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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

enzyme

B RHER DR M EENES RS, B
AR pH E R R S AR i PR B R
fE, REENH TERIEAAEY RS RN, ER
PARZEHRMMESZ, TESHA 1000 K/
REFMERIBIP, —ffi T, SR KT 50 g/L 1)
WATA BI AT AR MR ER 150 b K A f e P I S
WA R o ) B, AR B AT R K
o2z 207 %8, BRI A3 AR IR ER Y | R L
UG RIER I, FE b i e AR b, Bl
EARGEK, WY E A oisE, i
KNI BB B T b 2 & AR ARk, B R
A T 764 1o A PRk AR S A R Y T Ak
PRl

W BT SR F T SR b ke 0 i A 4
Vg, Hohmgdh Ay EE A ARIERE LR
B i A2 K NaCl #BEAYANTR], Kushner!5 H4
Ay R B G EL #(0.2-0.5 mol/L NaCl), R EErgEh
P#1(0.5-2.0 mol/L NaClyFIEiE£R#i(2.0-5.2 mol/L
NaCl). Hwr, hEEERw M)z, Wi T
AT EEHHRE . BRI S h
WEE AR, B TEns i — R 5058
BLHITS, WA R . BRI 45,
il JLREAZ 7 A — 6 ELAT RRBR M 0T 17 Bl AR 0
Yy, WREERVERIEG . AR . ARMEESER, sk
FEER B AT = e il . 2 IREEIR B
A EAE T R R R R RS, Uk, BT AR

Mg ER AN 1Y 2 REVE LT R RENE, X T T iR
Uity PR BE B A 0 A E R AL, O R T 2 i T A
PR LI EE S LA

TR E IR AN RO KRG, i,
5, ZEAEAL, TR E AR IR T
IX Z—Pl g iR 2 rE . Hik Kok fba#
R EREL AR 22, ALY 7 FIRR R 5 71 £
Wt >, 5 NS MG RGER I R XA L
B AR WIA A A SRR S [ 287 £k 1 Y B
RPERAAE R E 2, RS S B E YR
W RINRER 2 5. I, XFHF5E A R 2L
RIEL B B A B AR

R T B R 1 R B A ST A A R
o H R B = AN [R] 2 AR 3 T v 3 A T 2 R Y e
BRFSE, DA H I RERRE TR A 0T . AT
16 AR 9 Y Y B TR £ U (- A ) R R 6 2
(A T8 B 1)) £ W90V S F 98 X %, R A Tllumina
MiSeq I 74 AR 515 e85 35 Jr ik MHEs & 1 )ik,
o) 7 e L T 1 < T Rl R - 7R 6 T g 6 4
B A ZREVERRAE , LA PSSR 01 £ 40 s vk
A SR, 43T b R A T A MRS
ZREVEMISE R, PR R [R]85 32 5L 10 40 B RUR
0 3 JELAT VR AR IO FEL A (B B 8 R AN TR Bk o AR5
S5 UK B TR AT i B s R 1 B A M R R
kR AR A R GE AR RN AT RS R SRR 2
A

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



2502

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

1 ME5FHE

1.1 #F
1.1.1 #HmRE

AR R AR B R A IE R I A R 1 A
W, PRI T IR EDRT IR AR TR [ IR DX b
Xk A, AT, DA 20t 50 4R
EPELEIC oK, JE THAA T, €
IR ATER R . AR R P i
WY B, EAIFE R TR Eh AL
W, FE R TR ER R ER I . AE PR A
O DX IR A AN [] M 55 Y 2R 1) - B R A il
RSS2 M IR, T 4 °CIRIE. FalbIng
WIRAEX AT 420347 -42°31'N, 93°36'-93°43'E
XN, EAHREEX AL T 43°26'N, 91°29'E
X3k
1.1.2 FERFIFNEE

HS Tag fiff, TaKaRa /A 7]; PowerSoil® DNA
Isolation Kit, I 2R ABR/AF ; DNA
marker, 4 T AW TR ER)BRADARAR] .

PCR {¥, ThermoFisher Scientific /3 #]; pH
1, BIEHEGAERT s SR, B
AR AR A E] . JIECEETE, R
BHEAEFA TR A F]
1.1.3 EHE

F1 5583/, BEREEY 0.5, L-KI14HmE
iz 0.1, Hil 1 mL, K;HPO4 0.1, KNO; 0.5, B
§ 20, pH7.2-7.5, £&¥/K 1000mL; F2 X%
FRHL: 7E F1 AL Lol B, R 258 KR i
K, HAEWAYARAE; F3 B (gL, ik
By 002, BE&EAK 002, H AR 001,
MgS0,:7H,0 5.0, Na,CO; 1.0, NaHCO; 0.5,
IIALEE 0.02, 3R 20.0, pH 7.2-7.5; F4 i3
S F3 A LB BEOR A, AR
ANAF s FS B!, JEH 10.0, BR/K 7B
% M 03, KNO; 2.0, MgSO,7H,0 0.05,
K,HPO4 2.0, CaCO; 0.02, FeSO4 0.001, Fifg
20.0, ZE1%/K 1000 mL, pH 7.2-7.5; F6 &kt

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

(R2A) (g/L): HEH 0.5, BehEHH 0.5, #H%
0.5, FR/AKMEEE M 0.5, AT TERM 0.5,
KH,PO, 0.3, MgS0,40.024, 4 0.3, Tiig
20.0, #F7K 1000 mL, pH 7.2; F7 85 E(EHK)
(g/L): Al PETE R 20.0, KNO; 1.0, K,HPO,
0.5, MgSO,-7H,0 0.5, FeSO4+7H,0 0.01, Iifl§
20.0, ZEM/K 1000 mL, pH 7.4-7.6.
1.2 BB RS

SRS T R AR N 8 iy, LA IR
- HERESL 7 0y R A M TR S ik B
RS (gl bz abrrg) . 8K
VoS Itk B A I SR I BR LT — i ;. pH
KHEBALE; HIESERRHSEE; -
5 COs> Hl HCO; RS /R H AN 5 Ca™ Al
Mg?" % EDTA 44 E 1 CIR AgNO; %
EHk s KA Na R A6 s SO R
EDTA [HI#Ei 7
1.3 Illumina MiSeq | 43 #r 2L 48 3%
MEY I

R4 PowerSoil® DNA TIsolation Kit FYHE/EA
WRPE IR 1] 3 E W SE 2 DNA K B O
FE R AL N 4] DNA 28 i b 5T R BB
84 A R 2 7] ] Tlumina MiSeq ~F 5 #£17 &1
HWEIT . 51 E 1Y 16S rRNA K Y
V3-V4[X, 581k 341F (5'-CCTACGGGNGGCW
GCAG-3")Hl 785R (5'-GG ACTACHVGGGTWT
CTAATCC-3")!". $ ¥ 43 7R H QIIME 2 # /4
£, YR 97% BYAR LR #EAT AT AR 43 2R ot
(operational taxonomic unit, OTU)XI 43 . &K
BRI S S 5 S oL
1.4 FARERMEMNSBSSHEL

R T VAR 24 R W AR A A B R
SYESACR, AHEST A SCER IR, BEER 7 FhaE
Fe 7E 5%. 10% 1 15% NaCl ¥ i 518 T i3
TTREER MR s o B el VKA IR AE I & IF
U0y 2 By R R, SRR 2 ¢ B THER S,
FHITCTEKHE 1:10 Ll fe e e, 1 HR



Ik SE | UZEIEER, 2025, 65(6)

2503

DR G I R 100 uL W R, SR HIIR K
LTR7E /| B =B T - S U 6 KA o T
BT 37 cCHBA R FE 7-14 do RIGHERATIES
FROE . BRI RN, WRIESAEN
25 IR RIS R AR AR R, Pk AP
B () BA R VS AE FL 35 33 S5 AR AT I bk 4l
b, KBrEE R
1.5 FERRREKRNERE

& LR ST N B A U i
Chelex-100 75 FEHURE PR AL 41 DNA, fii 40T
W 5l ¥ 27F (5'-AGAGTTTGATCMTGGCT
CAG-3" ) fil 1492R (5'-TACGGYTACCTTGTTA
GGACTT-3") #E 47 4 i 16S rRNA FE [H 4 14 |
PCR JZ W 1A %2 (50 uL): DNA 1 puL, 2xTag PCR
MasterMix % ¥ 25 puL, L . T UF 5l ¥
(20 umol/L)4% 1 pL, ddH,O 22 uL. PCR Sz J #&
. 95 °CTHAZME 5 min; 94 °CZEYE 1 min, 55 °C
2Pk S min, 72 °CHEfH 1.5 min, 3t 29 PMFIF;
72 °CCLAEA 10 min, W4 G =ik 24 T AEY)
ARV ) B A PR B A TN o 0 45 SR
1t EzBioCloud %% 4 J% (https://www. ezbiocloud.
net/)!' VAT AIAUME FEXT, A S A .
1.6 MERRREVRINEEFFHEMR

iz HR 2 0 ARSI R g ik, 43 i) T o
Kt 2T 2 3R il RN il 0 428 1% R BE R R R Bk
HEA TR DI RE T -
1.7 #HiEAIE

N FH SPSS (v17.0)%F 3 # AL P i 2145 R
PEATI ST FEAS ¢ K30 (R 56 8 35 1 /K 7Sk P<0.05)

*1 RS TIRF AR

1 Spearman A 5CHE 3B o ] PAST (v4.09)%K
X B AT o 28N, RA
GraphPad Prism (v8.0)2: &,

2 ERG0M

2.1 PAEA IR R
T R AL AR P R I R TR AL
PEFRAFER 22 5. W3 1 iR, PIEhIH) £ 4
() pH {E¥ R 8.50 247, J& Tkt . LMt
T L TR LR AR B 4 5 59.28 ms/em Al
227.15 glkg, = T RIS 8, BLAh, BRI
+ 3 pH, HCOs™ . CI', M@ M K" &2 5H
2. TN R HCO, A K& v
TLMAI, m-EA LA Clf Mg & B e
TR W 58 4 5L E
22 ARMLTERMEDZHEMHREE
51
2.2.1
R
Ilumina MiSeq Wl /5 %54 73 B R (K 1A),
MR E Y 2R, B a0
T 371782 49 150 H 286 £ 590 J& . ]9k
EREEE NFTET 1 (Bacteroidota, 33.41%). #F
i ¥F W [ (Bacillota, 24.71%). 7 2k & [
14.64%) 1 fix B j & )
10.58%). 4 1 B 9 LA
Bacteroidota (35.05%) Fl Bacillota (19.83%) 1
0T, EMAHLL Bacillota (44.66%) F1HLFT 1 ]

ETRIBEFABARPBEDNR ZEHK

(Actinomycetota,

(Pseudomonadota,

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
% Bacillus
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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 WkE&®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
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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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Ruminococcus Fll Megasphaeras 33 J& T Bacillota,
HCA A= 96 1 B8 0 A L RETE AN o 2% A 1 1E B
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[ ) Bifidobacterium (6.97%), 3C mk R i&
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IR I 2.29%, (AR B R IRIGZ
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