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PEmS, pH {5 A8 F] KOH i 45 7 F518 .
1.2 tHEESNE
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Y& 2.5 pl,2. 5 mmol/L ANTP 4 wL,2.5 U/pL Taq
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CLER ¥ B 8 (Halomonas) h e 34 @ o BT A 1 Ak
(T B Re 777 pH 9 — 12 2 [a], Hop 3 #Rfig iy %2 pH
9,13 #kHETH % pH 10,24 LW BEMN 52 ik pH 12,
K8 T2k % i B JE (Halomonas) 18 W5 A B Bk 4 KT
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Z 18], v ge A B M. Hoh NEAU-STS-5 FI NEAU-
ST521 L5 % 2 i 1 )8 b 18 #5834k ( Pseudomonas
chloritidismutans AWA") [ 16S rRNA It & 5 41 [7] Y
P45 4 99. 0% F198.9% ; NEAU-ST542 il NEAU-
ST533 5 H B 8 )7 7o & 110 85 X 3 ¥k (Kocuria roseus
DSM20447") f#) 16S rRNA 3 [N ¢ 31 7] ¥ 7 43 53 4
97.2% F198.9% ;NEAU-ST549 5 3 75 &F /T
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Table 1 NaCl and alkaline pH tolerance of the halotolerant and halophilic bacteria isolated from saline-alkaline soils in Songnen Plain
Genus Isolate ID NaCl range (Optimum) % pH range (Optimum)  Bacterial type
Arthrobacter NEAU-ST34 0-5 (0) 6.5-10 (7 -8) Halotolerant & Alkalitolerant
Bacillus NEAU-ST540 0-5(0-2) 6.5-9 (6.5-8) Halotolerant & Alkalitolerant
NEAU-ST5-24 0-5(0-3) 6.5-10 (8) Halotolerant & Alkalitolerant
NEAU-ST104 0-10 (0-2) 6.5-9 (6.5-8) Halotolerant & Alkalitolerant
NEAU-8T1047 0-10 (0-2) 7-10 (8) Halotolerant & Alkalitolerant
Enterobacter NEAU-ST5-3 0-5(0-2) 6.5-10 (6.5) Halotolerant & Alkalitolerant
NEAU-ST5-32 0-5(0-1) 6.5-12 (6.5-17) Halotolerant & Alkalitolerant
Exiguobacterium NEAU-ST549 0-5(0-3) 7-12 (8-9) Halotolerant & Alkalitolerant
Georgenia NEAU-ST534 0-5(0-2) 6.5-10 (6.5) Halotolerant & Alkalitolerant
Halobacillus NEAU-S8T1040 0-10 (3) 7-10 (8) Moderately halophilic & Alkalitolerant
Halomonas NEAU-ST10-25 0-10 (3) 6.5-12 (11 -12) Moderately halophilic & Alkalitphilic
NEAU-8T10-30 0-10 (3-5) 6.5-12 (8-9) Moderately halophilic & Alkalitolerant
NEAU-ST10-32 0-10 (3) 6.5 -12 (10) Moderately halophilic & Alkaliphilic
NEAU-8T10-39 0-10 (4) 6.5-12 (6.5-9) Moderately halophilic & Alkalitolerant
NEAU-ST15-21 0-15 (3) 6.5-12 (8 -9) Moderately halophilic & Alkalitolerant
Jeotgalicoccus NEAU-ST10-45 0-10 (3-5) 6.5-12 (7) Moderately halophilic & Alkalitolerant
Kocuria NEAU-ST542 0-5(0-3) 6.5-10 (6.5-7) Halotolerant & Alkalitolerant
NEAU-ST5-23 0-5(0-3) 6.5-10 (7) Halotolerant & Alkalitolerant
NEAU-ST5-33 0-5 (0) 6.5-10 (6.5-8) Halotolerant & Alkalitolerant
NEAU-S8T10-40 0-10 (0) 6.5-10 (6.5-7) Halotolerant & Alkalitolerant
Oceanbacillus NEAU-ST548 0-5 (3) 7-12 (8) Moderately halophilic & Alkalitolerant
NEAU-ST1043 0-10 (3) 6.5-12 (8) Moderately halophilic & Alkalitolerant
NEAU-8T10-56 1-10 (3-5) 6.5-12 (7-8) Moderately halophilic & Alkalitolerant
NEAU-ST10-60 1-10 (3-8) 7-12 (8-9) Moderately halophilic & Alkalitolerant
Planococcus NEAU-ST109 0-10 (3-5) 6.5-12 (8 -9) Moderately halophilic & Alkalitolerant
NEAU-ST1045 0-10 (3) 6.5-12 (6.5-7) Moderately halophilic & Alkalitolerant
Planomicrobium NEAU-ST5-40 0-5(0-3) 6.5-10 (7 -8) Halotolerant & Alkalitolerant
Pseudomonas NEAU-ST54 0-5 (0) 6.5-12 (6.5-17) Halotolerant & Alkalitolerant
NEAU-8T5-5 0-5 (0) 6.5-12 (6.5-17) Halotolerant & Alkalitolerant
NEAU-ST521 0-5 (0) 6.5-10 (6.5-17) Halotolerant & Alkalitolerant
Salinicoccus NEAU-ST10-44 0-10 (3) 6.5-9 (8) Moderately halophilic & Alkalitolerant
Staphylococcus NEAU-ST5-8 0-5(0-2) 6.5-12 (8) Halotolerant & Alkalitolerant
NEAU-ST1540 0-15 (0-2) 6.5-12 (7) Halotolerant & Alkalitolerant
NEAU-8T1545 0-15 (0-2) 6.5-12 (6.5-8) Halotolerant & Alkalitolerant
NEAU-ST1548 0-15 (0-2) 6.5-12 (6.5 -8) Halotolerant & Alkalitolerant
NEAU-ST1524 0-15 (0-5) 6.5-12 (8) Halotolerant & Alkalitolerant
NEAU-ST1526 0-15 (0-2) 6.5-12(6.5-7) Halotolerant & Alkalitolerant
NEAU-8T1527 0-15 (0-3) 6.5-12 (8) Halotolerant & Alkalitolerant
NEAU-8T204 0-20 (0-2) 6.5-12 (6.5) Halotolerant & Alkalitolerant
Zhihengliuella NEAU-ST159 0-15 (3-5) 6.5-10 (6.5-8) Moderately halophilic & Alkalitolerant

) 20 B bk (Exiguobacterium mexicanum 8N") ff) 16S
rRNA J 57 1) 5] 95 0k 8 99. 0% ; NEAU-ST534 &
TEE B JE T i = T Rk ( Georgenia soli CC-NMPT-
T3") [¥) 168 rRNA K (A J5 41 [7] Y £ A 98.3% ;
NEAU-ST10-9 5 3§ b € i 30 Bk 1 19 B2 5 1w pk
(Planococcus rifietoensis M8") [f] 16S rRNA % [X JF 1)
[F] Y8 PE 4 98.9% ; NEAUSTI039 5 #h ¥ i B J&8
(Halomonas) [f] 3 A Ff ¥y B2 20 & £ i3 7K £k 50 f

(Halomonas aquamarina DSM30161") « %y [ 35 11 £
¥ ffd @ (Halomonas axialensis ATCC BAA-802") Fil pg
J7 £k ¥ (Halomonas meridiana DSM5425") (1 16S
rRNA KD 41 [ Y5 14 38 2 98. 2% ; NEAU-ST1040
508 Bl W Eh A M RF B B 5 BR (Halobacillus
alkaphilus FPS") [f] 16S rRNA & K & %) [\ 5 ¥ K
98.8% o MLAN, b T AR Y TR B T R v A
F5e 38 E ~ pH R 52 30 H e HE do i i DA B AR A B 3G
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(7/40)

v-Proteobacteria
(10/40)

Fig.1 NeighborJoining tree constructed based on the 16S rRNA gene sequence similarities of the 40 isolates from saline-alkaline soils in Songnen

Plain and their closest related species. Bootstrap values are shown (1000 resamplings) at the branching points. Numbers in parentheses represent the

GenBank accession numbers of the sequences. The scale bar indicates 0. 02 substitutions per nucleotide position. Underlined isolates respresent the

potential novel species.
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Biodiversity of culturable halotolerant and halophilic

bacteria isolated from saline-alkaline soils in Songnen
Plain

Yuanyuan Pan, Haipeng Huang, Jing Meng, Hongyu Xiao, Cheng Li, Lin Meng,

. . *

Shan Hong, Henan Liu, Xuefeng Wang, Juquan Jiang

Key Laboratory of Soybean Biology of Ministry of Education; Microbiology and Biotechnology, College of Life Sciences,
Northeast Agricultural University, Harbin 150030, China

Abstract: [Objective] To analyze the biodiversity of halotolerant and halophilic bacteria the bacteria in saline-alkaline
soils in Songnen Plain, we isolated and purified bacteria samples in the area., [Methods] Halotolerant and halophilic
bacteria were isolated from the enriched cultures of the saline-alkline soil samples through the traditional culture method,
and 16S rRNA sequences were amplified and analyzed for the determination of phylogenetic relationships. [Results] Forty
strains were obtained and classified into 34 species, 16 genera, 8 families, 3 phylum (Firmicutes, y-Proteobacteria and
Actinobacteria) in the Domain Bacteria. The genus Staphylococcus is the predominant group, followed by Halomonas,
Oceanbacillus, Bacillus, Kocuria and Pseudomonas. The 16S rRNA sequences of 9 strains showed 97.2 to 99.0%
similarities with their closest type strains, suggesting that they may be the potential novel species. The salt tolerance of the
strains is mainly concentrated on the 5% —-10% NaCl while alkaline pH resistance of the strains is between pH 9 and 12.
Based on the NaCl dependence, 62.5% of the strains were grouped into the halotolerant bacteria, and the rest into the
moderate halophiles. [Conclusion] The halotolerant and halophilic bacteria are very rich in the saline-alkaline soils in
Songnen Plain, and the genera Staphylococcus and Halomonas are the predominant groups. Almost all the bacteria from
this area could tolerate not only at the high concentration of NaCl, but also at high alkaline pH. More importantly, a
number of novel species may be included in this area.

Keywords: halotolerant bacteria, halophilic bacteria, 16S rRNA sequence, biodiversity, saline-alkaline soils in Songnen

Plain
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