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Bacillus-like species and development of microbial agents, we studied the species distribution and
diversity of Bacillus-like isolated from soil samples in Kekexili of Qinghai Province. [Methods]
Alkalophilic Bacillus species were isolated from soil samples using the cultural method on Horikoshi I
medium and preliminarily identified based on 16S rRNA gene sequences. Then, strains with ability of
protease-, cellulases- and xylanase-producing activity were screened using transparent zone method.
[Results] A total of 66 strains of alkalophilic Bacillus species were obtained and identified as
22 species belonging to 6 genera, Bacillus, Gracilibacillus, Halobacillus, Jeotgalibacillus,
Paenibacillus, and Psychrobacillus, by 16S rRNA gene sequences similarities analysis. The genus
Bacillus was the dominant bacteria. There were 2 new potential species of alkalophilic Bacillus with
16S rRNA gene similarities 97.00% and 98.65%, respectively. Three enzymes-producing strains
accounted for 95.00% of all isolates, including 55 strains with protease activity, 27 strains with
cellulase activity, and 8 strains with xylanase. [Conclusion] There were rich resources of alkalophilic
Bacillus species and abundant enzyme-producing strains in Kekexili of Qinghai Province, which
provided a great potential of exploitation of alkaliphilic Bacillus species.

Keywords: Kekexili, Alkaliphilic Bacillus species, Protease, Cellulase, Xylanase
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Table 1 The information of soil samples collected from Kekexili

No. Sampling position Habitat type Altitude (m) Longitude and latitude elFE Date
6572 5010 98°3526.18N  37°05'09.48E 7.51 2013/8/6
6576 5010 98°3526.18N  37°05'09.43E 8.28 2013/8/6
6577 5010 98°3526.18N  37°05'09.48E 7.37 2013/8/6
6589 4500 98°3526.18N  37°05'09.48E 8.16 2013/8/6
6591 4 500 98°3526.18N  37°05'09.48E 7.89 2013/8/6
6594 4500 98°3526.18N  37°05'09.48E 8.26 2013/8/6
6598 4500 98°35'26.18N  37°05'09.48E 7.93 2013/8/6
6605 4500 98°35'26.18N  37°05'09.48E 8.19 2013/8/6
6606 4500 98°35'26.18N  37°05'09.48E 8.37 2013/8/6
6608 4 500 98°3526.18N  37°05'09.48E 8.46 2013/8/6
8524 4424 93°57'N  35°10'E 9.72 2015/8/21
8517 4380 94°33'N 34°59°E 7.94 2015/8/21
1.1.3 pH Mi=i&E5&: LB Life Eco PCR
(g/L) 10.0 5.0 NaCl5.0 PowerPac Basic Bio-Rad
15.0-20.0 1.0 mol/L NaOH (Eppendorf Centrifuge 5418R)
pH pH 5.00 6.00 7.00
8.00 9.00 10.00 11.00 12.00 13.00 1.0x10°Pa 1.2 SCI&FE
20 min 1.2.1 FERGFRITEERENSE:
1.1.4 EFRNEFRE: (1) 80 °C 10 min
(g/L) 10.0 NaCl 5.0 10.0 (17
10.0 15.0-20.0 pH 9.00
U 20gKI 1.0gL, 300mL  (2)
(g/L) 3.0 10.0
NaCl 5.0 20.0 15.0-20.0 pH 9.00
(3) =
(g/L) 5.0 15.0-20.0 pH 9.00 x /
1.0x10° Pa 20 min
6.8x10" Pa 15 min
1.1.5  EFERFIFLIE: 16S tRNA -80 °C
27F (5'-GAGTTTGATCCTGGCTCAG-3') 1.2.2 FEZFRIATE AT 16S rRNA EEEE:
1492R (5'-ACGGCTACCTTGTTACGACTT-3") - DNA!M" pCR
( ) Tag 16S rRNA PCR
( ) 100 bp Marker (25 puL) 10xBuffer 2.5 pL 10 mmol/L dNTP
mixture 0.5 uL 10 nmol/L  27F  1492R
GelDoc-It Ts Imaging System UVP 1 uL Tag (5 U/ul) 0.3 uL DNA 1 uL ddH,O
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Table 2 Identification based on 16S rRNA gene sequences, pH tolerance and enzyme activity detection of

29 alkaliphilic Bacillus strains

pH C )
. . Similari Accession Range of pH Protease Cellulase Xylanase
Strain No. Scientific name %) v No. (opti;gnum }I:H) (HIC) (HIC) ?H/ 0
FJAT-45150 Bacillus aerophilus 100.00 KX767131  5.00—12.00 (10.00) 2.39 5.71 =
FJAT-45131 Bacillus circulans 100.00 KX767112  5.00—12.00 (9.00) = 2.21 =
FJAT-45152 Bacillus clausii 99.76 KX767133  7.00—-13.00 3.14 1.81 =
(10.00-11.00)
FIAT-44612 Bacillus frigoritolerans 99.86 KX767096  7.00—12.00 (8.00) 2.72 1.49 =
FJAT-45169 Bacillus halodurans 99.72 KX767150 6.00—13.00 2.61 1.55 =
(9.00—10.00)
FIAT-44617 Bacillus idriensis 99.79 KX767101  7.00—12.00 (10.00) 2.44 2.69 10.64
FJAT-45139 Bacillus licheniformis 99.72 KX767120 5.00—12.00 2.18 2.70 =
(9.00—-10.00)
FJAT-44618 Bacillus mycoides 100.00 KX767102 5.00—13.00 (8.00) 1.48 2.99 3.15
FJAT-45143 Bacillus oceanisediminis 99.64 KX767124  7.00—12.00 2.11 1.64 =
(8.00-9.00)
FJAT-45137 Bacillus polygoni 97.34 KX767118  7.00-13.00 (9.00) = 2.99 =
FIAT-45127 Bacillus pumilus 99.79 KX767108  5.00—13.00 (10.00) 4.29 = =
FJAT-45135 Bacillus pumilus 99.65 KX767116  5.00—12.00 3.06 = =
(8.00—10.00)
FJAT-45162 Bacillus pumilus 99.86 KX767143  5.00—13.00 2.67 = =
(8.00-9.00)
FJAT-45172 Bacillus pumilus 99.86 KX767153  6.00—12.00 1.53 = =
(9.00-10.00)
FJAT-45146 Bacillus siralis 99.86 KX767127 7.00—12.00 = = =
(10.00—11.00)
FJAT-45171 Gracilibacillus 99.08 KX767152  8.00—12.00 (10.00) = 3.17 =
thailandensis
FIAT-44687 Halobacillus litoralis 99.09 KX767106  7.00—13.00 (9.00) 3.35 8.04 3.48
FIAT-45167 Jeotgalibacillus 99.29 KX767148  9.00-13.00 (11.00) 5.23 5.08 =
campisalis
FJAT-45168 Jeotgalibacillus 98.87 KX767149  9.00—13.00 (11.00) 6.58 10.12 =
campisalis
FIAT-44620 Paenibacillus 99.43 KX767104 5.00—12.00 (9.00) 4.40 9.99 2.71
amylolyticus
FJAT-45134 Paenibacillus 99.30 KX767115  7.00—12.00 4.06 2.51 =
amylolyticus (9.00-10.00)
FIAT-45160 Paenibacillus 99.37 KX767141 5.00—12.00 (8.00) 4.02 8.75 =
amylolyticus
FJAT-45175 Paenibacillus lautus 99.20 KX767156  6.00—12.00 = = =
(8.00-9.00)
FIAT-45176 Paenibacillus pinisoli 98.54 KX767157  7.00—13.00 (9.00) = 1.23 =
FJAT-45136 Paenibacillus 99.93 KX767117  7.00—12.00 (10.00) = 6.53 =
provencensis
FIAT-44615 Paenibacillus terrigena 98.87 KX767099 6.00—11.00 = 2.82 3.61
(8.00-9.00)
FJAT-45145 Paenibacillus tundrae 99.30 KX767126  7.00—12.00 (9.00) 2.94 6.61 =
FJAT-45170 Paenibacillus tundrae 99.23 KX767151  7.00—12.00 (9.00) 3.14 8.35 =
FJAT-45166 Psychrobacillus 99.89 KX767147  7.00—12.00 (9.00) = = =
psychrodurans

Note: —: No enzyme activity.
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63 Bacillus pumilus FIAT-45172 (KX767153)

Bacillus pumilus FIAT-45127 (KX767108)
Bacillus pumilus ATCC 7061" (ABRX01000007)
Bacillus pumilus FIAT-45162 (KX767143)

Bacillus aerophilus 28K" (AJ831844)
88! Bacillus aerophilus FIAT-45150 (KX767131)

91 Bacillus licheniformis ATCC 14580" (AE017333)
100" Bacillus licheniformis FIAT-45139 (KX767120)
Bacillus idriensis SMC 4352-2" (AY904033)
41()()|Bacillus idriensis FIAT-44617 (KX767101)
98 - Bacillus oceanisediminis H2" (GQ292772)
Bacillus oceanisediminis FIAT-45143 (KX767124)
100 Bacillus circulans ATCC 4513" (AY724690) I
79 Bacillus circulans FIAT-45131 (KX767112)
89 Bacillus siralis 1715447 (AF071856)
100 Bacillus siralis FYAT-45146 (KX767127)
100 Bacillus fiigoritolerans DSM 8801" (AM747813)
Bacillus frigoritolerans FIAT-44612 (KX767096)
100 | Bacillus mycoides DSM 2048" (ACMU01000002)
| Bacillus mycoides FIAT-44618 (KX767102)
95 100,Psychrobacillus psychrodurans FIAT-45166 (KX767147)
52 L Psychrobacillus psychrodurans DSM 11713 (AJ277984)
59 Jeotgalibacillus campisalis SF-57" (JXRR01000019)
—l()OEJ:otgalibacillus campisalis FIAT-45167 (KX767148)
93 “—Jeotgalibacillus campisalis FIAT-45168 (KX767149)
4]00L— Halobacillus litoralis FIAT-44687 (KX767106)
Halobacillus litoralis SL-4" (X94558)
94 r— Gracilibacillus thailandensis FIAT-45171 (KX767152)
100Y= Gracilibacillus thailandensis TP2-8" (FJ182214)
I_— Bacillus polygoni YN-1T (AB292819)
100Y— Bacillus polygoni FIAT-45137 (KX767118)
1007 Bacillus clausii DSM 8716" (X76440)
Bacillus clausii FIAT-45152 (KX767133) I
75 Bacillus halodurans ATCC 27557" (AB021187)
100! Bacillus halodurans FIAT-45169 (KX767150)
100 Paenibacillus terrigena FIAT-44615 (KX767099) \
44| L Paenibacillus terrigena A35" (AB248087)
Paenibacillus lautus FIAT-45175 (KX767156)
100Y— Paenibacillus lautus NRRL NRS-666" (D78473)
100[ Paenibacillus provencensis FIAT-45136 (KX767117)
Paenibacillus provencensis 4401170" (EF212893)
Paenibacillus pinisoli FIAT-45176 (KX767157)
100 Paenibacillus pinisoli NBST (KC415175) > 1\Y%
76 Paenibacillus amylolyticus FIAT-45134 (KX767115)
Paenibacillus amylolyticus NRRL NRS-290" (D85396)
99 Paenibacillus tundrae FIAT-45170 (KX767151)
86| |' Paenibacillus tundrae A10b" (EU558284)
66| r Paenibacillus amylolyticus FIAT-44620 (KX767104)

Paenibacillus tundrae FIAT-45145 (KX767126)
'70 o ' I Paenibacillus amylolyticus FIAT-45160 (KX767141) J

Bacillus pumilus FIAT-45135 (KX767116) \

99

11

100 54

El1 AAAENEREN 29 KREERNRELERM
Figure 1 Phylogenetic tree of 29 representative strains of alkaliphilic Bacillus species isolated from Kekexili based on
16S rRNA gene sequences
Bootstrap  ( )(1 000 ) >50%
0.01

Note: GenBank accession numbers were given in parentheses. Braces represent categories. Numbers at each branch point indicate the percentage

supported by bootstrap values based on 1 000 replications. Bootstrap values>50% are shown at branching points. The scale bar 0.01 indicates per
nucleotide position.
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Table 3 The content distribution of alkalophilic Bacillus species in different habitats

Sequence Chinese name Scientific name Wil3derness L3ichen Gra;ssroots
name (x10° CFU/g) (x10° CFU/g) (x10° CFU/g)
1 Bacillus aerophilus 0 0 0.04
2 Bacillus circulans 0 0 0.01
3 Bacillus clausii 0 0 0.01
4 Bacillus frigoritolerans 23.71 0 0
5 Bacillus halodurans 0 0 0.01
6 Bacillus idriensis 1.17 0 0
7 Bacillus licheniformis 0 0.31 0
8 Bacillus mycoides 0.30 0 0
9 Bacillus oceanisediminis 0 0 0.01
10 Bacillus polygoni 0 0.02 0
11 Bacillus pumilus 0 0.02 21.60
12 Bacillus siralis 0 0 7.20
13 Gracilibacillus thailandensis 0 0 0.02
14 Halobacillus litoralis 0.05 0 0
15 Jeotgalibacillus campisalis 0 0 0.05
16 Paenibacillus amylolyticus 0.40 0 0.12
17 Paenibacillus lautus 0 0 0.01
18 Paenibacillus pinisoli 0 0 0.02
19 Paenibacillus provencensis 0 0.01 0
20 Paenibacillus terrigena 0.70 0 0
21 Paenibacillus tundrae 0 0 2.01
22 Psychrobacillus psychrodurans 0 0 0.30
0

Note: 0: Non separation.
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Figure 2 Dendrogram of habitat types of the soil samples
from Kekexili
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Figure 3 Dendrogram of alkalophilic Bacillus species in the soil samples from Kekexili
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4 FEAMEEE
Figure 4 Protease-producing activity

Bl 5 FagRigEtE

Figure 5 Cellulase-producing activity

6 FEARRYEEETEIEE

Figure 6 Xylanase-producing activity
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