).
During growthwza ﬂﬂ?] Eﬁﬁlﬁﬁn pigments are
produce W 20 ‘ cum,

% ﬁﬂ, chE pﬁddu tion"of a green

respectively.
fluorescent bigment is increased by growing in iron-limitted media

the presence of agenitg such as n-butanol.

(Corbin and Bulen, 1969). It has been reported that both Azotobacter

vinelandii and Azotobacter chroococcum had a very large and variable

genome size : their DNA content Eou]d be up to 50 times that of E.coli
in growing culture and declining to ten-fold in old culture ‘(Sadoff,

Shinmel and E1lis, 1979).



Azospirillum

Bacteria, first described in 1922 by Beijerink and redis-
covered in 1963 by Becking, were called under the name of Spirillum

lipoferum., Their potential agronomic importance was raised when

Dobereiner and Day (1976) descr{iv their association with plants

from various genographical or mic studies led to the

ir']lué(s genus, defined by Tarrand

creation of a new genus s
et al. in 1978, comp 6
A third species A.ama
1984). Very little'is

the molecular bioloc

rate. They have a DNA base tmos £=0 ."'
Y : ,#:___n_::‘.-,:' - fl}‘ ;

glucose, which is ng usé&_qﬁj} .A brasilense. Amnazonense can utilize
saccharose. ﬁ ?ﬁa 1;1%?? well in the
complete mediumﬂta ’Q ro ike t }5’1 1nft30bacter,
Azosmrﬂ ﬁ m wurl‘ @ﬂmﬁ » 1981 3
Papen an ernerﬁszﬂsq mtrogen-free minimum medwm, the

nitrogenase of Azospirillum can be expressed only under the

microaerobic condition (Von Bulow and Dobereiner, 1975 ; Okonet al,

1976 ; Okon et al, 1977 and Barak et al, 1981).



The nitrogenase complex

Tne study of the biochemistry of nitrogenase has begun
before 1960. Because in 1960 a dramatic advance was reported by
Carnahan Mortenson, Mower and Castle, who obtained a cell-free extract
of Clostridium pasteurianum which cdnsistent]y fixed atmospheric .

nitrogen. By the end of the l}’/ 1Erogenase consisting of two

proteins had been extrg 3nd pu rom many microbes such as

Clostridium pasteuri 60) Klebsiella pneumoniae

”'::M]en et al., 1965),

*.

(Eady et al, 1972)

Azotobacter chroo

a) and Azospirillum 1ipoferum
!‘ tmps were very similar in
f f_&__@]atwely high relative

1
in\ng iron, molybdenum and

(Okon et al., 197
properties : one C
- molecular mass (200

tein (5,000 - 6,000) with

iron and labile su]phur«bm, m mumnu . Both protein form
eiH=units. By the study of

Klebsiella pneumo]'riae (Kgnnedy, 6 i—- ‘he nitrogenase are

composes of two conponents, component 1 and 1I. Component I , a

dnmtmgenﬂz u H]&Bdﬂ&}%}w @w%qﬂ‘ﬁonswts of twoa -and

two g-subunycs. The o 0B gubunit structure is we]'l established for
compa wn &\3 ﬂ]@%c@d wqq ﬂﬁﬂ(}jﬁﬂ by the distinct
genes, nif D for u-subumt and nif K for g-subunit. The component II,
is a dinitrogenase reductase or iron protein (Fe- protein) which
consists of two a-subunit ("2) (Tanaka et al., 1977), coded by nif H.
By the sfudy of Azoto‘ba.c‘ter vinelandii, the nctivity of n’i/trogenase
required two nonheme iron proteins: component I- and component II

(Bulen and Le Comte, 1966). Component I which is also designated

the MoFe-p om‘“ﬁ'—‘mzﬁﬁ‘fmwurns et al., 170). 1L 18
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brasilense Sp7 (Elmerich,

a tetramer (a232) of 245,000 daltons (Swisher et al, 1977) containing
2Mo atoms per molecule (Bulen and Le Comte, 1966) and two different
molecular species of 61,000 deltons (a and g) (Swisher &t.al, 1977).
Molydenum was found to associate with component I as a cofactor

(Nagatani et al., 1974). Component II, also designated the Fe-protein,

is a dimer formed of two 1dent1cah

_‘ | } f 31,200 daltons,
containing 289 amino acids (Hausin ‘}?rit an&ﬂ, 1980) . The enzyme
i 7‘ as;Mand an activating

of Azospirillum brasilense :
t‘“"”ue'rim\mwny (Okon et al,
% )"* '

factor was found to be re
1977 and Ludden et al, 1

Klebsiella pneumoniae Mo

material was precipi’ta ted
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In general, nitrogen f1!'é”tf'1‘on is iro]'led by three factors,
L

Firstly, oxygen, the n1§rogena§e’cdrnple» en-fixing

organisms or diazotroplis-is-extremely s Ve to 0xygen, both
components are rap1d]y and 7 irreversioly vated upon exposure to -

air. However, nitrogenaserip,cell- free extracts of Azotobacter is

relatively oxygen ﬁlu ﬂ r; Mm @W&Jai Es Secondly,

nitrogen sources, mtrogenase can nét be synthesized when ammonia o
castly assinflathd 18 634 Soubdebd (o lrka ) ahing.ach ) ave
present in theq growth medium, In Azotobacter, when ammonium was added
to a nitrogen-fixing culture, nitrogenase biosynthesis stopped and

the rate of decay of activity was much higher than the expécted
dilution rate (Shan et al., 1972 ; Drozd et al., 1972). Final]y,r
molybdenum, it has been knb_wn for a lTong time that Mo is essential

for nitrogen fixation. When Azotobacter vinelandii was grown in




Mo-deficient medium containing tungstate, they produced an i“nactive
component I that could be reactivated in vivo by the addition of

‘molybdate to the growth culture (Nagatani et al, 1974).

Bishop et al (1980) showed that certain mutants of

Azotobacter vinelandii were unable to fix nitrogen in medium contain-

ing 10 uM Mo, however they were\ Ay/ow by nitrogen fixation when

Mesued the existence of a

wh1ch was expressed

Mo was absent. Form th1§ "_'"")"the

f'mtw,.‘
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Genet1c1stgi§fer to the gt

Genetics of nitrogen

bacteria to fix mt Ggen b,y the sh : n_1'f_+and nif will
i 1 e

wﬂd type and mutant nif dgenes ; N1f+ and Nif~

:::: to abﬂ‘ﬂu Bb"g Qﬂﬂwaﬁtwww ﬂ?en (Postgate,
QLW AR TREH AR WA Gebron

Azotobacter (Fisher and Brill 1969 ; Sorger and Trofimenkoff, 1970),

refer specifically to

our knownledge on the nitrogen fixation (nif) genes comes from the

study of Klebsiella pneumoniae. In this species the existence of a

good transduction system and the construction of plasmid pRDI (Dixon

et al, 1976 ; Postgate 1982) that carries the entire nif cluster of

Klebsiella pneumoniae are most useful in the development of nif genetics.



In Klebsiella pneumoniae, 17 nif genes are present in its

chromosome as a contiguous cluster orgainzed into 7 transcription
units (Dixon et al, 1980 ; Postgate, 1982). The nif map is presented
in figure 1. The products and functions of the nif genes of

K.pneumoniae are shown in table 1.

The structural genes fol n se nif H, nif D, nif K

and nif Y of K.pneumoniae. ons: Nif H codes for the

identical subunit vof‘c , nif D and nif K

code for the a and 8 nitrogenase ; the

function of nif Y is operon and a part

N
of nif E of K.pneumoni plasmid pACYC184

(Cannon et al, 1979), clone pSA30 is

)
Lo

shown in figure

cloned 'ﬂtrogen fixation genes

Bridized to DNA from 19 out of

1;“1 8) ) but ata mot
hybmdizgth ﬁm\ﬂlh %fﬁ % ﬁgﬂ(ﬁxmg Species.

As‘icompared to K. pneumoniae little is known a ou genetic of
nitrogen fixation of Azotobacter and Azospirillum. In early

experiments,
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F1gure e n1f gene cluster of Klebsiella pneumgniae MS5al.

A AR

In 1981, The arrows represent the operons'w1th1n the nif cluster and

the direction,of[their trahscription, The hatched genes are the

structural genes for nitrogenase.
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Table 1. The products and funtions of the nif genes of

Gene

Weoe T e R R

C N S T it

Note :

Klebsiella pneumoniae.

Rel, mol. mass ~ Function of product

of product (X103)

unknown | ”y unknown '
. / 1nvolved in synthesis or

—

——#nsertion of FeMoco of
ot - =

ulatory

,\;-u1atory

odes for a flavodoxin

:1;. .
3=

activates Kp2 '

S
3%

b

' modifies substrate

!h

A
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SAUTTREE

specificity of Kpl

R

ﬂuE!’JVIBmWEﬂTj‘E
qmIagrIiNmINTaR

es for ¢ sub-unit of Kpl

~ 56-60 ~ codes for a sub-unit of Kpl
31-39 | : | codes for sub-unit of Kp2
| 120 Sk electron input into
nitrdgenase

A more detailed table is given by Kennedy et al., 1981.
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A map of pSA30 demonstrating a number of restriction enzyme

clevage sites and their position relative to the Klebsiella pneumoniae
nif gene insert into EcoRI clevage site of pACYC184 and the gane

coding for tetracycline resistance (Tetr).
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5ECORI restriction fragments hybridize with pSA30 nif probe
were detected. Homology with 1imited to nif H and nif D genes of
K.pneumonieae. It is not clear why so many EcoRI restriction
fragments were found to hybridize with the probe. (Ruvkun and
Ausubel, 1980). The similar reuslt was presented by Jones et al

(1984), pSA30 was used to 1de 1 VA restriction fragments bearing

nitrogenase structural J‘pf ization to various restriction:
digests of genomic D ; and A, vinelandii. It was

found that for ea

¢ ,,déj:-ET‘EWO bands of hybridizatian

were seen for both s

In the cas hq;bSA30 nif probe hybridized
N -
with a single 6.7 k ' brasilense Sp7, whereas in
53
A. lipoferum Brl17, h ith two EcoRI fragments and
with a single Hind TT1f frat ’”‘ igek et al, 1982).

=€ ;fiment found in variety
of bacterial spegz}sq"“lti : s‘deg} closed circular DNA
molecules that range in size fromJ,kb to greater than 200 kb. Often,

plasnide oditaid 1ty %ﬁi‘ﬂ‘i%&l that) ger certatn

c1rcumstancgg, are advantageous to the_bacterial hos t.. For example,
it cant ity san|dends that lcoutrorled e eliithesilof bpeciric
enzyme(s) essential for bacteria, or some genes conferring resistance
to antibiotics or drugs, in some cases, they also have some genes
controlling toxins production, Theée genetic elements are sometimes
nonessential for growth so that under many conditions they can be

lost or gained without harm to the cell. In nitrogen-fiking bacteria,

there is recent evidence that plasmid plays an important role in
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determining the ability of Rhizobium to induce introgen-fixing nodules
on legume roots (Banfalvi et al, 1981 and Masterson et al 1985),
Moreover, some of the structural genes for nitrogenase (nif HDK) are

present on some plasmids of Rhizobium spp. (Uogumi et al, 1982), such

as Rhizobium jgponicum (Masterson et al, 1985), Rhizobium meliloti

(Banfalvi et al., 1981) and Rhizobium 1eguminosarum (Hirch et al,

el w///

In Azotobactemlphgm nt has been variously reported.
Sadoff gl_g_l (19.79‘. ‘tpmuld not be detected in
Azotobacter vinelandi s S( '_U W‘esented that no plasmid
was found in Azotobag J! di U i but some was found in

: 2)*~‘r$orted that Azotobacter

From the work of Wn %__(1984), all of eight strains
{ -’.!

B

of Azotobacter clikobcoccum examined csmmsgﬁ tween two and six

plasmids ranging~from 11 to over 33 . In addition, they

demonstrated theﬂ)results of‘studymg on tP{J function of plasmid in

¢ o
Azotobacterﬁ%g%f% sqf{ mﬁasmds after curing
ison between

by curing agént. Compar e plasmid arrays of the parent
) %ﬁ“‘ﬂﬂ?ﬁwﬁﬂ%“‘f?ﬂﬂ‘?ﬁﬂ PN
could fix nitrogen since they can grow well in unsupplemented Burk's
medium, The result indicated that the nif structural genes are on
chromosome., Antibiotic sensitivity was also unaffected by the lost

of plasmid.
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Most strains of Azospirillum contain at least.one to six

plasmid speciess ranging from 6 to over 500 kb, Spontaneous loss
(Franche and Elmerich, 1981) of some plasmids or curing by high
temperature (Heulin et al, 1982) or by acridine organge treatment

(Wood et al, 1982) was observed in Azospirillum. Phenotypic changes,

in particular ivh glucose utiliiation (Heulin et al, 1982) and in heavy

ly) concomitant with plasmid loss
were reported, :

D-etecfi.d of ple " , ~~"“ahne lysis method and
‘ 7/ .' \\

metals resistance (Wood

" KDH and nif Q - K probes
'\

1982) found that Azosplrﬂ]um

FACOC8 ( 300kb), which

s

showed homologies wi if H ;: | 0if ( . of K, pneumoniae.

_...'_,,r.i"‘ny/
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- OBJECTIVE OF THE THESIS

As mention earlier, the knowledge on the nitrogen fixation

system of Azotobacter spp. and Azospirillum spp. were limitted,

especially. on genetic studies as compared to Klebsiella pneumoniae.

There are no clear demonstration that a) the nif structural genes

are located on p1 asmid on chr r eiand b) which of the restriction
he \ T%al genes, especially for strains
which were 1so]atedﬁ‘i s.'ﬂ ‘:_-ﬁgrmore, it is interesting

to know about the homo leay.be ructural genes of

Azotobacter spp. or ‘AI»//J/ 1 e 1ebs1e11a pneumoniae.

questions. The

fragments are carrying

1. Detectionfof bﬂaﬁﬁi{i‘ﬂ"’_;ﬂz' obacter spp. and Azospirillum

spp. isolated from Th = d0 not contain any plasmid, it

would imply that the mf "Jg'_gu es might be located on the

P
..-.--__,_,‘___l__, 1I'{"

chromosome.

will b: ::ﬁ pzc])nem grn?;duatmnf:?::j:é pneumoni ae
A TR AR Tt -

Azospmﬂ]um DNA (chromosomal or plasmid) by Southern blot hybridization

technique, using the radioactive labelled pSA30, as the DNA probe.
This result should show restriction patterns of nif structural genes

on either chr'omosom’es.vor plasmids of Azotobacter and Azospirillum.

014420
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& A Determinatioh of homology between theiﬁif_sfrdctura]

gene fragments of Klebsie]la pneumoniae and Azotobactér or Azospirillum

by Dot blot hybridization techniques. This observation should be

useful to understand the extent of divergence of each nif structural

~genes between Klebs1e11a Qggumon1ae and Azotobacter spp. or .

Azospirillum spp.

)
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