Introduction

Nitrcgen is a key building element of protein and nucleic acid
molecules upon which all life is based on, thus it is an indispensable

component of simple organism sug

1 as bacteria as well as complex or-
ganism like higher plante ngtational cover of the earth

itrogen for growth, so it
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including rice is dependei

requires continual e of this form of nitrogen.

The available form g ammonium-nitrogen (NHT)
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and nitrate-nitrofe ation of nitrate, ammonia

or urea which ca tilizer, directly increase

crop yield. Howey =t o Y, et¥en by industrial process
is dependent on fos: ited that about 1.5 kg of

fuel oil is needed to ma f‘r“ " % i¥deliver 1 kg of nitrogen ferti-

lizer to the farm (1 4 Y3 todnvestigate an alternative

method for the -gf;.fl,~”g. from renewable source

such as biologica ;l itroge — paddy fields.
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dellvﬂry costs are not neccessary. To approach this aim, we must know

which N'z-fixing bacteria that account for Nz-fixatinn in our rice

ecosystem.



In the paddy fields, dinitrogen fixation associated with many
rice varieties were reported, including Nz-fixatinn contributed by
cyanobacteria that occurs on or in the leaf sheath, and basal portion
of shoot (2), and a large number of Nz—fixing heterotrophic bacteria

in the root zone (rhizosphere soil, rhizoplane and histosphere).

Particularly the heterotrophic bacteria strongly associated with the

rhizoplane of rice roots s for significant amount of

nitrogenase activity u_’*-, pacddy PLels 3-9}. Watanabe and Barraquio
. r d
had confirmed the N -Iidiane B vi k'-r-xw e rhizosphere isclates,

by using 5H -incorpo-

comparing with AzosgasT] 2

ration method and g / 1) \\\
0.25 atom % excess . 7. \\&\\

lipoferum SpBr 17 (£

suld incorporate 0.18-—
hich was lower than A.
ting Pseudomonas sp. H8

and A. 1iEfarm 34H

pot-experiment, the in

ely into wetland rice in

nly reproductive growth of
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by ricdlcould be too low to be detected significantly in the |

contents of rice plants (10).

Using the acetylene reduction assay of washed and surface

sterilized roots, 259 bacterial cultures were isolated from acid soil

and semi-acid soil of Thailand (4). All of them were Gram-negativae

rod. Only three representative bacterial cultures were selacted rrom



the top 8 % according to their acetylene reduction activity namely

R17, R15 and R25. The original information of these rhizospheric N,-

fixing bacteria are shown in Table 1.

Table 1 The original information of unknown bacterial cultures (4)

Bacterial Rice Rigey » Incubating | Optimum
code » medium |temperature
)
(o]
17R1a2 NF+YE 37
(R17) | !
15RR12 NF 37°
(R15}
255a12 NF+YE 42-46°
{R25)
E

The aim of this_ antify the genus of these 3

unknown Hz-fixi' ;;,.:.';.;iv zosphere of local
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cultivars of rice e ,cal characters with
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reference baﬂtarlai lanlates elsawhara-
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Psaudamanas was found to be the most predominant in wetland rice root

(2,6) and dominant in the histosphere samples (13). The histosphere
isolates were identified as Pseudomonas by gel immunodiffusion and
fluorescent antibedy techniques in combination with their biochemical

characteristics (14). Azospirillum was also found to associated with

wetland rice roots and stems (6,2). This genus has recantly attracted



the attention of microbiolegists, and ecologists. On the basis of

DNA homology studies, genus Azospirillum has been reclassified into

species : A. lipoferum and A. brasilense {15). Other metheds for the
identification these species is based on immunological and biochemical

techniques (16). Reports on the presence of Enterobacter and Klebsiella

in the rhizosphere of rice are scarce (17) and there appears to be no

published information availak o s denumeration of these entercbac-

teria. The physiology.ef N.-f: 1 V0l se organisms has been

i\_‘ of their nitrogenase

about the utilization

studied mainly to d
activity (18) but

of carbon and en ; oes

\\ ce (19).
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nst examinations have

been carried out wi

Because of
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geography i.e. tem&»ata regio Japa and #Hbpical region (Philippines,

Thailand); es iall¥ £heir specifi@/difference in biochemical characters.
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Since our reference bacteria are classified in three genera

i.e. Pseudomonas, Azospirillum and Klebsiella, minimum suitable bioche-

mical character were selected to distinguish one group of organisms

from the other. From the information of these roference strains (Table 2.)



Table 2 Information fo reference strains (14,16)
Family Genus

Enterobacteriaceae|Klebsiella

pseudomonadaceae |Pseudomonas

Spirillaceae Azospirillum | A. lipofmg FS

N

&um

B. llporerum 34H
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AR 34
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F:nelﬂ so1l

Hi nsphere

R

L.ncubat.ing Optimum |[G+C content
medium temperature | (moles %)
°c)
NF 35-37° 54.7
5 64.2
GYE 30
65.2
70.8
A NFb 35°
69.4
1




the mol % G + C content is one important parameter to distinguish

Klebsiella sp. from Azospirillum spp. and Pseudomonas spp. but not

crucial for the last two from each other.

Determination of the base composition of deoxyribonucleic acid (DNA)

There are three widely used methods of G+C content determination.

The oldest methoed is chemicall @Ral\#ie of DNA bases (20). The G+C
content of DNA has also ' irectly proportional to its
buoyant density (P) Schildkraut et al. (21) reported
that the GC contenty Be was correctly determined
using the buoyant fign used for calculation

is ¥G+C = 1038.47 — Bhe copskants in this equation are
slightly modified w : Sbactariel BNA are included. However,
problem of this meth 4 n thekdensity of odd bases or of
glucose. A good example jis _ ; o om even bacteriophage, whose
densities unpredictable £x 7 composition reflect their
hydraxymathylcyr Even without odd
bases, by using a base composition value
that is rather high fmpar:.ng :::- othars. The aﬂvantaga of this method
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the DNA.
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based on the thermal melting of DNA. Marmur & Doty (22) have shown

that the DNA bases composition is related to its thermal denaturation
temperature. From the data on 96 strains of bacteria, it was calculated
that &G+:C = 2.44 (Tm - 69.4°C). Tm appear to be unaffected by the
substitution of cytosine by hydroxymethylcytosine. This equaticon is

also wvalid for nonbacterial DNA. The linear relation between Tm and



buoyant density on identical samples shows that the base compositions
deduced from the linear relations are generally within the expected
probable error. A few deviations occur in the very low G#C region

(25 to 33 %). However in no case was the difference greater from that
corresponding to either 2.5°C or 0.006 g/c.cm. Thus, although some

further work remains to be dons en samples of very low G+C content

become available, the agceem nt ““‘mken as satisfactory over the

ed from either Tm or buoyant

Because of thafegtal # A1t -, tura methed, it was

selected for measurepénifof B4C cent . ~,5 ferences and unknown

\

When DNA is hghtge “4h Sc F 1O gharp increase in its extinc-
tion coefficient occcurs s f}f' i r8 where the transition takes
lace from the native, doublg-&i Ihstructure to the denatured state.
; 7
The temperature g pond in L EReTmIdPOYHt ©f the absorbance rise,

the Tm, is linea pase composition; a
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higher G+4C content cnfara a hlghar thermal stability. It can be sum.
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where Tm is ifjjdegree celcius and G+C rnfars to the mﬂka percentage
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this refation are no more than that expected from the uncertainties
of base analysis and the variations of a half degree in the reproduci-
bility of determining the Tm. Consequently it appears that the measure-
ment of the Tm is a satisfactory means of determining base composition
in DNA. The Tm values are most simply measured by following the
absorbance at 260 nm as a function of temperature of the DNA solution

and noting the midpoint of the hyperchromic rise. Only 10 to 50 pg of



DNA are required. The method proved to be highly reliable and repro-
ducible. Finally, by determining the Tm value several times on the
preparation, the uncertainty arising from the measurement itself can

be kept within the equivalent of 1 mole percent.

Recently, the determination of bacterial DNA base composition

by spectrofluorimetric method\hesfegn developed (23). The DNA was

stained in fluorescencagd 1" thEd 4% set4C content was determined

secondly the deterigsio guldibel dove o Wwhole cells, thereby

nd thirdly only small

\\\ ical problems emerged.
N\
\

steur pipettes were used for

circumventing the n
cultures were needed

First, one must avoid expoaing the bacterial

cells to the fluoresce d that if glass test tubes

were used for the assay orj

transferring a-ﬁ_il‘ nconsister #Sults Wefe) obtained. The other
\ e LY

point which beca =13 %3: longer than 10 min,

iy

the samples began ln lose their fluorescence. Finally it was found

that this sﬂ ﬂﬁnﬁﬂ w%t’wgfrﬂ ﬁeal for isolated

DNA. Theref8fe, this fluuraa¢ance tachnlquu is Lnapprapiata method
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DNA sequence homology

The second biochemical character used to identify unknown Nz-

fixers is the analysis of DNA homolegy by reassociation experiment.

Reassociation is the process of formation of double-stranded

molacules between two strands which are separated and at least one of



which is free to diffuse, logically should be called association,
since the two strands usually-eoma from difference original molecules.
The rate of reassociation is affected when the pairing sequences are
short or have noncomplementary bases. On the average, it appears

that the presence of enough unmatched bases to reduce the melting

temperature by 1u°c, will incragse the reassocciation time by a factor

of two (24). Thus, we us:

between unknown and ret

To ﬂatarmina t 2 pegbable belong to the same
genus, the DNA from § ¢ alua and reassociation

rate comparad to eac = DNA € ese different bacteria

were mixed and det \ ion time of the hybrid

DNA. If the reassocis id DNA were close to the

\
reassociation time o i s likely that the two

bacteria are related spec ffﬁ-uud4 they have similar base sequence
Ju
in their DNAs, S0

5 ed DNA molecules.

R

Thus, it |' 5 g -temperature methed is

I'|
;l 1 ]

determinat:l.on A by using

used for G-C conte e same sample, analysis

of DNA base ﬁqﬁﬂ?ﬂﬁmwmﬂﬁm easily performed

by this optic@l method.
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Another criteria that concerned in this study is the plasmid

pattern and the enzyme restriction cut pattern of the bacterial
chromosomal DNA. It is assumed that related bacteria should result

in similar plasmid pattern.
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Plasmid are small circular extrachromosomal DNA founded in
gsome bacterial cell. In general, they carry some genes that cortrolled
the synthesis of specific enzyme(s) essentially for bacteria or some
genes conferring resistance to antibiotics or drugs. In some cases,
they also have some genes controlling toxins production. By conjuga-

tion, plasmid can be transfferred into new bacteria and then transfer

nonessential for gro : 1 conditions they can be

lost or gained without

To determ \ harbors plasmids, it

is necessary to i on procedures. Chromo-
somal and plasmi cells that are treated
with lysozyme and @ DNAs are freed of RNA
and proteins by RNas s that are followed by
extraction with phenol. enol extraction, the plasmid
DNA is released from nal complex by a shearing

step or by SDS ; =iicies - _‘ﬁ"_“—T:‘- resolved as

covalently closed :; il [ 1 sopycnic centrifugation in
W : I

cesium chloride congaiping ethidiug bromide (26).

i E'luﬂ’mfmﬁ b () 1h T be ISR
MY AL IR LoV ILT4E

tics of covalently closed circular deoxyribonucleic acid (DNA) that is
released from cells under conditions that denature chromosomal DNA by
using alkaline sodium dodecyl sulfate (pH 12.6) at elevated temperatures.

Proteins and cell debris were removed by extraction with phencl-chloro-

form. Under these conditions chromoscmal DNA concentrations were
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reduced or eliminated. The clarified extract was used directly for

electrophoretic analysis.

As for DNA cutting by restriction endonuclease, EcoRI extracted

from Escherichia coli RY 13 was used. It has specific hexa-nuclectide

recognition sequences with the cleavage site on double-stranded DNA.

Target nuclectide sequence {5‘; 3 for EcoRI is GJ'MTTC. After cutting

T

DNA fragments with 5 coh&&ive edd Su# obtained (28).

These DNA frdgn acted to agarose gel electro-

phoresis. By comparison Wf tha ra tion pattern of DNA fragments,

identical bacterial ge pattern.

Finally §ofisupport | ‘d form these genotypic

- )
~and physiinal properties as
shown in Tab ﬁ j)ﬂ:ﬂ iﬂﬂmj Positive test for
Voges-Proskale) ion, lﬂ malonate utilization

serve H;I igk o ;[jﬂ bT uﬂ As for
. ‘ e i
Azospiﬂl a, e different from the other two genera

with respect to cultural characters i.e. growth on rich or nutrient

b |
characteristics, o ther biochemica

agar plates, and physiological characters especially their requirement
to biotin for growth which can also distinguish the two species of this

genus; A. lipoferum and A. brasilense from each other.
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Tablae 3 Distinction bestween reference strains on the basis of pheno-

typic characters.

Character L
lebsiella spp.|Azospirillum spp.|Pseudcmonas sSpp.
or test
Voges-Proskauer + - -
Indole production + - -

Malonate utiliza-
tion
Colonies on rich

agar plate

Colonies on

of 3% NaCl
Growth in presence|

of 5% NaCl

Biotin requiremeqd

m 5 ted that R15 and
R17 were Klﬂﬁza like s ile mﬁcﬁ; belong to

iiirga 1§i{ or growth
and it gould grwmsMi m “0.5 % glucose

in place of malate, R25 was identified as A. lipoferum strain.

In order to confirm the conclusions, R15 and R17 were cultured

in specific defined medium of Klebsiella spp. and were tested for Hz_

fixing activity (ARA) whereas R25 was cultured in NFb medium of

Azospirillum spp. In addition, R25 was tested for ARA under microaerobic
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conditions because Azospirillum spp. can only fix Nz under this con-

dition not aerobic or anaerobic conditions.

After the identification and characterizaticon of these NZ'

fixing isolates form the rhizosphere of rice, it is hoped that their

fixing potential can be improved, by genetic manipulation, so that

Autingningns
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