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Isolation of Nitrogen-Fixing Bacteria from Gramineous Crops and Measurement of Nitrogenase Activity.
Choi, Eun-Hwa, Sang Eun Lee, Ki Soon Yoon!, Duck-kee Kwon!, Jae-Keun Sohn?, Seung-Hwan Park?,
Myung-Sook Han, and Sa-Youl Ghim*. Department of Microbiology, ' Department of Biology Education, and
2Department of Agronomy, Kyungpook National University, Daegu 702-701, Korea, *Genome Research Center,
KRIBB, Taejon 305-600, Korea - For researching nitrogen-fixing bacteria associated with gramineous crops, we
collected growing roots of rices, wheats, oats, barleys, ryes, and maizes at 19 sites of southern Korean peninsula.
Endophytes and free living bacteria were isolated from those crop roots. Sixty-three isolates were classified on the
basis of different morphology, size, color, host of colony, and the 16S rDNAs sequence. The analyses of PCR ampli-
fication for nifH gene and nitrogenase activity assay, revealed that all isolates contained nitrogen-fixing abilities. In
addition, most of them have cellulase activity which is one of the common features of endophytic bacteria from plant.
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Fig. 1. PCR amplification with chromosomal DNAs of nitro-
gen-fixing bacteria. Panel A, amplified 1.4 kb DNA fragments by
16S rRNA gene primer: lane M, DNA size marker; lanel, Wk2;
lane 2, WKS5; lane 3, Wk6; lane 4, M2; lane 5, R4. Panel B, ampli-
fied 0.4 kb DNA fragments by nifH gene primer: lane M, DNA
size marker; lane 1, R211.
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Table 1. Identification of strains isolated from gramineous crops by 16S rDNA sequence analysis.

Strain® Homologous microorganism (% identity) Strain® Homologous microorganism (% identity)

R1 Agrobacterium tumefaciens (98%) M101 Rhizobium sp. (99%)
R2 Pseudomonas putida (99%) M102 Pseudomonas sp. (99%)
R3 Stenotrophomonas maltophilia (98%) M103 Novosphingobium subarcticum (98%)
R4 Sphingomonas sp. (98%) B1 Rhizobium tropici (99%)
RI' Azorhizobium caulinodans (99%) B2 Pedobacter sp. (97%)
R2 Mycobacterium sp. (98%) B3 Sphingobium yanoikuyae (99%)
R201 Xylophilus ampelinus (96%) B101 Agrobacterium tumefaciens (99%)
R202 Pseudomonas sp. (98%) B102 Stenotrophomonas maltophilia (98%)
R203 Sphingomonas sp. (99%) Wki1 Rhizobium sp. (99%)
R204 Sphingomonas pituitosa (98%) Wk2 Agrobacterium tumefaciens (99%)
R205 Achromobacter xylosoxidan (98%) Wk3 Sphingomonas sp. (97%)
R207 Bacillus sp. (98%) Wk4 Stenotrophomonas maltophilia (99%)
R208 Afipia genosp (99%) WKS5 Xanthomonas cynarae (98%)
R209 Agrobacterium sp. (97%) Wké Xanthomonas cynarae (99%)
R210 Enterobacter agglomerans (98%) Wwk2 Sphingomonas sp. (97%)
R211 Klebsiella pneumoniae (98%) Wk3 Methanotrophic bacterium (99%)
R212 Terrabacter tumescens (99%) Wml Rhizobium sp. (98%)
R213 Mycobacterium sp. (98% ) Wm2 Stenotrophomonas minatitlanensis (98%)
R214 Stenotrophomonas maltophilia (98%) Wm3 Agrobacterium tumefaciens (98%)
R215 Pantoea sp. (97%) Wm4 Chryseobacterium delfluvium (97%)
R216 Agrobacterium tumefaciens (99%) Wml' Arthrobacter nicotinovorans (98%)
R301 Herbaspirillum seropedicae (99%) Wm2' Arthrobacter histidinolovorans (99%)
R302 Aureobacterium resistens (97%) Ryl Agrobacterium tumefaciens (99%)
R303 Rhizobium sp. (99%) Ry2 Pseudomonas sp. (99%)
R304 Delftia acidovorans (99%) Ry3 Stenotrophomonas maltophilia (99%)
R305 Microbacterium sp. (99%) Ry4 Pseudomonas sp. (98%)
R306 Pseudomonas alcaligenes (99%) RyS Pseudomonas graminis (98%)
R307 Azospirillum sp. (99%) Ryl Sphingomonas asaccharolytica (98%)
M1 Pseudomonas sp. (98%) Ryl101 Stenotrophomonas maltophilia (99%)
M2 Azospirillum sp. (99%) Ryl102 Stenotrophomonas maltophilia (99%)
M3 Arthrobacter sp. (98%) 0alol Plantibacter flavus (99%)

0al02 Variovorax paradoxus (99%)

®R, rice; M, maize; B, barley; W, wheat; Ry, rye; Oa, oat.
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Fig. 2. Phylogenetic tree based on the 16S rDNA sequence. The diagram shows the phylogenetic relationships between isolates and
known nitrogen-fixing bacteria. The phylogenetic tree was constructed using the neighbor-joining method[15].
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Table 2. Comparison of nifH gene sequences from isolates with
other known data.

Accession number
in GenBank

R201 AF545639

Strain Amino acid homology (%)

Burkholderia sp. NifH protein (96%)
Klebsiella pneumoniae nitrogenase
iron protein (98%)

Serratia marcescens dinitrogenase
reductase (94%)

R210 AF545637
R211 AF545638
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Fig. 3. Concentration measurement of ethylene produced fron
acetylene. Ethylene concentration was measured using gas chro
matograph. Peak 1, air; peak 2, ethylene gas; peak 3, acetylene gas
R301, isolated from rice; B2, isolated from barley. In control, acet
ylene gas was injected into the test tube that wasnt inoculated th
strains.



Table 3. Nitrogenase activity of strains by ARA and cellulase
activity.

ARA (nmol of C;H4 h-1 mg

Strain of protein-!) Cellulase activity®
R3? 4.66 +
R1 19.53 -
R201 1.93 +
R203° 4.41 +
R205 0.18 -
R207 6.49 +
R208 5.47 -
R209 0.53 +
R210 29.15 +
R211 13.06 +
R212 3.05 -
R213 0.76 +
R301 22.56 +
R302 0.60 +++
R303 1.2 +
R304 1.88 +
R305 0.18 +++
R306 0.7 +
M2 25.64 +
M103 0.43 +++
B2 17.06 +
B3 12.40 -
WkS 0.47 +
Wk3' 4.02 -
Wml' 8.17 +
Wmé4' 1.05 +
0al01 0.37 -
0al02 5.11 +

2b No nitrogenase activity from precultured samples for 48 h before
acetylene injection. But positive nitrogenase activity by ARA from
precultured samples for 24 h.

¢ Cellulase activity: +++, high; +, positive; , negative.
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