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HEX! X](}(2}{13'0, 50 mg; MgSO, - TH,0, 10 mg: NaCL 5
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Table 1. Classification of soil bacteria on growth pattern of the 35
bacteria in different concentrations of nutrient broth
Dilution of nutrient broth No. of =
Ty pe 3 - - 1 . 5
107 10~ 107 107! 1 isolates =
I — + + + + 29 s
II + + + + 32 %
I - + + + - 41 S
v + + + + - 60 EL
Total 162 3
“Growth response; +, growth was observed; —, growth was not 3
observed. g_
o
c
92
>
R A g At (obligate oligotrophic bacteria)ol2bal & 4= gt} u£.|
(20). & AFAXE= Type IVE AFFAToz Hoslarn 60742

5 o] SFArk(Table 1). 0 o
0 20 40 60 80
AATINS
ED—I]—QO o s . . Time (hr)
TRl A 4] 7he st APl & o el g g Fig. 1. Acetylene reduction to cthylene by MAS4T.

Table 2. Cellular fatty acid compositions (%), quinone system, and G+C contents(mol%) of isolates

Oligotrophic-nitrogen fixing isolates
MH546  MFI00 MH615 MA896 MF834 MH866 MFI60 MF777  ML722  MI327  MASO3

Characteristics

Fatty acids*
Saturated
12:0 0.7¢ 0.6 0.9 0.5 1.3
16:0 9.5 10.9 174 16.8 11.8 115 11.8 14.1 6.5 9.7 10.0
17:0 09 0.3 1.6 tr 0.9 r 04
18:0 1.7 1.1 1.5 8.7 8.3 8.9 8.7 11.7 12.9 28.7 322
19:0 12 159 184 16.0 5.8 7.1 11.6 33
Unsaturated
16:1(9) 33 3.2 2.2 6.9 4.1 35 21 3.0 4.8 2.2 8.1
18:1 82.0 84.1 77.5 60.5 4.6 39.2 45.6 58.9 558.5 319 425
20:1 1.2 15.3 16.8 152 10.3 3.1
Methyl-branched
15:01is0 1.2
17:0 iso 0.9 23
17:0 anteiso 04 0.3 0.8 03 4.5
19:1 150 0.4 3.1 4.5
Hydroxy
12:0 30H 0.4 0.5 0.5 0.5
14:0 30H 04 tr 04 04
Quinone system Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10
G+C mol % 62 62 62 62 64 64 64 64 63 63 61

“Fatty acid composition (%o).

*Shorthand names of fatty acids:12:0; dodecanoic acid, 16:0; hexadecanoic (palmitic) acid, 17:0; heptadecanoic (margaric) acid, 18:0; octade-
canoic (stearic) acid, 16:1(9); cis-9 hexadecenoic (palmitoleic) acid, 18:1; octadecenoic (vacenic) acid, 15:0 iso; 10 Q-10, 13-methyl tetradecanoic
acid, 17:0 iso; 15-methyl hexadecanoic acid, 17:0 anteiso; 14-methyl hexadecanoic acid, 12:0 30H; 3-Hydroxydodecanoic acid, 14:0 30H; 3-

Hydroxytetradecanoic acid.
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YASAEY S Fig. 19] HERAATE MHS47HT-5
sloll A Axujer sPAA ZH3 At 1277 ?TH o ello]
A 7] Al FE 96*]7]' o]Fo= Aol ofEA YAEES

VRN ohE fFo] tiaiM s 28 E4do] Bakso] Aok
*ﬂ% Folle A& é%—% Zhe Aol thgs EgtElo} S-S
24 5 AU

TR X)W =
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B 28 APdew % FRIHALE, MASH, MFI00,
MH615, MA896 T3 C, & 60~84% ©1d ohF FHshs &
AL vepAleh gk 2R € Cpup Cloo® 212 5
K Table 2).
QuinoneZ

Isoprenoid quinone®] A1, R 7‘-r— ubiquinones ¥
T3k Aeh HPLCO] o7 A=A 43 Q100] 2
ubiquinone ©_2 98%°]% ﬁ%ﬂ‘?\iq('rable 2).

G+C &g

0.01

85 74

L. MH547 —
Afipia clevelandensis

g—":— Nitrobacter hamburgensis
Nitrobacter winogradskyi

100

100 81

100
Rasbo bacterium

MA803

xojerd A s Te] 2FHE B 117
11522 G+CEHS FAS A1 61~64 mol%e] HAE
B ATH Table 2).
16S rDNA 7MY
o4 4 A43}7] ¢l

LA A ]lxnﬂ”,t/] A zal-zq Q= ]g
168 rDNAS] 7|4 H (1383~ 1468 bpr 27
W 2 EkaHE A AsE HEYEE Proteobacteria o-subdivision ¢
o] gt 4702 FF(MH615, MF100, MA806, MH547)2
TE cluster [
Blastobacter "2 Nitrobacter®l) %8152, cluster 110 £:8= 47§
o] WFMF777. MFI60, MHS866, MF834)&=
elkanii®l 301, cluster 1T (ML722, ML327)S Afipia=s.
cluster IVE= Rasho bacterium®l] ‘—O}Oiq(f*lo 2).

Cluster 19} #8) HFE52

o] Ee AHEA (similarity)s VERNSA
JEFTF T Agromonas oligotrophica’ (D7836)2FE 97.2~98.9%
o] A58 eI Cluster N0} &rdhke 219075 Brady-
Fhizobium elkanii®] W IFFE5} 089 o4kl & AsAl-g o
Efio] Fejg 1ol Aderd AaargAt & 8L
Bradvrhizobium japonicum B Bradvehizobium elkanii®t 578
TS VERIAL 0S-5 2  SASITHTuble 3).

MH615
97
_E—— MF100
Bradyrhizobium japonicum

@radyrbizobium Jjaponicum USDA110

MAB896 |

Agromonas ofigotrophica

QE—L Blastobacter denitrificans

Bradyrhizobium japonicum LMGB138T

St A3 quinone &
o]

Bradvrhizobium  japonicum,  Agromondas,

Bradyrhizobium

Bradyrhizobium japonicum@} 98%

o HGdg At

,.r

Bradyrhizobium elkanii  USDA94 =
MF777
MF160
MH866
MF834 n
radyrhizobium  sp. LMG8980

Bradyrhizobium sp. LMG10689
Bradyrhizobium sp. LMG3520
Bradyrhizobium  elkanii USDA130 _]

5 Afipia genosp. F872
4 EMLTZZ
100 ML527 1]

Bradyrhizobium sp. SH283012

le

—— Rhizobium leguminosarum

LAgmbacterium tumefaciens
Fig. 2. Phylogenetic tree showing relatedness of nitrogen-fixing oligotrophic bacteria by neighbor-joining grouping of the aligned sequences of the

16S rDNA. Bar indicates 0.01 base substitution per nucleotide.
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Table 3. Similarity (%) of strains on the basis of 16S rDNA sequence analysis

Strain 1 2 3 4 5 6 7 8 9 10

11

12 13 14 15 16 17 18 19 20 21 22

1

979
98.7
98.8
98.5
98.1
98.3
97.4
97.1
96.2
96.6
96.6
96.6
96.6
96.4
95.0
952
94.3
95.5
90.8
90.9
88.3

97.6
97.3
97.2
96.9
97.0
96.4
96.1
94.9
95.6
95.5
95.5
95.4
95.6
93.3
939
933
94.1
90.1
90.2
87.7

99.4
98.9
98.6
98.8
97.5
97.0
96.9
97.3
97.1
97.1
97.1
97.0
95.0
955
94.6
95.5
90.9
91.1
87.9

98.8
98.6
98.7
973
97.3
96.5
96.9
96.9
96.9
96.9
96.7
95.3
953
94.5
957
90.8
90.9
88.0

99.1
98.4
972
972
96.2
96.9
96.8
96.8
96.9
96.8
95.3
95.8
95.0
96.2
914
915
88.0

97.7
96.7
96.7
96.0
96.7
96.5
96.5
96.5
96.4
95.1
95.8
94.6
96.1
91.0
91.5
88.4

98.1
97.8
97.1
97.4
97.3
97.3
97.3
97.1
95.5
96.1
95.3
96.4
91.6
91.4
88.5

NeRNo LIRS =) N T O SS I S ]

97.1
95.5
96.2
96.2
96.2
96.2
96.3
95.3
95.7
95.0
95.8
91.8
92.0
88.6

96.2
96.2
95.8
95.8
959
96.3
95.1
95.7
94.6
95.3
91.5
914
88.0

—
<

98.5
98.3
98.3
98.3
98.3
96.5
96.8
95.8
96.6
91.1
90.9
88.2

—
—

22

99.4
994
99.4
99.1
96.3
96.8
96.0
972
91.8
91.6
89.0

9.4
9.4
989
96.2
96.7
95.7
97.1
91.2
913
88.4

99.4
98.9
96.1
96.7
95.8
97.0
91.3
91.3
88.2

99.0
96.2
96.7
96.0
97.0
91.3
91.3
88.3

96.8
972
96.6
96.9
91.5
91.7
88.7

98.9
97.8
98.6
NI
92.6
88.2

98.9

99.2 98.1

925915 926

92.5 91.5 92.5 98.0

89.0 87.9 88.8 91.6 91.5

1, MH615; 2, MF100; 3, Bradyrhizobium japonicum (X87272); 4, MA896; 5, Agromonas oligotrophica (D78366); 6, Blastobacter denitrificans
(X66025); 7, MH547; 8, Afipia felis(M65248); 9, Nitrobacter hamburgensis (L11663); 10, Bradyrhizobium elkanii USDA94(D13429); 11, MF777; 12,
MF160; 13, MH866; 14, MF834; 15, Bradyrhizobium sp. LMG 10689; 16, Afipia genosp. F872(UR7763), 17, ML722; 18, ML527; 19, Bradyrhizobium
sp. SH283012 (AF041446); 20, Rasbo bacterium (AF007948);2 1, MABO3; 22, Rhizobium leguminosarum (X91211).
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ABSTRACT : Taxonomic Characteristics of Nitrogen-Fixing Oligotrophic Bacteria from Forest Soil

Kyung-Sook Whang (Department of Microbiology, Mokwon University, Dagjon 302-729,

Korea)

Many isolates from different forest soil layers did not show appreciable growth on full strength of the con-
ventional nutrient broth (NB medium) but grow on its 100-fold dilution (DNB medium). These isolates were
divided into four types according to organic nutrient concentration in the growth medium from 17" 1o 10™
dilution of normal NB medium. Oligotrophic bacteria were type Il and type IV which grew in 10~ dilution of
NB (1 mg C/l) medium. Sixty strains were isolated for obligate oligotrophic bacteria. Chemotaxonomic and
phylogenetic characteristics of eleven isolates of acetylene-reducing (nitrogen-fixing) oligotrophic bacteria
trom forest soil were investigated. They showed similar characteristics: the cellular fatty acid mainly con-
sisted of straight-chain unsaturated C, . (60-84% of total fatty acids). Ubiguinone Q-10 and a high guanine-
plus-cytosine content (61-64 mol%) were found. Eleven isolates of nitrogen-fixing oligotrophic bacteria were
found to be closely related by full 16S rDNA sequence simility and many common taxonomic traits. Analysis
of full 16S rDNA sequences of eleven isolates indicated that they were more closely related to Bradyrhizo-
bium (similarity values: 98.1-98.8%), Agromonas, Nitrobacter, and Afipia.



