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Statistics of isolates from non-saline soil samples

Sampling site Moderately halophilic bacteria

Slight halophilic bacteria

Halotolerant bacteria Total

Non-saline forest 2
Non-saline garden
Non-saline paddyfield
Non-saline sand

Total

0w O W W

35 47
18 25
25 33
9 9
87 114
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Table 2 Phylogenetic closest neighbors of halophilic and halotolerant bacteria isolated from Xiaoxi National
Natural Reserve as determined by 16S rRNA gene sequence analysis
Phylum/ Family Strain (accession number) Closest type strain (accession number) Similarity/ % lzzgtlir:il:f;/%
Actinobacteria (18/61)
JSM 081041 ( HM054453) Brevibacterium casei NCDO 2048" ( X76564 ) 100 0-20 (0-2)
Brevibacteriaceae (3) JSM 081045 ( HMO054454) Brevibacterium casei NCDO 2048" ( X76564) 99.7 0-15 (0)
JSM 081046 ( HM054455 ) Brevibacterium casei NCDO 2048" ( X76564) 99. 5 0-20(0-2)
Dermabacteraceae (1) JSM 082044 ( HM054504) B"”h’,fb"“"i”m paraconglomeratum LMG 100 0-15 (0-2)
19861" ( AJ415377)
Microbacteriaceae (1) JSM 082020 ( HM054456) Microbacterium paraoxydans CF36" (AJ491806) 99.3 0-5(0)
JSM 081031 ( HM054457) Arthrobacter nicotinovorans DSM 420" ( X80743) 98.3 0-8(0)
JSM 081044 ( HM054458) Arthrobacter rhombi F.98.3HR. 69" ( Y15885) 98.0 0-15 (0)
Micrococcaceae (5) JSM 082002 ( HM054459) Arthrobacter humicola KV-653" ( AB279890) 99.7 0-8(0)
JSM 082018 ( HM054501) Arthrobacter humicola KV-653" ( AB279890) 99.7 0-8(0)
JSM 082038-1 (HMO054460)  Arthrobacter defluvii 4C1-a" ( AM409361 ) 98.5 0-5(0)
JSM 082046 ( HM054461) Nocardia elegans IMMIB N-402" ( AJ854057) 100 0-5(0)
Nocardiaceae (3) JSM 082050 ( HM054462 ) Nocardia elegans IMMIB N-402" ( AJ854057) 100 0-5(0)
JSM 082010 ( HM054463) Rhodococcus qingshengii djl-6" (DQ090961 ) 100 0-15 (0)
) Streptomyces chrestomyceticus DSM 40545"
JSM 082030 ( HM054503 ) (AJ"6216y09) y 100 0-10 (0)
Streptomycetaceae (3)  JSM 082054 ( HIM054464) f‘g’i;’:i?ﬁ")"""i"mmmﬁ”“" NBRC 12814 98.5 0-5(0)
JSM 082087 ( HMO54465) f‘}’\ eﬁ;‘;’g?gﬁ)“"“”‘” Tavus JCM 6918° 99. 6 0-10 (0-5)
Thermomonosporaceae (1) JSM 082016 ( HM054466) Actinomadura latina DSM 43382" ( AY035998) 98.0 0-5(0)
Yaniellaceae (1) JSM 070026 ( FJ524720) Yaniella flava YIM 70178" ( AY684123) 99. 4 0-20 (5-8)
Firmicutes (38/61)
JSM 082014 ( HM054467) Bacillus aerophilus 28K" ( AJ831844) 100 0-20 (0-5)
JSM 082021-1 (HM054502)  Bacillus aerophilus 28K" ( AJ831844) 100 0-20 (0-2)
JSM 082081-1 ( HM054507) Bacillus amyloliquefaciens ATCC 23350" ( X60605) 99.5 0-10 (0)
JSM 082080 ( HM054506) Bacillus clausii DSM 8716" ( X76440) 99.7 0-15(0-2)
JSM 082091 ( HM054469) Bacillus clausii DSM 8716" ( X76440) 99.5 0-15 (0-2)
JSM 081002 ( HM054470) Bacillus firmus NCIMB 9366" ( X60616) 99. 4 0-10 (5-8)
JSM 081010 ( HM054471) Bacillus firmus NCIMB 9366" ( X60616) 99. 0 0-15(5-8)
JSM 082076 ( HM054472) Bacillus horneckiae 1P01SC" (EU861362) 99.8 0-20 (0)
JSM 081003 ( HM054473) Bacillus lehensis MLB-2" ( AY793550) 99.5 0-15(5-8)
JSM 081004 ( HMO054474) Bacillus lehensis MLB-2" ( AY793550) 97.8 0-15 (2-5)
JSM 082097 ( HM054508 ) Bacillus licheniformis ATCC 14580" ( CP000002) 99. 8 0-20 (0)
JSM 081037 (FJ524722) Bacillus rigui WPCB074" (EU939689) 100 0-15(0-5)
JSM 081005 ( HM054475) Bacillus marisflavi TF-11" ( AF483624) 97.9 0-15 (0)
JSM 081035 ( HM054476) Bacillus marisflavi TF-11" ( AF483624) 99. 1 0-15 (0)
JSM 081006 (HMO054477)  Bacillus marisflavi TF-11" ( AF483624 ) 96.9 0-15 (0)
JSM 081022 ( HM054478) Bacillus megaterium TAM 13418" (D16273) 99.3 0-15 (0)
Bacillaceae (33) JSM 081043 ( HM054479) Bacillus megaterium 1AM 13418" (D16273) 99.2 0-20 (0)
JSM 081047 ( HM054480) Bacillus megaterium TAM 13418" (D16273) 98.9 0-15 (0)
JSM 081049 ( HM054500) Bacillus megaterium TAM 13418" (D16273) 99.2 0-20 (0)
JSM 081050 ( HM054481) Bacillus megaterium 1AM 13418" (D16273) 99.3 0-20 (0-2)
JSM 082008 ( HM054482) Bacillus megaterium 1AM 13418" (D16273) 99. 1 0-10 (0-2)
JSM 082040 ( HM054483) Bacillus megaterium 1AM 13418" (D16273) 99.4 0-20 (0-5)
JSM 082107 ( HM054484) Bacillus megaterium TAM 13418" (D16273) 99.5 0-20(0-5)
JSM 082108 ( HM054485) Bacillus megaterium 1AM 13418" (D16273) 99. 4 0-20 (0)
JSM 081015 ( HM054486) Bacillus patagoniensis PAT 05" ( AY258614) 98. 4 0-15 (5-10)
JSM 082056 ( HM054505) Bacillus pumilus DSM 27" ( AY456263) 99. 8 0-20 (0-2)
JSM 081051 ( HM054487) Bacillus siralis 171544 ( AF071856) 97.6 0-15(0-2)
JSM 081023 ( HM054488) Bacillus stratosphericus 41 KF2a" (AJ831841) 99.3 0-15 (0-5)
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gk

NaCl range

Phylum/Family Strain (accession number) *  Closest type strain (accession number) Similarity/ % .
(optimum) /%

Actinobacteria (18/61)

JSM 081014 ( HM054489) Bacillus vietnamensis 15-1" ( AB099708) 98. 1 0-20 (0-2)
JSM 081016 ( HM054490) Halobacillus alkaliphilus FP5" ( AM295006) 97.5 0-20 (2)
JSM 081007 ( HM054491) Halobacillus alkaliphilus FP5" ( AM295006) 97.8 0-20 (2-5)
JSM 081026 ( HM054492) Halobacillus dabanensis D-8" ( AY351395) 98.2 0-20(5-8)
JSM 082052 ( HM054493) Halobacillus kuroshimensis 1S-Hb7" ( AB195680) 99.8 0-15(2)
I . . 1
Planococcaceae (1) JSM 081008 ( FJ524721) {e;"b{’;“é‘lbl";gi”s alimentarius YKJ-13 99.4 0-20 (5-8)
. . . T
JSM 082037 ( HM054494) Staphylococcus equorum subsp. linens RP29 99 5 0-20 (0-5)
(AF527483)
JSM 082074 ( HM054495) Staphylococcus cohnii subsp. cohnii ATCC 29974 99. 8 0-20 (0)
(D83361)
Staphylococcaceae (4 £ jc >C !
taphylococcaceae (4) JSM 082089 ( HM054496) Staphylococcus urealyticum ATCC 49330 99 7 0-20 (0-5)
(AB009936)
. T
JSM 081052 ( HM054497) Staphylococcus urealyticum ATCC 49330 99. 1 0-20 (0)
(AB009936)
Proteobacteria (5/61)
Alteromonadaceae (1) JSM 084035 (FJ524719) Microbulbifer donghaiensis CN85" ( EU365694 ) 97.1 2-10 (5-8)
Chromatiaceae (1) JSM 083085 (FJ524718) Rheinheimera pacifica KMM 1406" (AB073132) 98.6 1-10 (2)
Enterobacteriaceae (1) JSM 082100 ( HM054498) Erwinia rhapontici ATCC 29283" ( U80206 ) 99.0 0-5(0)
Pseudomonadacea (1) JSM 082092-2 (HM054499)  Pseudomonas psychrotolerans C36" ( AJ575816) 100 0-8(0-2)
Sphingomonadaceae (1) JSM 083058 (FJ524717) Sphingomonas aestuarii K4" (EF660755) 99.2 0-5(0)

* Strains marked in bold refer to potential new taxa.

Bacillus vietnamensis 15-17 (AB099708)
100 (% Bacillus aquimaris TF-127 (AF483625)
0.02 JSM 081006 (HM054477)
E— 99 79 Bacillus marisflavi TF-117 (AF483624)
100 1 JSM 081008 (FJ527421)
Jeotgalibacillus alimentarius YKJ-137 (AF281158)

100 Jeotgalibacillus campisalis SF-57" (AY190535)
100 ~ Jeotgalibacillus marinus DSM 12977 (AJ237708)

Bacillus clausii DSM 8716" (X76440)

JSM 081004 (HM054474)
100 | | Bacillus lehensis MLB-2" (AY793550)

87 ! Bacillus oshimensis K117 (AB188090)

84_:(7//r/caccus parietis 02-Je-010" (FM992367)
Arthrobacter cumminsii DMMZ 445" (X93354)
100 Yaniella halotolerans YIM 70085" (AY228479)
100 JSM 070026 (FJ527420)
99' Yaniella flava YIM 70178" (AY684123)
100 - JSM 083058 (FJ527417)
Sphingomonas aestuarii K4" (EF660755)
Sphingomonas asaccharolytica TFO 15499" (Y09639)
l_ Caulobacter leidyi ATCC 152607 (AJ227812)
Sphingomonas koreensis JSS26" (AF131296)
JSM 083085 (FJ527418)

96 [\ Rheinheimera pacifica KMM 1406" (AB073132)
Rheinheimera aquimaris SW-353T (EF076757)
Rheinheimera baltica OSBAC1" (AJ441080)
Rheinheimera chironomi K19414™ (DQ298025)
Rheinheimera perlucida BA131"(AM183347)
99 52 Microbulbifer maritimus TF-17" (AY377986)

Microbulbifer thermotolerans JAMB A94" (AB124836)
Microbulbifer donghaiensis CN85' (EU365694)

JSM 084035 (FJ527419)

Microbulbifer elongatus DSM 6810" (AF500006)
76 Microbulbifer hydrolyticus DSM 115257 (AJ608704)

Bl1 ET16SrRNA EFRFFIMEN T IMRRBEFLBEARNEZREN

Fig.1 Neighbor-Joining tree constructed based on 16S rRNA gene sequence analysis showing the phylogenetic relationships among 7 strains

100

100

100 81

(potential new taxa) isolated from non-saline soil collected from Xiaoxi National Natural Reserve and their closely related taxa. Numbers at nodes

indicate bootstrap values ( >50% ) based on a neighbor-joining analysis of 1000 resampled datasets. Bar, 2 substitutions per 100 nucleotides.
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PR (R B B0 P FAR L A5 ) + 38 b 2 2 21 176
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HFE D 2 I R PR AL B T H AR AR R ER A g
R AETE ok o T TR AT R 4 0 72 S AN A O
KB T A 20 AR 7 200 2 1 BV R 2 O
WG EL AT R . TR 4, 3 B B R N AT T Sk 7 2 A
] 305 5@ AR R PR B 7 AN A MR A A 7 3 ]
AR AW S8, A 3C i BF 5% 45 S 42 7% Echigo
AT SE T B A A 3 AR PR b 0 £
RIS £ B o0 VR T [ ol 2 5 42 49 G o D1 75
R

5% it

[ 1] BRSOG, 208, 20T, BReE, R, HE%R,
e, SCRR, R, M, FIRE, X4k, L,
HRE, XVEM. — IR 2 a th DU b T 3 R 40
B RASE LT L LR MAEYY IR (Ada
Microbiologica Sinica) , 2007, 47(4) . 571-577.

[2] HH, B, XRME, SRR, B, BARMK, B
4, ik, RO, Ak, oo, £IRN, TE, #
AR B IAER T o o 3R UUB AT % R Al £ A
W5, WA Y27 4R (Acta Microbiologica Sinica) , 2006,
46(6) : 967-972.

[ 3] Chen YG, Cui XL, Zhang YQ, Li WJ, Wang YX, Kim
CJ, Lim JM, Xu LH, Jiang CL. Salinimicrobium terrae
sp. nov., isolated from saline soil, and emended
description of the genus Salinimicrobium. International
Journal of Systematic and Evolutionary Microbiology,
2008, 58(11): 2501-2504.

[ 4] Chen YG, Liu ZX, Peng DJ, Zhang YQ, Wang YX,
Tang SK, Li W], Cui XL, Liu YQ. Virgibacillus litoralis

sp. nov., a moderately halophilic bacterium isolated



1458

Qihui Chen et al. /Acta Microbiologica Sinica(2010)50(11)

[6]

[7]

[11]

[12]

[13]

from saline soil. Antonie Van Leeuwenhoek International
Journal of General and Molecular Microbiology, 2009, 96
(3):323-329.

Yoon JH, Kang KH, Park YH. Lentibacillus salicampi
gen. nov., sp. nov. , a moderately halophilic bacterium
isolated from a salt field in Korea. International Journal
of Systematic and Evolutionary Microbiology, 2002, 52
(6):2043-2048.
Margesin R, Schinner F. Potential of halotolerant and
halophilic
Extremophiles, 2001, 5(2) . 73-83.

Asad S, Amoozegar MA, Pourbabaee AA, Sarbolouki

microorganisms for biotechnology.

MN, Dastgheib SM. Decolorization of textile azo dyes by

newly isolated halophilic and halotolerant bacteria.
Bioresource technology, 2007, 98(11) : 2082-2088.
BEB, BALE, KE, TH. PEEREEEYH
R e 007 . B 402 4 Microbiology) , 2007 , 34
(2):359-362.

FEARL, S ol VR A B B S . Uk 2%
2 (Acta Microbiologica Sinica), 2003, 43 (3). 427-
431.

Echigo A, Hino M, Fukushima T, Mizuki T, Kamekura
M, Usami R. Endospores of halophilic bacteria of the
family Bacillaceae isolated from non-saline Japanese soil
may be transported by Kosa event ( Asian dust storm ).
Saline Systems, 2005, 1. 8.

Echigo A, Fukushima T, Mizuki T, Kamekura M,
Usami R. Halalkalibacillus halophilus gen. nov. , sp.
nov. , a novel moderately halophilic and alkaliphilic
bacterium isolated from a non-saline soil sample in
Japan.  International  Journal of  Systematic —and
Evolutionary Microbiology, 2007, 57(5) : 1081-1085.
Echigo A, Minegishi H, Mizuki T, Kamekura M, Usami
R. Geomicrobium halophilum gen. nov., sp. nov.,
moderately halophilic and alkaliphilic bacteria isolated
from soil samples. International Journal of Systematic

and Evolutionary Microbiology, 2010, 60(4) : 990-995.
Usami R, Echigo A, Fukushima T, Kamekura M, Usami

[14]

[15]

[16]

[17]

[18]

[19]

[20]

R. Alkalibacillus silvisoli sp. mnov., an alkaliphilic
moderate halophile isolated from non-saline forest soil in
Japan.  International  Journal of Systematic and
Evolutionary Microbiology, 2007, 57(4) . 770-774.
BN, REE, XIRLAE, BRATHE, IE R, 08y, ER
e, MR XOE. AR ST IR T B SR A T G 2 R A
Y2 4R (Acta Microbiologica Sinica) , 2009, 49 (11):
1424-1429.

Atlas RM, LC. Handbook

media. Boca Raton FL: CRC Press, 2004 . 666-672.

Parks of microbiological
Daionov DA, Savoyant L, Dupuy C. Application of the
ICP-MS technique to trace element analysis of peridotites
and their minerals. Geostandards and Geoanalytical
Research, 2007, 16(2) . 311-315.

Cui XL, Mao PH, Zeng M, Li WJ, Zhang LP, Xu LH,
Jiang CL. Streptimonospora salina gen. nov. , sp. nov. ,
a new member of the family Nocardiopsaceae.
International Journal of Systematic and Evolutionary
Microbiology, 2001, 51(2) . 357-363.

MR, BRSO, XIBLHE, Bw, 42308y, R, ik
B, B IR BEVLARH 5 1 S A G T S FR A R B K
B WY W (Aca Microbiologica Sinica) ,
2009, 49(2) : 246-250.

Stackebrandt E, Goebel BM. Taxonomic note: a place
for DNA-DNA reassociation and 16S rRNA sequence
analysis in the present species definition in bacteriology.
International Journal of Systematic and Evolutionary
Microbiology, 1994, 44(4) . 846-849.

XUH, 2RI, P, SARN, SRR, ETAE. B
PIRbr LI P AT B R QW 0 2R W 2 R
( Biodiversity Science) , 2008, 16(1) . 91-95.

KRB, 3. FWMERGEE TN . #
2 iR AL, 2001 364-398.

Kushner DJ. The Halobacteriaceae//Sokatch JR,
Ornston LN. ed. The Bacteria, a Treatise on Structure
San Diego: Academic Press,

and Function, vol V.

1985: 171-206.



Wi ar A5 - /NI 1 SR O DX A PROE 0 8 v 0 S AN £ T 2 R /A W24 4R (2010) 50(11) 1459

Diversity of halophilic and halotolerant bacteria isolated
from non-saline soil collected from Xiaoxi National
Natural Reserve, Hunan Province

Qihui Chen', Zhuxiang Liu', Qingzhong Peng', Ke Huang', Jianwu He', Li Zhang',
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Wenjun Li", Yiguang Chen

(' College of Biology and Environment Sciences, Jishou University, Jishou 416000, China)

(* Key Laboratory for Microbial Resources of the Ministry of Education, Yunnan Institute of Microbiology, Yunnan

University, Kunming 650091, China)

Abstract ;[ Objective ] To investigate the diversity of cultivable halophilic and halotolerant bacteria isolated from ordinary
non-saline soil samples collected from Xiaoxi National Natural Reserve (28°42'15'" —28°53'15"" N, 110°6'50"" - 110°
21'35"" E), Hunan Province, China. [ Methods | Bacterial strains were isolated from the samples by using the
conventional culture-dependent method and investigated by using phylogenetic analysis based on 16S rRNA gene sequence
comparisons. | Results ] We isolated 114 bacterial strains ( 8 moderately halophilic, 19 slightly halophilic, 87
halotolerant) from the samples on media ( marine agar 2216, International Streotomyces Project medium 2 and 5, nutrient
and humic acid agars) supplemented with 5% to 20% (w/v) NaCl. On the basis of morphological, physiological and
biochemical characteristics, we selected 61 strains to perform a phylogenetic analysis based on 16S rRNA gene sequences.
Results showed that 61 isolates represented 41 species, belonging to 18 genera ( Actinomadura, Arthrobacter, Bacillus,
Brachybacterium, Brevibacterium , Erwinia, Halobacillus, Jeotgalibacillus, Microbacterium, Microbulbifer, Nocardia,
Pseudomonas, Rheinheimera, Rhodococcus, Sphingomonas, Staphylococcus, Sireptomyces, Yaniella ) of 16 families
( Alteromonadaceae, Bacillaceae, Brevibacteriaceae, Chromatiaceae, Dermabacteraceae, Enterobacteriaceae,
Microbacteriaceae,  Micrococcaceae, Nocardiaceae, Planococcaceae, Pseudomonadaceae, Sphingomonadaceae,
Staphylococcaceae, Streptomycetaceae, Thermomonosporaceae, Yaniellaceae ) in three phyla ( Actinobacteria,
Firmicutes, Proteobacteria). The most abundant and diverse isolates were within the phylum Firmicutes (38 strains;
62.3% ) and the phylum Actinobacteria (18 strains; 29.5% ). The phylogenetic distance matrix results suggested that
there were obvious genetic divergences between most isolates and their closestly related type strains (16S rRNA gene
sequence similarities ranged from 96.9% to0 99.8% ) , and that, out of 61 isolates, at least 7 strains (JSM 070026, JSM
081004, JSM 081006, JSM 081008, JSM 083058, JSM 083085, JSM 084035) should represent 7 potential novel species
within 6 characterized genera ( Yaniella, Bacillus, Jeotgalibacillus, Sphingomonas, Rheinheimera, Microbulbifer ) .
[ Conclusion ] The results presented here showed that there is abundant diversity of halophilic and halotolerant bacteria,
as well as a number of novel species in non-saline soil collected from Xiaoxi National Natural Reserve, Hunan Province,
China.

Keywords: ordinary non-saline soil; halophilic and halotolerant bacteria; culture-dependent method; 16S rRNA gene

sequence; phylogenetic analysis
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