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Diversity of culturable bacteria and their extracellular active
substance properties in alpine lakes of Southwest China

ZHANG Jiang' HUANG Jia-Feng' LI Yan-Ling" LIU Dan' WU Ri-Bang'
LIAO Bin-Qiang' LEI Ming' XIAO Xiao' WU Cui-Ling' HE Hai-Lun"

(1. State Key Laboratory of Medical Genetics, School of Life Science, Central South University, Changsha,
Hunan 410013, China)
(2. Laboratory of Lake Sediments and Environmental Evolution, Nanjing Institute of Geography and Limnology
Chinese Academy of Sciences, Nanjing, Jiangsu 210008, China)

Abstract: [Objective] The main aim of this study is to study the diversity of culturable bacteria in
alpine lakes of different regions located in Southwest China, and to analyze their capabilities for
producing proteases, cellulases and exopolysaccharides. [Methods] Four water samples in different
alpine lakes located in Southwest China, including Horse Lake in Leibo (LB), Kanbon sub Lake in
Sino-Burmese border (ZM), Lotus Lake in Shade (SD) and Qinghai Lake in Tengchong (TC), were
collected to isolate the cultural bacteria based on the spread plate method. The genera of culturable
bacteria were identified by analyzing the physiological and biochemical indexes and 16S rRNA gene
sequences. The strains were further detected for production of proteases, cellulases and
exopolysaccharides. [Results] A total of 41 strains were isolated from four lakes in southwestern
China, of which 15 strains from LB, 13 strains ZM, 7 strains SD and 6 strains TC. According to
phylogenetic analysis of 16S rRNA gene sequences, there were obvious differences in composition and
abundance of culturable bacteria among four lakes. The dominant genus was Bacillus, and followed by
Aeromonas and Pseudomonas in LB and ZM. All isolates were Bacillus in TC, whereas strains were
highly specific in SD. Further research on enzyme activities and exopolysaccharides were detected in
41 cultural bacteria, of which 28 strains had protease activity, 6 strains had cellulase activity and
17 strains produced exopolysaccharides (EPS). In addition, 2 strains produced proteases, cellulases and
exopolysaccharides simultaneously, 10 strains produced proteases and exopolysaccharides, 2 strains
produced proteases and cellulases, and only 1 strain produced cellulases and exopolysaccharides.
[Conclusion] The culturable bacteria in alpine lakes were capable of secreting various extracellular
active substances, with potential for further development and research.

Keywords: Alpine lake, 16S rRNA gene, Biodiversity, Protease, Cellulase, Exopolysaccharides
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Figure 1 Geographical location of four sampling sites in
16S Southwest China
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Table 1 Species classification, some physiological and biochemical properties, and extracellular-active substance diversity
in alpine lakes of Southwest China

Region Strains Catalase Oxidase V-P test st Nitra.te Gram Protease Cellulase Exopolysaccharides
reaction  reduction .
reaction stain

LB  Bacillus sp. LB1 + 4 - = & + _ _ T
Exiguobacterium sp. LB2 3 4 e = - 3 — — —
Bacillus sp. LB3 ¥ +* = = A + + - =
Bacillus sp. LB4 ¥ 4 + + = + + _ _
Aeromonas sp. LB5 e h + + i — + _ _
Pseudomonas sp. LB6 + + = = 4 = 4 + -
Aeromonas sp. LB7 4F + + e L — — _ +
Bacillus sp. LB8 i 4 - = & + + _ _
Pseudomonas sp. LB9 ¥ + - - i — _ _
Bacillus sp. LB10 ¥ +* = = A + + - =
Pseudomonas sp. LB11 4 + — - & = + _ +
Bacillus sp. LB12 + 4 4 = + 4 - T+ +
Bacillus sp. LB13 + + + = + + _ _ _
Bacillus sp. LB14 i 4 - = & + + _ T
Bacillus sp. LB15 ¥ 4 + - 4+ + + _ _

ZM  Bacillus sp. ZM1 ¥ 4 + - 4+ + + _ _
Aeromonas sp. ZM2 4 4 + + + = -+ - +
Aeromonas sp. ZM3 + + A A s = +++ = ++
Bacillus sp. ZM4 4 + + - + + + = -
Pseudomonas sp. ZM5 A 4 - = & - + _ _
Paenibacillus sp. ZM6 + + — — — + _ + _
Aeromonas sp. ZM7 + + + %+ ¥ = SR - +
Paenibacillus sp. ZM8 4 4 = = - 4 ++ = —
Pseudomonas sp. ZM9 + + = = s = AHsE - +
Aeromonas sp. ZM10 4F + + + 4 — + + +
Pseudomonas sp. ZM11 A 4 - = & - _ _ T
Paenibacillus sp. ZM12 + + — — — + _ _ _
Pseudomonas sp. ZM13 + + — — + _ + _ _

SD  Sphingobacterium sp. SD1 + + = + —_ _ _ _ _
Acinetobacter sp. SD2 4 - = = - _ _ _ i
Variovorax sp. SD3 4 4 - - - + _ _ _
Pseudomonas sp. SD4 4 + - = + — + _ _
Flavobacterium sp. SD5 + + — + + _ T+ _ _
Pseudomonas sp. SD6 + + — — + _ _ _ _
Pantoea sp. SD7 e - - - + — _ _ _

TC  Bacillus sp. TC1 + A 4 - 4 4 4 - T+
Bacillus sp. TC2 + 4 4 = + + 4 - 4+
Bacillus sp. TC3 A s = = i i AHF 3 +
Bacillus sp. TC4 ¥ 4 + - 4+ + + _ _
Bacillus sp. TC5 4 + - - = n + _ T
Bacillus sp. TC6 +* 4 ok - + o + T+

- / + / ++ / +H+ /
Note: —: Negative reaction/No activity; +: Positive reaction/Moderate activity,; ++: Positive reaction/High activity; +++: Positive

reaction/Very high activity.
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Exiguobacterium sp. LB2 Paenibacillus sp. ZM8

Bacillus sp. LBI1 Aeromonas sp. ZM2 Acinetibacter sp. SD2 Bacillus sp. TC1

B3 EoEwEEmREEE R
Figure 3 Screening active substances in some strains
Al-A4 B1-B4 C1-C4

Note: A1—-A4: The protease circle of partial strains; B1-B4: The cellulase circle of partial strains; C1—C4: Detection of exopolysaccharides
(EPS) ability of partial strains.
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Figure 4 Aeromonas sp. ZM3 polysaccharide drawing test (A) and detection of exopolysaccharides (EPS) content of
partial strains (B)
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Figure 6 Protease activity of partial strains B8 N EHRHTHREGTELRE
Exiguobacterium sp. LB2 100%. Figure 8 Cellulase activity of partial strains
Note: The maximum enzyme activity of Exiguobacterium sp. LB2 Bacillus sp. LB12 100%.

was 100%. Note: The maximum enzyme activity of Bacillus sp. LB12 was 100%.
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