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| solation and identification of Bacillus-like species from glacier soil
samples collected from Hailuogou in Sichuan Province

LIU Qin-Ying*? LIU Guo-Hong? WANG Jie-Ping’? CHE Jian-Mei?
CHEN Qian-Qian®* LIU Bo*

(1. College of Life Science, Fujian Normal University, Fuzhou, Fujian 350117, China)
(2. Agricultural BioResources Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China)

Abstract: [Background] Bacillus-like bacteria can form endospores with strong resistance and thus,
can survive in avariety of extreme environments. Their multiple metabolic products make them have
important research value in many fields. Because glacier has the low temperature and oligotrophic
unique environment, Bacillus-like bacteria in this environment would be specific, which could be
expected to enrich the Bacillus-like resources and discover new functional genes. [Objective] The
aim of this study is to understand the diversity of the Bacillus-like resources in the Hailuogou glacier,
Sichuan Province, providing a foundation for mining new Bacillus-like resources. [Methods]
Bacillus-like strains were isolated by the culture-dependent method and identified using 16S rRNA
gene sequence. Subsequently, physiological-biochemical characteristics of the typical strains selected
were determined and further performed cluster analysis by the group-average method with the
Euclidean distance model. [Results] In total, 44 strains were obtained and 36 strains belonged to
Bacillus-like bacteria. The 16S rRNA gene phylogenetic analysis showed that they could be assigned
to 19 species within 4 genera including Bacillus (11 species 24 strains), Paenibacillus (2 species
3 strains), Brevibacillus (4 species 5 strains) and Lysinibacillus (2 species 4 strains). Thus, the genus
Bacillus was dominant. The physiological-biochemical characteristics showed that: i) only 3 strains
could survive at 4 °C, 7 strains could grow at 50 °C, whereas most strains could grow well at 30 °C;
ii) 74% of the Bacillus-like strains had alkali resistance; and iii) 37% of them could grow without
NaCl. According to the physiological and biochemical results, those strains could be divided into
3 groups by cluster analysis using the group average method and Euclidean distance models. The
first group could hydrolyze esculin and utilize glucose. The second groups could not hydrolyze
esculin and utilize glucose, and the third group could only utilize glucose. [Conclusion] Hailuogou
glacier soil isrich in the Bacillus-like resources, providing a basis for the mining of them.

Keywords: Bacillus-like, Glacier, Isolation, Identification
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1 ZFRFENEERS

Figurel Morphology of some colonies of Bacillus-like species

Note: A: Bacillus megaterium FJAT-46639; B: Paenibacillus provencensis FJAT-46641; C: Lysinibacillus fusiformis FJAT-46642; D:
Brevibacillus reuszeri FJAT-46643; E: Bacillus siamensis FJAT-46644; F: Bacillus aryabhattai FJAT-46645; G: Bacillus thuringiensis
FJAT-46646; H: Brevibacillus fluminis FIAT-46648; |: Brevibacillus agri FJAT-46651; J Bacillus weihenstephanensis FJAT-46654; K:
Bacillus cytotoxicus FIAT-46655; L: Bacillus nealsonii FIJAT-46656; M: Bacillus simplex FJAT-46657; N: Bacillus indicus FJAT-46658; O:
Bacillus licheniformis FJAT-46659; P. Brevibacillus brevis FJAT-46662; Q: Paenibacillus amylolyticus FJAT-46664; R: Bacillus
psychrosaccharolyticus FJAT-46679; S: Bacillus cecembensis FIAT-46680.
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Table 1 Identification of Bacillus-like species isolated from Hailuogou glacier soil samples based on 16S rRNA gene
sequences
Strain No. Scientific name Similarity (%) Accession No.
FJAT-46639 Bacillus megaterium 100.0 MF322893
FJAT-46641 Paenibacillus provencensis 99.8 MF322892
FIAT-46642 Lysinibacillus fusiformis 100.0 MF322891
FJAT-46643 Brevibacillus reuszeri 99.8 MF322890
FJAT-46644 Bacillus siamensis 100.0 MF322889
FIAT-46645 Bacillus aryabhattai 100.0 MF322888
FJAT-46646 Bacillus thuringiensis 99.9 MF322887
FJAT-46648 Brevibacillus fluminis 99.9 MF322886
FIAT-46651 Brevibacillus agri 994 MF322885
FJAT-46654 Bacillus weihenstephanensis 99.6 MF322884
FJAT-46655 Bacillus cytotoxicus 100.0 MF322883
FJAT-46656 Bacillus neal sonii 98.9 MF322882
FJAT-46657 Bacillus simplex 99.3 MF322881
FJAT-46658 Bacillusindicus 100.0 MF322880
FJAT-46659 Bacillus licheniformis 100.0 MF322879
FIAT-46662 Brevibacillus brevis 99.0 MF322878
FJAT-46664 Paenibacillus amylolyticus 98.5 MF322877
FJAT-46679 Bacillus psychrosaccharolyticus 99.8 MF322876
FJAT-46680 Bacillus cecembensis 99.5 MF322875
2.3 FHMFESEOEFESYSR FJIAT-46657 FJAT-46679 FJAT-46680 3
16S rRNA 4°C 4°C
19 16SrRNA 30°C
pH NaCl 2 24 ZFRMEFZIRIERE LSS
FJIAT-46639 FJAT-46645  FJAT-46659
0-10% 1%—-3% ( 3
1 3% 7 5 3
64% pH 5.7-11.0 (Paenibacillus provencensis)
FJAT-46648 pH 5.7-8.0 (B. siamensis) (B. megaterium)
FIAT-46658  FJAT-46679 pH 7.0 (B. aryabhattai)
15% pH 10.0 (B. nealsonii) (B. licheniformis)
FIAT-46643 pH 5.7-10.0 (Paenibacillus amylolyticus)
pH 7.0 7 4
52.6% 50 °C FJAT-46648 (Lysinibacillus fusiformis)
FJAT-46651 30-45 °C (Brevibacillus brevis) (Brevibacillus
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Figure2 Phylogenetic analysisof 19 Bacillus-like species from soil samplesin Hailuogou Sichuan Province
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=2 ZHFRATE pH. JRE X NaCl £ik45

Table2 Thegrowth characteristics of Bacillus-like speciesin different conditions of pH, temperature and NaCl

( ) NeCl ()

pH ( 550 Temperature range Content of NaCl
Strain No. Scientific name ( O:))t||_| I’T:L?;’?EH) (°C) (Optimum (%) (Optimum
temperature) NaCl)
FIAT-46639 Bacillus megaterium 5.7-11.0 (5.7) 15-50 (45) 0-10(1-3)
FIAT-46641 Paenibacillus provencensis  5.7-11.0 (7.0) 15-50 (30) 1-3(2)
FIAT-46642 Lysinibacillusfusiformis ~ 5.7-11.0 (7.0) 15-50 (30) 1-5(2)
FIAT-46643 Brevibacillus reuszeri 5.7-10.0 (7.0) 30-50 (45) 1
FIAT-46644 Bacillus siamensis 5.7-9.0 (7.0 30-50 (45) 3-5
FJIAT-46645 Bacillus aryabhattai 5.7-11.0 (8.0) 15-50 (30) 0-10 (1)
FJAT-46646 Bacillus thuringiensis 5.7-11.0 (7.0 15-50 (30) 1-7 (1)
FIAT-46648 Brevibacillus fluminis 5.7-8.0 (7.0 30-45 (30) 1
FIAT-46651 Brevibacillus agri 5.7-9.0 (8.0 30-45 (45) 1
FJAT-46654 Bacillus weihenstephanensis 5.7-11.0 (5.7) 15-30 (15) 1-5(2)
FJAT-46655 Bacillus cytotoxicus 5.7-11.0 (5.7) 20-30 (30) 1-3
FIAT-46656 Bacillus neal sonii 5.7-11.0 (8.0) 15-45 (30) 1-5(1-3)
FJAT-46657 Bacillus simplex 5.7-11.0 (8.0 4-30 (15) 1-7(2)
FJAT-46658 Bacillusindicus 7.0-11.0 (8.0-9.0) 15-50 (30) 0-7(2)
FIAT-46659 Bacillus licheniformis 5.7-11.0 (7.0) 20-50 (45) 0-10(0-3)
FIAT-46662 Brevibacillus brevis 5.7-9.0 (8.0) 20-50 (45) 0-1
FIAT-46664 Paenibacillus amylolyticus 5.7-11.0 (8.0 15-30 (30) 0-5(0-1)
FIAT-46679 Bacillus psychrosaccharolyticus ~ 7.0-11.0 (8.0) 4-30 (15) 3
FJAT-46680 Bacillus cecembensis 5.7-11.0 (10.0) 4-30 (30) 0-3(0-1)

Bacitlus indicus (AI583158)
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Bacillus psychrosaccharolvticus (AB022195)
Bacilius simplex (A1439078)
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Bacillus cecembensis (AMT73821)
Brevibacilius brevis (AB271756) 5
Rrevibacillus reuszeri (AB112715)

Lvsinibacillus fusiformis (AF169337)
Bacillus nealsonii {EU656111)

Bacillus licheniformis (CPO00002)

—
Bacillus siamensis (GQ281299}
1

Paenibaciltus provencensis (ET211893})
Paenibacillus amviolyticus (D85396)
Bacillus arvabhartai (EF114313) :l
1 1

Bacillys megaterium (D16273)
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E 3 RAIERFIEEBRRR G
Figure3 Thedendrogram obtained by the group aver age method

Note: The number is Euclidean distance in the picture.
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Table3 Threegroupsof Bacillus-likefor positiverate average of physiological and biochemical indexes

1 7 2 4 3 6
Semple Seven samples of the first Four samples of the second Six samples of the third
group group group
Glycerol 0.86 0.00 0.17
Erythritol 0.14 0.00 0.00
L- L-Arabinose 1.00 0.00 0.00
Ribose 1.00 0.00 0.5
D- D-Xylose 1.00 0.00 0.17
Galactose 0.71 0.00 0.00
Glucose 1.00 0.00 1.00
Fructose 1.00 0.00 0.83
Mannose 0.57 0.00 0.50
Sorbose 0.14 0.00 0.00
Rhamnose 0.14 0.00 0.00
Inositol 0.29 0.00 0.33
Mannitol 0.86 0.25 0.17
Sorbitol 0.57 0.00 0.00
a- -D- 0.43 0.00 0.17
a-Methyl-D-mannose glycosides
N- - N-Acetylglucosamine 0.86 0.25 0.67
Amygdalin 1.00 0.00 0.00
Arbutin 0.86 0.00 0.17
Esculin 1.00 0.00 0.67
Sdligenin 0.86 0.00 0.50
Cellobiose 0.86 0.00 0.67
Maltose 0.86 0.00 0.83
Lactose 0.43 0.00 0.00
D-Melibiose 0.71 0.00 0.17
Sucrose 1.00 0.00 0.33
Trehalose 0.86 0.00 0.83
Melizitose 0.29 0.00 0.00
Raffinose 0.86 0.00 0.33
Starch 1.00 0.00 0.50
Glycogen 0.86 0.00 0.50
Gentiobiose 0.86 0.00 0.00
D- D-Turanose 0.57 0.00 0.00
Gluconate 0.29 0.00 0.33
= 0.71 0.25 0.33
2-Nitrophenyl B-D-galactopyranoside
Arginine 0.14 0.25 0.33
Sodium citrate 0.14 0.25 0.17
Carbamide 0.00 0.50 0.00
Kohn Gelatin 0.43 0.75 1.00
Distance of center RMSTD=1.3451 RMSTD=7.817 3 RMSTD=1.362 1
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RMSTD=1.362 1 1 60% (B.
3 1 3 nealsonii) FJAT-46656 81.58%
2 (Brevibacillus reuszeri) FIAT-46643
1 (B. cecembensis) FJAT-46680
3 5.26%
) ’ 3 Wik
2
6 - B-
1 Y- G+C%
G+C% 30 (1319
4 19 (Bacillus)
11 (Paenibacillus) 2
Wilks (Brevibacillus) 4
(Lysinibacillus) 2
30%
x4 FHREEESE HIERAM RS
Table4 Statisticsof positive rate of physiological and biochemical indexes of Bacillus-like
Variables Sample Average value Variance Standard deviation Wilks Pvalue
FJAT-46639 38 0.657 9 0.2312 0.4808 0.600 1 0
FIAT-46641 38 0.3947 0.2454 0.495 4 0.6211 0
FIAT-46642 38 0.1316 0.117 4 0.342 6 0.400 3 0
FIAT-46643 38 0.052 6 0.051 2 0.226 3 0.237 2 0
FIAT-46644 38 0.7895 0.1707 0.4132 0.502 4 0
FIAT-46645 38 0.657 9 0.2312 0.4808 0.600 1 0
FIAT-46646 38 0.368 4 0.2390 0.488 9 0.6117 0
FIAT-46654 38 0.368 4 0.2390 0.488 9 0.6117 0
FJAT-46655 38 0.263 2 01991 0.446 3 0.550 3 0
FJAT-46656 38 0.8158 0.154 3 0.3929 0.4730 0
FJAT-46657 38 0.236 8 0.1856 0.4309 0.528 0 0
FJAT-46658 38 0.3947 0.2454 0.495 4 0.6211 0
FJAT-46659 38 0.7105 02112 0.459 6 0.569 6 0
FIAT-46662 38 0.026 3 0.026 3 0.162 2 0.152 4 0
FIAT-46664 38 0.605 3 0.2454 0.495 4 0.6211 0
FIAT-46679 38 0.2895 02112 0.459 6 0.569 6 0
FJAT-46680 38 0.052 6 0.051 2 0.226 3 0.237 2 0
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