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Abstract: [Objective] The saline-alkaline habitats in Xinjiang harbor rich and unique microbial
resources. This study employed the culture-dependent way to explore the culturable microbial
resources and reveal their diversity and potential functions from seven different saline-alkaline
habitats, including Barkol Lake and Aiding Lake in Xinjiang.[Methods] Soil and sediment samples
were collected from the seven saline-alkaline habitats. Thirteen modified media were designed and
used for strain isolation via the gradient dilution plating method. The 16S rRNA gene sequencing,
phylogenetic analysis, and multi-condition culture were employed to analyze the taxonomic
positions, suitable media, and salinity adaptability of the strains. Furthermore, potential novel taxa,
anaerobic strains, and exopolysaccharide (EPS)-producing strains were screened. [Results] A total
of 935 bacterial strains were isolated and identified as 310 species belonging to 125 genera,
54 families, 25 orders, 8 classes of 4 phyla, including 20 strains representing 15 potential novel
taxa. The dominant culturable taxa were Bacillota, Pseudomonadota, and Actinomycetota. In
addition, 52 strains (20 species) of anaerobic bacteria were obtained, with the genus Halomonas
being dominant. The microbial resources varied significantly among different media, and R2A was
the most effective medium, screening out 108 species. Bacillus was dominant under no salt stress
(0 NaCl), and Marinobacter was one of the important genera under moderate salt stress (5% NaCl).
However, the genus Halomonas kept being dominant under low-salt (0 NaCl), moderate-salt (5%
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NaCl), or high-salt (10% NaCl) stress. To obtain the functional strains with extremely strong stress
resistance, we screened 15 EPS-producing strains under high-salt and high-alkali conditions.
Among them, Marivirga harenae EGI S10258 and Halomonas alkaliantarctica EGI S10283
showed the highest EPS titer, which reached 4.5 g/L.[Conclusion] The saline-alkaline habitats in
Xinjiang were rich with culturable microbial resources. The application of a multi-condition culture
approach significantly enhances the depth and breadth of microbial resource exploration. This
study provides important microbial resources and data support for subsequent research on
systematic taxonomy, ecological adaptation mechanisms, and resource utilization by getting
potential novel species and functional strains.

Keywords: Xinjiang; saline-alkaline habitats; microbial pure culture; resource mining; novel
species
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Sample site CWP DBC FK
Longitude (N)
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pH (1:5) 9.16+0.52 9.34+0.07 8.43+0.36
CO:* (g/kg) 0.15+0.11 0.23+0.05 0.05+0.06
HCO; (g/kg)  0.45+0.30 0.21+0.05 0.28+0.15
CI (g/kg) 0.87+1.07 18.16+30.22 3.84+1.09
SO,% (g/kg) 1.70£2.26 36.26£60.71  10.13+4.03
Ca®" (g/kg) 0.110.12 1.17£1.91 1.23+0.45
Mg?* (g/kg) 0.08+0.08 1.15+1.95 0.46+0.58
K" (g/kg) 0.05+0.02 0.19+0.21 0.17+0.05
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Total salts (g/kg) 4.65+5.70 92.18+153.20  22.25+6.56
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9.00+0.35 9.04+0.13  7.95+0.37 8.41+0.64
0.22+0.15 0.22+0.04 - 0.04+0.05
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220.47£100.05 177.00+56.02 31.90+13.02 149.97£175.12
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Table 2

Information on the basic culture media used in this study and their corresponding salt concentrations

Medium code Medium name

Dilution factor

c(NaCl)/% Other conditions

R2A 1
2216E 1
LB 1
2216E 1
R2A 1
R2A 2
2216E 2
R2A 1
2216E 1
ISP3 1
Self-designed medium 1

1

1

5 5 &~ 5@ o ao o e
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N L © L
|
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W2 IRA G FHERPEAR) -
1.3 EEEIEMEYEA S BSR4
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Composition and distribution of pure culture microbial communities. A: Bar chart of class-level

classification for four strains of pure culture; B: Stacked bar chart of class-level classification for pure culture

strains from different habitats.
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Figure 2 Phylogenetic analysis of pure culture strains. Different colors represent different classes, the numbers

in parentheses represent the corresponding number of strains from different groups.
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Figure 3

Effects of culture medium of culturable microorganisms from saline-alkaline environments. A:

Distribution of shared and unique strains among the 13 media; B: Effect of different NaCl concentrations on the
number of species of isolated strains [a: R2A; b: 2216E (2% NacCl); c¢: LB (5% NaCl); d: 2216E (10% NaCl); e:
R2A (5% NaCl); f: 1/2 R2A; g: 1/2 2216E (2% NaCl); h: R2A (10% NacCl); j: 2216E (5% NaCl); k: ISP3 (5%
NaCl); m: Self-prepared medium; n: Postgate (5% NaCl); p: 2216E (2% NaCl, 15% PEG6000)].
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Figure 4 Phylogenetic analysis of potential novel taxa.
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Table 3 Information on anaerobic and halotolerant bacterial strains from saline-alkaline habitats
Representative strain Closest matched known species Number of strains ~ Similarity (%)
designation
EGI S10402 Jeotgalibacillus campisalis SF-57 1 100.00
EGI S10392 Desulfobaculum senezii DSM 8436 2 99.73-99.82
EGI S1039%4 Desulfovibrio desulfuricans DSM 642 1 100.00
EGI S10390 Pseudodesulfovibrio profundus DSM 11384 2 99.07-99.19
EGI S10383 Marinobacter confluentis HIM-18 2 99.67-99.83
EGI S10395 Marinobacter excellens KMM 3809 4 99.67
EGI S10378 Marinobacter persicus IBRC-M 10445 2 98.84-99.01
EGI S10367 Halomonas aidingensis Ad-1 1 99.84
EGI S10398 Halomonas alimentaria AF211860 6 99.01-100.00
EGI S10389 Halomonas alkaliphila 18bAG 10 99.83-100.00
EGI S10384 Halomonas azerica TBZ9 1 99.67
EGI S10401 Halomonas sediminicola CPS11 1 99.67
EGI S10379 Halomonas ventosae Al112 8 99.35-100.00
EGI S10381 Bacillus pumilus ATCC 7061 4 100.00
EGI S10400 Bacillus salacetis SKP7-4 1 99.67
EGI S10385 Halobacillus litoralis SL-4 1 99.83
EGI S10380 Halobacillus trueperi DSM 10404 1 99.83
EGI S10404 Niallia endozanthoxylica 1404 1 99.34
EGI S10414 Peribacillus butanolivorans DSM 18926 2 100.00
EGI S10388 Salisediminibacterium selenitireducens MLS10 1 99.17

azerica EGI S10275 1E pH 8.0, 10% NaCl ()51
THFR 4 d BHARIR K8, 425 g/L); WK
H. alkaliantarctica EGI S10283 7£ pH 9.0, 10%
NaCl f 504 F % 6 d I Pe it s, M 4.5 g/L).
BIRME, X 4 PREHZI AR R (7%-10%
NaCl)iy R, HAEILIEE N EPS =&
ms AHEZ TR, e AR fk(pH 8.0-10.0)
N

3 W5 E®w
31 FERWABESEENAIEEY
R

Frm b m A SRR 2 ZEEE R Tl
FRRO A R . 2R SRR 4 FhoOR [R]85
5 FE IR PR AL I8 70 B A5 18 MRALRE R0

sk v A0V 38 o i B S [R] NaCl ¥ B () R2A
Bige ik, ST 13 2575 3 80 Pk 4f 400G £h 41
P o 3K ST A Ay ek i AR B A P
R TR B AT PO 7 D3R AE 5
oy A AL 3RS 935 MRANH, L RG % EHE
T 41778425 H 54 B 125 J& 310 Ffr, Bosih
B2kt Ho, Bacillota, Pseudomonadota
F Actinomycetota N 3 RLHEIEHE, &1tk BE
MRECHY 95.37%. Bacteroidota 5 H A X #EAIK
(4.63%), HIEZAFEM AR, DO HAE
N ER SR FL IR R B v BAT R R 1 A S A
ST VA8

AR 7T DT LIEG R 3 KR
BER AR, A (FK) . 8K (CWP)
53R (ADH, QJJ. DBC. HCH. BLK), FK
Yy SR i A SR ER AR 85, KB L 28
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Table 4 Information on EPS-producing bacterial strains from saline-alkaline habitats

Representative strain designation Closest matched known species EPS yield (g/L) Sampling site
EGI S10246 Nesterenkonia lutea YIM 70081 1.44 CWP
EGI S10258 Marivirga harenae JK11 4.50 CWP
EGI S10265 Nesterenkonia aurantiaca CKS5 1.62 HCH
EGI S10266 Priestia flexa NBRC 15715 2.75 HCH
EGI S10268 Leclercia pneumoniae 4-9-1-25 0.37 HCH
EGI S10275 Halomonas azerica TBZ9 4.25 BLK
EGI S10280 Bacillus zhangzhouensis DW5-4 1.26 BLK
EGI S10283 Halomonas alkaliantarctica CRSS 4.50 BLK
EGI 510297 Halomonas tibetensis pycl3 1.62 BLK
EGI S10305 Halomonas lysinitropha 3(2) 1.53 BLK
EGI S10316 Halomonas zhaodongensis NEAU-ST10-25 1.53 DBC
EGI S10319 Halomonas titanicae BH1 1.56 BLK
EGI S10389 Halomonas alkaliphila 18bAG 1.67 HCH
EGI S10485 Cytobacillus oceanisediminis H2 0.44 BLK
EGI S10531 Thalassobacillus devorans G-19.1 0.50 ADH
Halomonas alkaliantarctica  Marivirga harenae Priestia flexa Halomonas azerica
EGI S10283 EGI S10258 EGI S10266 EGI S10275

I o

2d 4d 6d 8d 2d 4d 6d 8d 2d 4d 6d 8d 2d 4d 6d 8d
I T T T T T T Il T T I T I T I

3% NaCl, pH 8.0

3% NaCl, pH 9.0

3% NaCl, pH 10.0

5% NaCl, pH 8.0 - 4
5% NaCl, pH 9.0 -

5% NaCl, pH 10.0 - s
7% NaCl, pH 8.0 - 12

7% NacCl, pH 9.0

7% NaCl, pH 10.0

_ 1)

10% NaCl, pH 8.0
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Figure 5 Heatmap of four strains with high EPS production under different fermentation conditions.
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