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Abstract: [Objective] To study the distribution characteristics and enzyme potential of halophilic
bacteria in two distinct types of salt lakes located in Xinjiang, China. [Methods] Soil samples were
collected from sulfate-type (Qijiaojing) and carbonate-type (Nanhu Alkaline Lake) salt lakes, and
their physicochemical properties were analyzed. The diversity, dominant taxa, and enzyme
activities of halophilic bacteria were compared between the two salt lakes by Illumina MiSeq and
culture experiments. [Results] The physicochemical properties of soil differed significantly
between the two salt lakes, and the soil salinity of Qijiaojing salt lake (227.15 mg/g) was higher
than that of Nanhu Alkaline Lake (158.61 mg/g). Significant differences were also observed in pH,
HCO;™, CI", Mg®", and K" content. Spearman correlation analysis revealed positive correlations
between Cl” and Mg”" content and the relative abundance of dominant bacterial genera such as
Pontibacter and Bacteroides. lllumina MiSeq results of bacterial 16S rRNA genes indicated that the
Simpson and Shannon indexes of Nanhu Alkaline Lake were significantly higher than those of
Qijiaojing. Halophilic bacteria belonging to 590 genera of 37 phyla were identified, including
Bacteroidota (33.41%), Bacillota (24.71%), Actinomycetota (14.64%), and Pseudomonadota
(10.58%). The dominant phylum was Bacteroidota (35.05%) in Nanhu Alkaline Lake, while it was
Bacillota (44.66%) in Qijiaojing. The richness of halophilic bacteria in Nanhu Alkaline Lake
exceeded that in Qijiaojing, with Pontibacter identified as the dominant genus in both lakes. A total
of 1 130 strains were obtained from two salt lakes, belonging to 9 genera, 7 families of 4 phyla,
among which Bacillota, Actinomycetota, and Pseudomonadota accounted for 40.53%, 36.81%, and
21.15%, respectively. The results of culture experiments with seven different media indicated that
the F6 medium exhibited the highest selectivity towards halophilic microorganisms. Culture
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experiments demonstrated similar dominant species in both lakes, primarily comprising low-
abundant bacteria, such as Nocardiopsis and Bacillus. Enzyme activity screening results revealed
that 46.81%, 44.07%, and 20.88% of halophilic bacteria produced esterase, cellulase, and amylase,
respectively, with Bacillus exhibiting the highest overall enzyme production -capability.
[Conclusion] There are significant differences in the halophilic bacterial diversity between sulfate-
and carbonate-type salt lakes in Xinjiang. The halophilic bacteria in the carbonate-type Nanhu
Alkaline Lake salt lake have higher diversity and exhibit stronger enzyme activities. This
investigation contributes valuable insights for the advancement and sustainable utilization of
microbial resources and the ecological preservation in salt lakes.

Keywords: halophilic bacteria; salt lake; Illumina MiSeq; culturable microorganism; functional
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Table 1 Physicochemical properties of two salt lake soil samples
Sample pH Conductivity Physical and chemical factors (g/kg)
(ms/cm) Total salt CO;>~ HCO;~ CI° S0 ca¥ Mg* Na" K'
Nanhu 8.51+ 35.84+£21.21 158.61+ 0.05+ 0.39+ 22.66+ 7512+ 446+ 0.49+ 4326+ 2.64+
Alkaline Lake 0.52%** 95.75 0.04 0.23** 1791 54.84 198  0.35 26.16 7.43%
Qijiaojing 8.44+ 59.28430.41 227.15+ 0.03+ 0.17+ 90.82+ 4845+ 6.81+ 2.23+ 69.94+  0.30+
0.24 121.30 0.03 0.07 74.77* 43.87 4.11 1.61***  41.95 0.25

*: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 1
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Microbial species diversity in the two salt lakes. A: Phylum level; B: Genus level; C: The difference in

the abundance of the main bacterial flora (phylum level); D: Principal coordinate analysis generated using Bray

Curtis distance; E: Venn maps of microbial differences obtained by two methods (genus level). N: Nanhu
Alkaline Lake; Q: Qijiaojing; a: Illumina MiSeq sequencing; b: Pure culture; *: P<0.05; ***: P<0.001; ns: No

significant.
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Table 2 Alpha diversity index of microbial community in two salt lakes

Diversity index

[llumina MiSeq sequencing

Pure culture

Nanhu Alkaline Lake Qijiaojing Nanhu Alkaline Lake Qijiaojing

Simpson 0.94:+0.04*** 0.74+0.004 0.06+0.11 0.18+0.21

Shannon 4.06+0.58*** 2.83+0.32 0.13+0.23 0.28+0.28

wak: P<0.001.

x®3 DREBEAMRSEEEEREXME(EKRT)

Table 3 Correlation analysis between soil physical and chemical properties and main bacteria (genus level)

Phylum Genus pH Conductivity — Total C032’ HCO;~ Cl” SO42’ ca® Mg2+ Na" K"

salt

Actinomycetota Bifidobacterium -0.34 0.26 0.18 -0.23 -0.47 0.52*  -0.33 0.07 0.59* 022 -0.20
Kocuria 0.75%**  0.13 020 0.75%**% 0.86%** -0.21 0.77%**  0.10 -0.33 0.18  0.34
Nitriliruptor 0.38 -0.34 -0.23  0.16 0.59% -0.53* 0.39 -0.19 -0.40 -022  0.01

Bacteroidota Bacteroides -0.24 0.36 031 -0.07 -0.38 0.60%  -0.30 025 0.53* 029 -0.12
Parabacteroides -0.12 0.41 036  0.02 -0.32 0.62*%* -0.26 032 0.51* 035 -0.02
Pontibacter 0.54* 0.18 033 046 0.66%*  -0.25 0.75*¥** 0.15 0.02 0.29 0.28

Balneolota Aliifodinibius -0.24 -0.56* -0.49 -0.31 -0.24 -0.49 -0.25 -0.33 -0.33 -0.54* 0.04

Bacillota Clostridium —0.34** 0.19 0.11 -0.29% -0.53*** (.56 -0.52*** 0.15 048 0.15 -0.11
Dialister -0.22 0.29 0.21 -0.12 -0.39 0.62*  -0.33 0.15 0.50* 0.23 0.04
Faecalibacterium ~ —0.16 0.39 0.34 -0.01 -0.36 0.65*%* -0.29 032 0.55* 034 -0.00
Fusicatenibacter ~ —0.24 0.35 0.26 -0.09 -0.41 0.67** -0.35 021 0.52* 028 -0.01
Planococcus 0.55%* -0.03 0.10  0.30 0.72%%  -0.40 0.67%* 0.08 -0.12 0.09 0.25
Roseburia -0.14 0.41 0.36  0.00 -0.34 0.65%* -0.27 031 0.53* 035 -0.01
Ruminococcus -0.15 0.41 0.36  0.00 -0.35 0.65%* -0.27 030 0.54* 035 -0.01

Methanobacteriota  Halalkalicoccus 0.53* 0.22 025 045 0.67** 0.05 0.55% 042 -0.04 021 0.62*

Pseudomonadota Sphingomonas 0.00 -0.56* -0.46 -0.10 0.06 -0.66** -0.01 -0.61* -0.56* -0.44 -0.20

Rhodothermaeota Salinibacter -0.53* -0.09 -0.13 -0.31 -0.53* 0.180  -0.41 -0.20 0.15 -0.17 -0.01

Relative abundance>2%. *: P<0.05; **: P<0.01; ***: P<0.001.
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rnEh AT, B E R EA 488.5 g/kg.
222 ETABEFRANBEDEZHEMN
SR

Mk 7 BB FREE . 3 Fh NaCl ¥k B2 LA K-
M B v A, R4S 1 130 B T Rk (R 9 1 14
391 £k, LA 739 #8). £ 5% 1 10% NaCl i
JEE B 5% 37 e vy 32 B0 1 B 1) s I 4 T i
W o RERIF IRV A aFL H e, X ik etk
HATIEA SRR T e AT el fn L E A . TR
50 BRACKRIEIEEL AR IETT 16S IRNA JE K F 31 AH
WIS, BS54 PP411945-PP411975 (3 4).
WSS T 411789 )&, Bacillota 1 40.53% .
Actinomycetota 5 36.81%. Pseudomonadota 5
21.15%. Balneolota i 1.50% (&l 1A). 74685
Pl Bacillota N F (67.26%), £ fi H LA
Actinomycetota (39.24%) HlI  Pseudomonadota
(32.07%) g ft # . Tllumina MiSeq M & % 7~
Bacteroidota NAERTALHTT, (H ] 5537950 A 4R
P 200 TR AR, X R E iR T Vg R T )
BRI B A R — 25

)8 KF-(E 1C),  FE W ) D0 4 s iy
Bacillus (67.01%)#1 Nocardiopsis (30.18%). -Lff
B FEE BE N Nocardiopsis (37.08%) . £h HLH
W J& (Halomonas, 31.80%) Ml Bacillus (25.17%).
[EaR ) T O S < W S e S 2 A < N
(Myceligenerans), L ffIFEA W E N 512K
HL KT 18 J& (Alteribacillus) . W £ T8 J& (Fodinibius)
FHL T B (Microbulbifer), 4w 1580381 F1-&
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AL AP P2 AR L, E R 2R
FEE 22 5. 35 B i & (Kl 1E),
ATREFEARAF) 9 g, 46 KER 43 IFE 1llumina
MiSeq Wl /5> H 9 = = FE S HE A Bacillus F
Halomonas T Fa B =F 4505 .

R 2 s, 2 DR A RN oA M
H oo ZHMHEEAFEES . LA IELR
A PIECR (739 BRI 2 T R (391 #E). &
1 3 Simpson 35 B Shannon 5 i T 74
B, (H 22 EARIR BN Gt W 2 K-
2.3 MEAAREE B LE R S B

Mlumina MiSeq Ml /345 R Joik X455 .
JEE R i P AR TR B AL B . Rtk — 20 T R T
ARG ER A I ARG O, AR S BCE B R
T 0.5% 19 49 R PEHEFEAT by o Jl i A B
FHICSCERIT 455 BRFE SL 0 80 s , e 1 X SE TR
& ) g R M RRAE [ D 4 Bt i A AE B R Rt
2% W o0 (http:/nmdce. cn), 4 5 N
NMDCX0002079]. #F5E &8, 18 M@ Wi ErE
W ., 11 45 Bacteroides. Nitriliruptor
Ruminococcus %5 ; 19 @ P EREELH, M
Aliifodinibius . Bacillus F1 Halomonas S
1 A4 v M L 181 & R 41 14 & (Salinibacter) . 1
A, A 11 A E AR LB ER AR OCHE

[lumina MiSeq M7 @7 (K] 2A), = 65
LA HER I =E AT 0.5% B9 JE P R
224, HEEERANTA A 22 5 W 3 . el
JEVEER A B A 114, SRR R 12.13%;
LAIAE 24, & 1.59%. FEREW A 42
KHtrh, RREVEER AN 5 A B LA TR
e AL E AP ERA RS FEENE.
R T v = R R R R 4 o JE A7 A B I 25 R (R
2A), 4N Aliifodinibius £ 78 W30 T A4 32 B R
2.72%, MiAEL M TP 0.22%; FLAT E R
(Lactobacillus)TE-L AP FEE N 0.74%, TAE
R BRI A 0.007%.

SV, PRI (] W8 & 20 P e I 454 2=
SR, DMREEREER ATy 3, il eei) g
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=4 FEREARERME MR RER S EM ALK & 1
Table 4 Taxonomic position and functional enzyme activity of moderate halophiles isolated from Xinjiang salt
lakes

Phylum Genus Strain ~ Count  The closest species Similarity ~ GenBank  NaCl Amylase Cellulase  Esterase
(%) optimum (%)
Actinomycetota Mpyceligenerans 4364 6 Mpyceligenerans 99.68 PP411948 5 - ++ ++
salitolerans XHU 5031
Nocardiopsis 4004 235 Nocardiopsis aegyptia 100.00 PP411954 5 - - +++

DSM 444427

4074 20 Nocardiopsis aegyptia 100.00 PP411947 5 - - ++
DSM 444427

4076 1 Nocardiopsis akebiae 100.00 PP411965 5 ND ND ND
HDS12"

4130 13 Nocardiopsis akebiae 98.95 PP411955 5 + ++ +++
HDs12"

4210 1 Nocardiopsis akebiae 99.05 PP411953 5 - ++ -+
HDS12"

4325 92 Nocardiopsis alba DSM  98.80 PP411968 5 ND ND ND
43377"

4382 23 Nocardiopsis alba DSM  98.80 PP411969 10 - - ++
43377"

4053 3 Nocardiopsis 99.68 PP411946 10 - - +++
chromatogenes YIM
90109"

4402 1 Nocardiopsis 98.63 PP411970 5 + ++ +++
eucommiae HDS5"

4148 1 Nocardiopsis halophila 99.14 PP411966 10 - ++ ++
KCTC 98257

4393 2 Nocardiopsis 98.75 PP411945 5 ++ ++ +++
synnemataformans DSM
441437

Streptomyces 4201 1 Streptomyces 99.83 PP411959 5 + ++ -

mangrovicola GY1

4287 1 Streptomyces 99.14 PP411967 10 + - -

ochraceiscleroticus
NRRL ISP-5594
4387 1 Streptomyces 99.14 PP411956 5 - ++ ++
ochraceiscleroticus
NRRL ISP-5594

4178 3 Streptomyces pini PL19T 9938 PP411952 5 ++ ++ +++
4087 12 Streptomyces sparsus 99.83 PP411963 10 - ++ +
YIM 900187
Balneolota Fodinibius 4159 13 Aliifodinibius salipaludis ~ 97.78 PP411972 5 ND ND ND
WN023"
Bacillota 4164 1 Aliifodinibius salipaludis ~ 97.7 PP411973 10 +++ + -
WN023"
4240 3 Aliifodinibius salipaludis ~ 98.23 PP411975 10 ND ND ND
WN023"
Alteribacillus 4126 4 Alteribacillus 99.37 PP411971 10 +++ + -
bidgolensis IBRC-M1
06147
Bacillus 4057 186 Bacillus vallismortis 99.84 PP411950 10 +++ +++ -+
DVI1-E-3"
4259 15 Bacillus vallismortis 99.84 PP411949 10 +++ +++ +++
DVI-F-3"
4308 3 Bacillus vallismortis 99.83 PP411964 5 +++ ++ +++
DVI1-E-3"
4368 244 Bacillus vallismortis 99.84 PP411951 5 - ++ -
DVI1-E-3T
Gracilibacillus 4041 5 Gracilibacillussaliphilus ~ 99.66 PP411962 5 +++ - -
YIM91119"
4395 1 Gracilibacillus 99.83 PP411957 5 - ++ -
salitolerans SCU50"
Pseudomonadota Halomonas 4169 235 Halomonas elongata 100.00 PP411974 15 ND ND ND
DSM 2581"
4390 1 Halomonas T+ 9815 PP411960 5 + - -
xinjiangensis TRM 0175
4399 1 Halomonas T 98.15 PP411961 5 - ++ +++
xinjiangensis TRM 0175
Microbulbifer 4174 2 Microbulbiferhalophilus ~ 99.68 PP411958 5 - ++ ++
YIM91118"

+: Functional enzyme activity; —: Negative; ND: No data.
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Figure 2 High abundance halophiles bacteria diversity in the two salt lake. A: Halophiles bacteria diversity; B:
Moderate halophiles bacteria diversity. S: Slight halophiles bacteria; M: Moderately halophiles bacteria; E:
Extreme halophiles bacteria; Un: Unclassified; N: Nanhu Alkaline Lake; Q: Qijiaojing; Relative abundance>
0.5%.

FEREER AR LA E RN ER . FFS FIF3, 435lor B545 5 344 BEAT 194 ¥k, A
24 IEFESEIRAIELE [RIEEFRIE 2R ERR BT R, FL, F2,

AFFGERH] 7 PRI s 330 2 A2y a4 F6 I F7 B8 il B3t 22 e
W EREA TP A B RS 1 130 RRPEERAMBE(RI 3A), ST F3 R FS B REE(R 5). #E— il &k
SGERRN, RFRIE Fo felARuh g ihand, (& 3B), Nocardiopsis T F4. F5 Fl F7 5575k
HIFEIHN 490 Bk, TR T S DR, HUORRFR bty JULL FS B ER R IA 98.84%.

>
joe]

1007 100 0 Nocardiopsis
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Figure 3 Comparison of halophilic bacterial diversity obtained from different culture media. A: Diversity of
culturable halophiles in two salt lakes (N: Nanhu Alkaline Lake; Q: Qijiaojing); B: Diversity composition of
halophiles in seven media.
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Table 5 Diversity index of culturable halophiles

bacteria
Culture media Diversity index
Simpson Shannon

F1 0.54 0.83
F2 0.67 0.80
F3 0.08 0.20
F4 0.48 0.67
F5 0.02 0.06
F6 0.52 0.81
F7 0.38 0.85

Bacillus 1€ F1, F3 Il F6 353 3 b W {3 R,
LLOF3 B JR B f o odA 93.88%. It 4h
Alteribacillus {XAE F5 W3 3 rh 7y 54K 18,
Myceligenerans 1 Microbulbifer J& W ALALE F6 1%
FRELP O BARTS . ZE BTIR, GEREREE SR AL
XTI HA R E ROCHZE , AR A, F5
K5 5 FEXT L T Nocardiopsis W53 B3R FefE
M F6 35 37 3L WX} Bacillus A Halomonas W43 &5
RO
2.5 WAEFMED IS

T AT SRR AN T D RERE T L (R 4A),

FERREE AT A R AR R R E, o BlE
PR 46.81% F1 44.07%, 7Yk B0 R AR
20.88%. MIAHEZEANEE , Bacillus 1577 TE 7 i
FIVET 4 2 i 5 T8 (R RE Sy ek, oy 7™ D Y IR &1
Ak % i T8 S0 86.44% F1 89.96%., HHILZ T,
Nocardiopsis 7 7~ Wi B J7 1f1 ) fig 1 e ik, 5
56.52%, Bacillus IX Z.(38.56%). M B FE4> 1 K
F(F 4B), 7= 30 B IS B 0 B AR 5 B A 7
E A, 7 LT A T TR R AR e 0 L A
0o A AR . ZRA BT AL, PR L g
AT RE T, A 69.56% I R Bk ELA 7 i 1 it
WIRE ST, Bacillus ¢ 3 FhIBEBEAYZE A P BERE
Jr i Mg

3 Wkb&®h

MR Y R SR M R S R G P R Rk
i, eI AR RN /N AR A T LA
BB, HZ2RPER G IR A ™ 2 D RE e Y
FEPE SR L LE EL R TV TS 1P LA IR
IR WG] AR PR R, HLX O TR,
EOK A PE A AR 22 5, BT oT R T A 2 7Y
Xk R Bl A R T EEL IS RIS ALY 52 T P B AR M

MR SR AL E R, AR R £ 2 4 W A AR

A B
100 - Bacillus 100 - Q
Nocardiopsis N
~ 80 L = Streptomyces 8oL
S Gracilibacillus =
g Microbulbifer >
g 60 - [E— Alteribacillus % 60
g == Halomonas '%
2 . Fodinibius B2
g 40 - B \yceligenerans § 40
5] =
2 20 2 20 +
N R
0 . - 0

Amylase Cellulase Esterase

Amylase Cellulase Esterase

El4 FEATIREEEDT. A: 'ELRANRDODIRERGTS 2R B: MIERIABEHEE AT (N REIBL; Q-

£,

Figure 4 Functional diversity of halophiles in two salt lakes. A: Functional diversity of moderate halophiles

bacteria at genus level; B: Enzyme activity in two salt lakes (N: Nanhu Alkaline Lake; Q: Qijiaojing).
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AR BRI ER AR s D) S Bl S T
BRIRELAVER W], FE IV WAAE R 2,
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TE— 5 AR X 9 3k 18] - S Tk A W A s A AN
Hom BA RO, kA 111 BT NS4
JEERWY, HhRE I 52 M G A W I 5 4 B — T ok
EPERRY, RN KA R E N TR, &%
V@IS I A = o o O R D G IR
Ilumina MiSeq W /¥ 45 R 17 o ZHEM 00T &
W, BEREEE-C AR, I AT R
P& AV T IO, B B9 R W] 3L
HLOERE L IR SR N RS B
M AS [7) £5 380 v B A R I R S A AT R A
I A T s b7, CIUR Mg” TR &
KA 3B R 7, X R U E S
ik B, X SSEATHIT R CI & &
S 5 e R Bt - 9 200 R Vi A ) E R —
HP, Wallis FPHIRM LI, Mg Y
TR VR A A AL B B ARG . 5 B A
TE B WG B AE YIRS 2275 18 NaCl ¥
JE, T DUIAGE F R 9 MgClao

i Mlumina MiSeq 74T, & ILHERTH
P2a & S g A W A R, A 3717
82 4 150 H 286 Bl 590 J& . Bacteroidota .
Bacillota . Actinomycetota 1 Pseudomonadota K
PR ER 3 A7 A (A% O 2B o X L At R 5 F
AR, PO 0y vE B A Y 2R A
(TR FARKN BAFTE—E my e, Bk
FEALSR AP ] ZRAFFEAT T BURFRR 12,
SR, T AS [R) 50 18 7K Ak 27 e i LAt PR 2R
FETEZE S, XSRS 25 £R15) b i AH X 2
VA2 TR TR] 3 o AR OTE B 1 5 78 3L L i
WH5E K% B Pseudomonadota e —ALH#RE, Afi
8 ST % T R VSR WAL W . Bacillota R
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LM, H Bacillota 13 055 £ i o £ B
K, XH5LMIITFNER -8 BHMEY S
R AR A ] 1 2 455 708 A 0 A 3 07 M R 8% L ol dn
Bacteroidota W] fig Je& 2 i T 5 X i — 28 TR
P8, 3 5 ER MK Sk I RO L | B A ) T
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IR I 2.29%, (AR B R IRIGZ
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Kras MAREE 4. o, il s 19.82%
MG TR 2SR, RO =& B
AR K

AR FRRPBEER TR, F6 (R2A)RFFIE
AT R ER AN R MRECF AR A o o, 2
— A T g B K AR g R AN TR Y B R A
Oren!™ 88 5 M | PN A R 490 XoF 1o 6 400 1 1) A A< R
B, FRATTE LT o 5 i I T A R
Toax— RIS T L, A S A R
BF, JCHOR AR — R WA, 44 A L
U A= A7 IR B R RGN () 8 7 B 0 04 A - S5
TR I3, DR fb e o 535 T, M
34 B AR RHE

AU PG G e 45 R W, W RE IR G R AN R
FEII e I RE ) B, e R R 2 A 2K
1) W8 £ A R B e 22, T D R T R R A
Bacillus 2= WEL M b B0 P~ D RE R RE, 27
FFER 8% )72 B F Tl 2B 7= 2 Fh T Re il A AL
Ry, EAh, g 50% B A
BFUATE A Y 0 Nocardiopsis 385243 WAET
e JERY . B TSR K A AR BE T s
F%, MHRENEE N 2R EREE . K AR R A A 4
wRREEAFEE MR, -2
FEVERNP=BERE 71, AL G B 7 IR 5% 10 4
s, HAEE S, PSSR A0 e B K A
W R, g R — 2 G SR
G TREE AR R o 85 . W R W], iR
RV £ 38 5 AR B o 2 b, e

Yisels . AEYNER A A R 2 S5 A T AR
R A 28 LTk, "EEh AN B K
T AE BRI A& s 1, BRI e Eh 4
DAHE Y D he S CHC R R A7 Bl T 3R AT 4 b g L
AL A TRt A e R

ARAFFEEEE Tlumina MiSeq I 7 AL Gt 55 7
Jrik, RIE T s R Y (R TR ) A R £
RICLAAIE) 2 B ER g Eh an | 1 A= ) 24
o BFFEARIR, 2 AR AL DTS S A A
2R, BRR R R WA S A A T g R A
B AEAE . AR 3R 380 B AR 1 wg Eh B
FBE N i S A TR R B AR BRI T e S5
BEAN, TR AT W %) T RE AR P AUF 58 X5 T e A
FHER v £R A W AE AR W o2 R e L il o 500 AN A
Yt S A R e R X

6% STk = A

Bk AL GE A W 2 5 1 xR 9 E
TEM e, USRS #eim. &
Il PR AT, U LeSURE 5g; £5:
AR HBUG FHRIGE . R R A AR
B whede. LIRS BRI ME BTN E ; BRE
e BRI IS SRR ST

1B A 28 v RATF

VR P AT AEAT AR T RE 23 52 R AS SCHI 4
AR E AT i AR R

LB

[1] FBEE . P EELBIEIM]. Jba: Blag R, 2002.
ZHENG XY. Annals of Salt Lakes in China[M]. Beijing:
Science Press, 2002 (in Chinese).

[2] S, G . Eih A 28 A R ) R S A H

JE X[I]. B 2E 4R, 2022, 24(2): 210-225.
GUO P, LI CZ. Genesis of evaporites in petroliferous
basins and the sedimentary and climatic significances[J].
Journal of Palaeogeography, 2022, 24(2): 210-225 (in
Chinese).

[3] FB3EE . FmEh WM. Jb5t: Bl AL, 1995,
ZHENG XY. Xinjiang Salt Lake[M]. Beijing: Science
Press, 1995 (in Chinese).

[4] M.T. B0 AR BE, J8 57 . #0734 I8 i 3t Bk 1
SR M. JERt A Tk AL, 1965,

http://journals.im.ac.cn/actamicrocn



2512

GAO Lin et al. | Acta Microbiologica Sinica, 2025, 65(6)

[6]
[7]

(8]

[12]

[17]

M.T'. Bansamxko, FAN L. Geochemical Law of Formation
of Potassium Salt DepositfM]. Beijing: China
Architecture & Building Press, 1965 (in Chinese).

LOWENSTEIN TK, JAGNIECKI EA, CARROLL AR,
SMITH ME, RENAUT RW, OWEN RB. The green river
salt mystery: what was the source of the hyperalkaline

lake waters? [J]. Earth-Science Reviews, 2017, 173:
295-306.
KUSHNER DJ. Microbial Life in  Extreme

Environments[M]. London: Academic Press, 1978.
VENTOSA A, NIETO JJ, OREN A. Biology of
moderately halophilic aerobic bacteria[J]. Microbiology
and Molecular Biology Reviews, 1998, 62(2): 504-544.
OREN A. Microbial life at high salt concentrations:
phylogenetic and metabolic diversity[J]. Saline Systems,
2008, 4(1): 2.

MAHESHWARI D, SARAF M. Halophiles. Sustainable
Development and Biodiversity[M]. Switzerland: Springer
International Publishing, 2015.

FEEE, 218, 1 H*BH ér ZESCHY, BrmAE . iRk
BB 0], ﬂi, 2007, 34(2): 390-392.

TANG SK, JIANG Y, ZHI XY, LOU K, LI WJ, XU LH.
Method for separate halophilic actinomycetes[J].
Microbiology, 2007, 34(2): 390-392 (in Chinese).
ST AT B SR A A0 T 2 A 1 X T RE T Y
Jﬁ?n_ 1. HEZZ: PUNTARERE, 2017
TIAN L. Diversity and functional enzymes, screening of
culturable halophilic bacteria from Aiding Lake[D].
Yaan: Master’s Thesis of Sichuan Agricultural
University, 2017 (in Chinese).
TANG SK, TIAN XP, ZHI XY, CAI M, WU JY, YANG
LL, XU LH, LI WIJ. Haloactinospora alba gen. nov., sp.
nov., a halophilic filamentous actinomycete of the family
Nocardiopsaceae[J]. International Journal of Systematic
and Evolutionary Microbiology, 2008, 58(9): 2075-2080.
Bansh . AR AE IR M]. LRt R ERL R
H i, 2000.
LU RK. Methods of Soil Agrochemical Analysis|M].
Beijing: China Agricultural Science and Technology
Press, 2000 (in Chinese).
KLINDWORTH A, PRUESSE E, SCHWEER T,
PEPLIES J, QUAST C, HORN M, GLOCKNER FO.
Evaluation of general 16S ribosomal RNA gene PCR
primers for classical and next-generation sequencing-
based diversity studies[J]. Nucleic Acids Research, 2013,
41(1): el.
HALL M, BEIKO RG. 16S rRNA gene analysis with
QIIME 2[J]. Methods in Molecular Biology, 2018, 1849:
113-129.
JEXRE, /N, ARG, BHHTC, MRT K . Chelex-100H
UL B DNA 15 PCR P SRR [7]. A 44 A i
2, 2010, 26(2): 123-125.
ZHOU SQ, HUANG XL, HUANG DY, HU XW, CHEN
JL. A rapid method for extracting DNA from
actinomycetes by Chelex-100[J]. Biotechnology Bulletin,
2010, 26(2): 123-125 (in Chinese).
YOON SH, HA SM, KWON S, LIM J, KIM Y, SEO H,
CHUN J. Introducing EzBioCloud: a taxonomically
united database of 16S rRNA gene sequences and whole-

>4 actamicro@im.ac.cn, 7 010-64807516

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

genome  assemblies[J]. International Journal of
Systematic and Evolutionary Microbiology, 2017, 67(5):
1613-1617.

EIROR, B2, ERLE, LSE, P, TR, s
S P 5 1) T 5 A i AT 2B DT R RIS ]
WUER#R, 2022, 62(6): 2074-2089.

LI QQ, WANG Y, WANG KK, NI P, SUN P, SU WY,
ZHANG BL. Composition and functional diversity of
extreme halophiles isolated from two salt lakes in
Xinjiang[J]. Acta Microbiologica Sinica, 2022, 62(6):
2074-2089 (in Chinese).

LOZUPONE CA, KNIGHT R. Global patterns in
bacterial diversity[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2007, 104(27): 11436-11440.

SIMACHEW A, LANZEN A, GESSESSE A, @VREAS
L. Prokaryotic community diversity along an increasing
salt gradient in a soda ash concentration pond[J].
Microbial Ecology, 2016, 71(2): 326-338.

WU QL, ZWART G, SCHAUER M, KAMST-VAN
AGTERVELD MP, HAHN MW. Bacterioplankton
community composition along a salinity gradient of
sixteen high-mountain lakes located on the Tibetan
Plateau, China[J]. Applied and Environmental
Microbiology, 2006, 72(8): 5478-5485.

SALMASO N, BOSCAINI A, PINDO M. Unraveling the
diversity of eukaryotic microplankton in a large and deep
perialpine lake using a high throughput sequencing
approach[J] Frontiers in Microbiology, 2020, 11: 789.
KRE, B2 55 2, s, MECER, PRIEDE . ARl o R A
X L AN T 2 R PEAYSZ IR [T]. AR,
2021, 29(6): 1200-1209.

ZHENG MN, LIANG XZ, HAN ZS, KANG JH, CHEN
YN. Effects of different improvement measures on the
diversity of soil bacteria communities in salt-alkali soil[J].
ActaAgrestia Sinica, 2021,29(6): 1200-1209 (in Chinese).
WALLIS PD, HAYNES RJ, HUNTER CH, MORRIS
CD. Effect of land use and management on soil bacterial
biodiversity as measured by PCR-DGGE[J]. Applied Soil
Ecology, 2010, 46(1) 147-150.

T, BEFD, AN, DR, FOUE . BRI
[7i) 3 0 2 0 R 45 A B LS i TR 7 [0, AR 2SR,
2021, 41(18): 7212-7225.

LI EY, MA XL, LU J, MA Y, LU GH. Microbial
community structure and its influencing factors of
different salt lakes on the northern slope of Tianshan
Mountains, Xinjiang[J]. Acta Ecologica Sinica, 2021,
41(18): 7212-7225 (in Chinese).

sl WISCHE, TN, BT, SRIGEZL, FARAE Bt
T b AR T T A - ST B 2 A A T ). B
27l i, 2014, 41(11): 2244-2253.

HAN J, HU WG, WANG YP, WU F, ZHANG XH,
WANG CH. Bacterial diversity in Bole river entrance soil
of Ebinur Lakewetland, Xinjiang by 16S rRNA gene
sequence analysis[J]. Microbiology China, 2014, 41(11):
2244-2253 (in Chinese).

ORTEBE, whAF, A0S, VL, JeJnfm, DU . e sk
AN T REVS 5 R R BRSE R AR OCHE )], b E RS R)
2%, 2017, 37(12): 4657-4666.



WA=, 2025, 65(6)

2513

(28]

(29]

[30]

(31]

[32]

ZHU DR, HAN R, SHI Q, SHEN GP, LONG QF,
SHUANG J. Correlation analysis of bacterial community
and hypersaline environmental factors in extreme salt
lakes on the Qinghai-Xizang Plateau[J]. China
Environmental Science, 2017, 37(12): 4657-4666 (in
Chinese).

FEIE ZE . v [ 52 DX AR W) 2 AR A SR S )
RWPFE[D]. 22 22 MR E 28T, 2021,

DU QIJ. The patterns and determinants of soil microbial
diversity in China’s drylands[D]. Lanzhou: Doctoral
Dissertation of Lanzhou University, 2021 (in Chinese).
XKLL, DAL, W, 25, E 3, R, 2250 . 18
R I 9GR8 A X SR W R R S5 A SR S e
O3 M 3], A2, 2022, 62(6): 2053-2073.

LIU YH, FANG BZ, GAO L, LI L, WANG S, JIANG
HC, LI WIJ. Community structure and ecological
functions of soil microorganisms in the degraded area of
Barkol Lake[J]. Acta Microbiologica Sinica, 2022, 62(6):
2053-2073 (in Chinese).

ADHIKARI NP, ADHIKARI S, LIU XB, SHEN L, GU
ZQ. Bacterial diversity in alpine lakes: a review from the
third pole region[J]. Journal of Earth Science, 2019, 30(2):
387-396.

JAKUBCZYK D, LESZCZYNSKA K, PACYGA-PRUS
K, KOZAKIEWICZ D, KAZANA-PLUSZKA W,
GELEJ D, MIGDAL P, KRUSZAKIN R, ZABLOCKA
A, GORSKA S. What happens to Bifidobacterium
adolescentis and Bifidobacterium longum ssp. longum in
an experimental environment with eukaryotic cells? [J].
BMC Microbiology, 2024, 24(1): 60.

DURANTI S, LUGLI GA, NAPOLI S, ANZALONE R,
MILANI C, MANCABELLI L, ALESSANDRI G,
TURRONI F, OSSIPRANDI MC, SINDEREN DV,
VENTURA M. Characterization of the phylogenetic
diversity of five novel species belonging to the genus
Bifidobacterium:  Bifidobacterium castoris sp. nov.,
Bifidobacterium callimiconis sp. nov., Bifidobacterium
goeldii sp. nov., Bifidobacterium samirii sp. nov. and
Bifidobacterium dolichotidis sp. nov.[J]. International
Journal of Systematic and Evolutionary Microbiology,
2019, 69(5): 1288-1298.

AR, R, XIWeARk, SCIRTL - R Wi, IR0, XM,
FLIGEES, REREE BRSO ER W] g 0 20 7 70 1 2 e S
TSI, B ARL R, 2023, 60(7): 1766-1772.
CHEN YX, LTY, LIU XL, ERSIMAN AINIJIANG, XU
LJ, LIU QQ, BAO XW, SONG SQ. Isolation
identification and activity of halophilic bacteria from
Dabancheng Salt Lake, Xinjiang[J]. Xinjiang Agricultural
Sciences, 2023, 60(7): 1766-1772 (in Chinese).

[34]

[35

—_

[36]

[37]

[38]

[39]

[40]

[41]

(42]

[43]

TRAE . 75 80 5 S % AR T ) il DX R 5% 3 o B B L R 1Y
TEE 454 5 Z D). B B 22 4Rk, 2017, 57(4):
490-499.

SHEN S. Community structure and diversity of culturable
moderate halophilic bacteria isolated from Qrhan Salt
Lake on Qinghai-Xizang Plateau[J]. Acta Microbiologica
Sinica, 2017, 57(4): 490-499 (in Chinese).

XU . AR 6 3R PR A 107 (L) 2B 0 e 5
SE[D]. Lt ZRAERAEAT 285, 2010.

LIU SS. Screening and identification on the
microorganism with potential applications from the East
sea[D]. Shanghai: Master’s Thesis of Donghua
University, 2010 (in Chinese).

WAL, X SCIE, 5K . 35 B IA T Eh i W 2 ek
KT REAE (4 1 2 (1], TS H X ARLFFE, 2015, 33(1):
233-237.

CHANG XB, LIU WZ, ZHANG XH. Biodiversity of
actinomycetes from Pozi saltern in Qingdao and the
screening for functional enzymes[J]. Agricultural
Research in the Arid Areas, 2015, 33(1): 233-237 (in
Chinese).

MA KJ, YE YL, FU YH, FU GY, SUN C, XU XW.
Genomic and phylotypic properties of three novel marine
Bacteroidota from bare tidal flats reveal insights into
their potential of polysaccharide metabolism[J]. Frontiers
in Marine Science, 2023, 10: 1222157.

DAI J, XU MB, PENG F, JIANG F, CHEN X, WANG Z,
FANG CX. Pontibacter soli sp. nov., isolated from the
soil of a Populus rhizosphere in Xinjiang, China[J].
Antonie Van Leeuwenhoek, 2014, 105(1): 65-72.

ZHANG L, ZHANG QJ, LUO XS, TANG YL, DAIJ, LI
YW, WANG Y, CHEN G, FANG CX. Pontibacter
korlensis sp. nov., isolated from the desert of Xinjiang,
China[J]. International Journal of Systematic and
Evolutionary Microbiology, 2008, 58(5): 1210-1214.
OREN A. Pyruvate: a key nutrient in hypersaline
environments?[J]. Microorganisms, 2015, 3(3): 407-416.
SINGH V, SHOW PL. Biomanufacturing for Sustainable
Production of Biomolecules[M]. Singapore: Springer
Singapore, 2023.

R, SKIIO . R QT R R T (). L
AR, 2016, 43(5): 1123-1135.

LI WJ, ZHANG YG. Advances in studies on the genus
Nocardiopsis[J]. Microbiology China, 2016, 43(5):
1123-1135 (in Chinese).

BENITEZ-MATEOS Al, PARADISI F. Halomonas
elongata: a microbial source of highly stable enzymes for
applied biotechnology[J]. Applied Microbiology and
Biotechnology, 2023, 107(10): 3183-3190.

http://journals.im.ac.cn/actamicrocn



