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Diversity and functional enzymes of halophilic bacteria in the Da
Qaidam Salt Lake

XU Qianyu, WANG Qiangian, LU Jiaxuan, ZHU Derui, XING Jiangwa*

Research Center of Basic Medical Science, Medical College, Qinghai University, Xining, Qinghai, China

Abstract: [Objective] To explore the diversity of halophilic bacteria in the magnesium sulfate-
subtype Da Qaidam Salt Lake, compare the effects of different culture conditions on the diversity
of halophilic bacteria, and screen the extracellular functional enzymes of halophilic bacteria.
[Methods] Illumina MiSeq was used to analyze the diversity of bacteria in the Da Qaidam Salt
Lake. Thirteen media, 2 salinities, 8 enrichment culture periods, and 6 dilution gradients were
selected to isolate halophilic bacteria, and the taxonomic status of the strains was determined by
16S rRNA gene sequencing and BLAST sequence alignment. According to the sequencing results,
45 representative strains of different species belonging to 18 genera were selected and 7 media
were used to screen the strains with activities of functional enzymes including protease, cellulase,
amylase, and esterase. [Results] A total of 244 bacterial OTUs were obtained by culture-free high-
throughput sequencing in the Da Qaidam Salt Lake. The strains with clear taxonomic status were
annotated to 153 genera, 133 families, 92 orders, 53 classes of 19 phyla, with Pseudomonadota and
Actinomycetota being the dominant phyla. A total of 593 strains of halophilic bacteria were isolated
from the mixed water and mud samples of the Da Qaidam Salt Lake, belonging to 22 genera,
12 families, 8 orders, 5 classes of 4 phyla, of which 11 strains may belong to potential new species.
Pseudomonadota and Bacillota were the dominant phyla, and Halomonas, Virgibacillus, and
Bacillus were the dominant genera. The number of halophilic bacteria isolated under the culture
with 10% NaCl was significantly higher than that with 18% NaCl, indicating that moderately
halophilic bacteria were dominant among culturable halophilic bacteria. The media with better
isolation performance were 2216E, 1/2 R2A, 1/10 2216E, and 1/10 TSA, all of which are
oligotrophic media. The optimal enrichment culture periods ranged from 7 to 30 days. The
undiluted samples obtained the best isolation results, followed by dilution gradients of 10™" and
1072 Among the 45 representative strains, 40.0%, 31.1%, 40.0%, and 82.22% of the strains had
activities of protease, cellulase, amylase, and esterase, respectively. [Conclusion] Optimization of
the isolation and culture conditions can significantly improve the diversity of halophilic bacteria
that can be cultured in salt lakes. The high diversity and high halophilic enzyme activities of the
culturable halophilic bacteria from the Da Qaidam Salt Lake provide a basis for further application
of these halophilic bacteria.

Keywords: Da Qaidam Salt Lake; halophilic bacteria; biodiversity; isolation and culture;
high-throughput sequencing; functional enzymes
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Table 1
in samples from the Da Qaidam Salt Lake

Alpha diversity indices of bacterial communities

Sample Sobs Chaol ACE
index index index index index

DCD1 92 935 9273 0.65 0.81 99.99
DCD2 114 1140 114.16 0.64 0.83 99.99
DCD3 99 99.0 99.29 0.62 0.84 99.99

Shannon Simpson Coverage
index (%)
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Culture-free bacterial diversity analysis in the Da Qaidam Salt Lake. A: Phylum; B: Class; C: Order;
D: Family; E: Genus.
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Table 2  Diversity of culturable halophilic bacteria from the Da Qaidam Salt Lake

Phylum Class Order Family Genus Strain
number
Pseudomonadota Gammaproteobacteria Oceanospirillales ~ Halomonadaceae Halomonas 201
Vreelandella 32
Halovibrio 6
Aidingimonas 2
Salicola 1
Hahellaceae Halospina 1
Alteromonadales Idiomarinaceae Idiomarina 15
Chromatiales Ectothiorhodospiraceae  Spiribacter 1
Pseudomonadales ~ Pseudomonadaceae Pseudomonas 4
Marinobacteracea Marinobacter 1
Alphaproteobacteria Hyphomicrobiales  Nitrobacteraceae Bradyrhizobium 35
Bacillota Bacilli Bacillales Bacillaceae Bacillus 102
Virgibacillus 108
Oceanobacillus 19
Alkalibacillus 14
Halobacillus 10
Gracilibacillus 1
Pseudalkalibacillus 1
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Figure 2 Genus-level diversity of culturable halophilic bacteria in the Da Qaidam Salt Lake.
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Figure 3

Pie chart of genus-level diversity of culturable halophilic bacteria obtained at different salt

concentrations in the Da Qaidam Salt Lake. A: 18% NaCl; B: 10% NaCl.
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Figure 4 Genus-level diversity of culturable halophilic bacteria acquired under different culture conditions from
the Da Qaidam Salt Lake. A: Different media; B: Different enrichment time; C: Different dilution gradients.
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Table 3 Potential new species of halophilic bacteria in the Da Qaidam Salt Lake

Strain No. Phylogenetically related strain 16S rRNA gene similarity (%)
DCBG3011 Bacillus tequilensis strain ZL4 98.56
DCBB4011 Alkalibacillus halophilus strain ESP2 3 98.55
DCBR2051 Bradyrhizobium guangxiense strain CCBAU 53363 98.44
DCBO6112 Salicola marasensis strain SMa3 97.13
DCBTI1121 Halospina denitrificans strain HGD 1-3 98.25
DCBB3011 Halomonas qaidamensis strain XH36 97.62
DCBB3001 Virgibacillus salarius strain VS-33 97.60
DCBT4032 Bacillus haynesii strain INH14A 97.70
DCBS4004 Staphylococcus cohnii strain S10 96.68
DCBT4043 Bacillus altitudinis strain NS7 96.60
DCBB4101 Aliifodinibius salipaludis strain WN023 95.21
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Figure 5 Phylogenetic analysis of potential new species of culturable halophilic bacteria from the Da Qaidam
Salt Lake. Numbers at the nodes are bootstrap values obtained after 1 000 replicates. The numbers in parentheses
represent the accession numbers in the GenBank for 16S rRNA gene sequences of those reference strains and

isolated strains. The scale bar represents evolutionary distance.
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4 FEREREMITIELER

Table 4 Screening results of halophilic enzyme activities

Genus Strain No. Enzyme activity
Protease Cellulase Amylase Tween-80  Tween-60  Tween-40  Tween-20
Halomonas DCBB3011 — — — —
DCBB2002 — — —
DCSR3011
DCBR2011
Bacillus DCBT4032
DCBT4043
DCBR2021
DCBTI1021
DCSR2052 +
DCSR3003 — — +
DCSR3041 +
DCBS1032
DCBG3011 — + —
Virgibacillus DCBB3001
DCBT1022
DCBS3011 — — —
DCBE0001
DCSE7001
DCBR1021 — —
Bradyrhizobium DCBR2051
DCBR2041
DCBR2052 — —
Vreelandella DCBB1003 + —
Staphylococcus DCBS4004 — —
DCB02003 — — — —
DCBRI1011 — — — +
DCBO1001  + + — —
Oceanobacillus DCBB1023 — — — —
Idiomarina DCBB2023 — — — +
Alkalibacillus DCBTI1111 + — — —
DCBG2041 — — — —
DCBO3001 + — — —
DCBB4011 — — +
Halobacillus DCBB4051 — + —
Halovibrio DCSR3002
Pseudomonas DCSE7001
DCBA1001 — — +
Planococcus DCSB2004
DCBG2012  — — — — —
Marinobacter DCSB3002 + —
Kocuria DCBR3041 — —+
DCSES5121 — — — — +
Gracilibacillus DCBS4002 — —+ — — — — —
Pseudalkalibacillus DCBGS5001 — — — — — — —
Fodinibius DCBB4101 — — — + — — —

+: FEME —: B
+: Positive; —: Negative.
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