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Nitrogen-fixing bacteria were isolated from the rice rhizosphere of various paddy fields in our country. The screen-
ing of 238 isolates for nitrogen-fixing ability resulted in the isolation of Enterobacter agglomerans NFB264 and three
Klebsiella pneumoniae NFB 3, NFB 278, NFB320. Plasmids of various molecular weight from 1.7 to more than 84 Mal.
were detected by agarose gel electrophoresis in three out of four isolates. But, these plasmids had not any nitrogen-
fixing genes. Hybridization experiments using Klebsiella pneumoniae M5al nitrogen-fixing genes, nifQ-K and nifDH, as
probes revealed the presence of homologous sequences in the chromosomal DNA of all isolates. However the restric-
tion patterns of nif genes of the isolates by various restriction endonucleases were different to those of Klebsiella

pneumoniae M5al.
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Table 1. Acetylene reduction activities of the

nitrogen- fixing isolates.

strain activity (umole C,H,/day/vial)
NFB 2 1.96
NEFB 3 2.94
NFB5 2.44
NFB8 1.29
NFB 10 1. 589
NFB 264 3.83
NFB 278 2.51
NFB 320 2.72
K. pneumoniae Mb5al 2. 02

One ml culture was aseptically added to 10ml of
its N-free semisolid medium in 25ml vial and incu-
bated for 2 days at 30C. Cotton plugs were ch-
anged to serum stopper then under 3 % C,H,, 97
% Ar. The vials were again incubated for 3days
at 30C, after which C,H, formed was measured.
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Table 2. Typical APl 20E test results for the

isolates.
test NFB NFB NFB NFB
-3 -264 -278 -320
g -galactosidase + + + +
arginine dihydrolase — — -~ -
lysine decarboxylase (+) — (+) (+)
ornithine decarboxylase — — -~ —
citrate + + + +
production of H,S — — — —
urease — - ~ —
tryptophane deaminase — — — —
indole - + — —
Voges-Proskauer + + -+ +
gelatin liquefaction — — — —
glucose + + -+ +
mannose -+ —+ + -+
inositol + — + +
sorbitol -+ — -+ —+
rhamnose + + + +
saccharose + + + +
melibiose + — + +
amygdaline + + + -+
arabinose + -+ + -+
cytochrome oxidase — — — —
production of nitrite - + — -
production of nitrogen + — -+ +
motility — + ~ -
MacConkey + + + +
oxidation & fermentation
of glucose + + -+ +
catalase + + -+ -+
+: positive, (+); weakly positive, —; negative
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Fig. 1. Agarose gel electrophoresis pattern of
plasmids of the isolates.
lane 1 ; E.coli V517, lane2 ; NFB3
lane 3 ; NFB264, lane4 ; NFB278,
lane 5 ; NFB2320, pla.; plasmid, chro.;
chromosome, m. w. ; Mdal.
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Fig. 2. Agarose gel electrophoresis of the isolate
plasmids and Southern hybridization with
nif probes.

lanel ; NFB 3, lane2; NFB264, lane 3
; NFB278, lane4; NFB 320, lane #
plasmid pCM 1 (15.7Mdal.), pSA30 (6 9Mdal ),
pKO11 (2. 6Mdal. ), lane 1/, 27, #
are hybridization pattern for nif Q—K probe.
lane 17, 27, 3”, 47, #” are hybridization
pattern for nif DH probe.
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Fig.3. Southern hybridization of Hind Il diges-
ted total DNA of the isolates with nif

probes.

(A); nif Q-K, (B); nif DH

lane 1 ; digest of NFB3, lane2 ; digest
of NFB264, lane3 ; digest of NFB278,
lane 4 ; digest of NFB320, laneb5 ;digest
of K. pneumoniae M5al, lanetf; pCM
1-Hind 1II, pCM 1-EcoR 1 & Hind 111
fragments lane 17, 2/, 3,47, 5", #’ are
hybridization patterns.
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Fig. 4. Southern hybrization of EcoR I digested

total DNA of the isolates .with nif probes.

(A); nif Q-K, (B); nif DH

lane 1 ; digest of NFB 3, lane2 ; digest
of NFB264, lane3; digest of NFB278,
lane 4 ; digest of NFB320, lane5 ; digest
of K.pneumoniae M5al % ; pCM 1-HindlIll,
pSA 30-EcoR I,pSA 30-Hind 111 & EcoRI
fragments as control

lane 17,2, 37,47, 5, %’ are hybridization
patterns.
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Table 3. Restriction analysis of nif genes of
the isolates by Southern hybridization.
(molecular weight; Mdal. )

<

restdiction

strain nif Q-K nif DH
enzyme

Bam HI NFB3 14.0,4.7,3.5 6.4,4.7,1.0
NFB264 14.0 14.0
NFB278 14.0,4.7,3.5 14.0,4.71.0
NFB320 4.7,3.5 4.7, 1.0
M5al 4.7,3.5,1.9,1.5, 1.2 14.0,4.7

EcoR T NFB3 13.5,11.5 13.0
NFB264 14.0,3.4 3.5,2.5
NFB278 13.5,11.5 13.0,7.4,3.5
NFB320 13.5,11.5 13.0
M5al 5.7,4.53.9,1.3 4.5

Hind I NFB3 11.5 8.6,2.2,2.0
NFB264 11.5,5.5 13.0
NFB278 11.5,5.5 13.0,8.6
NFB320 1.5 13.0,8.6
M5al 11.5 13.0

Pst T NFB3 1.0,0.9,0.7 2.1
NF B 264 12.5,10.3,3.2 8.6
NFB278 1.9,1.2,0.9,0.7 2.1
NFB320 not digested not digested
M5al 2.8,2.2,1.7,0.80.6 2.1

Sal I NFB3 2.5,1.8,1.5 2.0
NF B 264 5.8,3.6,2.7,2.5 2.9
NFB278 2.5,1.8,L7,15 2.0
NFB320 2.5,1.8,1.7,1.5 2.9
M5al 2.6,2.4,1.8,1.6,1.5,12.4

1.51.0

Xpo I NFB3 14.5,5.4,2.7,2.5 2.6
NFB264 14.5,8.4 15.0
NFB278 14.5,5.4,2.5 2.6
NFB320  14.5,5.4,2.5 2.6
M5al 14.5 14.0
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