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Diversity and ability of resistance to ultraviolet radiation of
culturable lithophilous bacteria on the north slope of Mount Everest
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Abstract: [Background] The Mount Everest area has extreme environmental conditions such as cold, low
temperature and high doses of radiation. There is no report on the study of lithophilous microorganisms on
the northern slope of Mount Everest. [Objective] To carry out research on the lithophilous microorganisms
on the north slope of Mount Everest, clarify the diversity of culturable bacteria from the lithophilous
habitat on the northern slope of Mount Everest, and develop resources of anti-ultraviolet radiation strains
on the northern slope of Mount Everest. [Methods] The culturable method, 16S rRNA gene sequence
analysis method and ultraviolet radiation were used to study the diversity of culturable lithophilous
bacteria on the northern slope of Mount Everest and the ability of resistance to ultraviolet radiation.
[Results] A total of 52 lithophilous bacteria were isolated from the lithophilous habitat on the north slope
of Mount Everest, which were classified as Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes.
Actinobacteria and Proteobacteria are the dominant bacteria phyla, Sphingomonas, Arthrobacter, and
Streptomyces are the dominant bacterial genera, two strains are potential new species. Two strains with
higher resistance to ultraviolet radiation were selected from the isolated and identified strains, namely
Bacillus ZFBP4009 and Streptomyces ZFBP1009. [Conclusion] The lithophilous environment on the north
slope of Mount Everest contains rich diversity of lithophilous bacteria, and the isolated strains have
outstanding the ability of resistance to ultraviolet radiation, which provides data support and strain
resources for revealing the distribution characteristics of microorganisms in related extreme environments
and the development of extreme environment microbial resources.

Keywords: north slope of Mount Everest, culturable lithophilous bacteria, diversity, resistance to
ultraviolet radiation
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Figure 1 Schematic diagram of lithophilous microorganisms
W A: A M4; B: ABAE

Note: A: Hypolithic; B: Chasmoendolithic
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Figure 2 Phylogenetic tree of culturable lithophilous bacteria based on 16S rRNA gene sequences
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Note: Phylogenetic trees were constructed by Maximum Likelihood method, A: Actinobacteria; B: Proteobacteria; C: Firmicutes and
Bacteroidetes. The bootstrap values (expressed as percentages of 1 000 replications) are shown at branch nodes; The scale represents the

coefficient of genetic variation; Numbers in parenthese represent the accession number of the sequence in GenBank. 1: Chasmoendolithic sample
1; 2: Chasmoendolithic sample 2; 3: Hypolithic sample 3; Hypolithic sample 4; + represents the distribution of the same strain in 4 samples

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PSR BRAE R F e ST B3 0 A A 1 2 ek S S8 SN R RE ) 1913

FEEAKFE L, WE 33BN, fkRA Rt
H14NE, WIBPREE . 85 Wb E AR
B RRTE A B2 A 5 rp S i3, B TR 3R ,
YRS, 5 R4 BRI ERSR A B A RIbK s A R AEAE
BT 17 A8, AN AT AR LA [CHF P
AR . B R R VAT RS 0 T R
F, AR ISR A AR, 2 AR
T, RIEEFR A A AR TG A T IR 2 R K
SRR A T AR S T A B A AT
2.3 RIS TS FFABRAE M5 % EFFh
FE

FEFTA O WMk, B AR T R L
25 Bk, WK 6 338 m AT 14 £k, WBIK 5161 m it

A 1k LENACE B, W 4A R, 1846 338 m
ABRARERKRSIET 3 A1), 2RI ET]. )R
BEGE T TFER T, AT & wi, Eh
7RO B RE s MR S 161 m A BRAE R BT
2T, RS IR TAT ], e 1R
LW, A9 MRaBRATREK.

fEf@/KF- b, i 4B BisR, 84K 6 338 m A
BRAEWHKILESE 11 Mg, 250 HEREE
(Agrococcus). TTFFE & (Arthrobacter) . WEE:H )&
(Glaciihabitans). V547 )& (Labedella). JeBRHF
J&(Spelacicoccus) . 5557 J& (Streptomyces) . i
W& (Bacillus) . WitT# )& (Caulobacter), 53¢
W& (Massilia) . 12 J& (Pantoea) FIH fig A fd &

A 301
)5k [ W Bacteroidetes
Firmicutes
Proteobacteria
W Actinobacteria

Species richness
—_ — e
[« W [

T T T

W
T

Chasmoendolithic Hypolithic

30
257 me—— .

200 —

Species richness
9
T

B Salinibacterium

Chasmoendolithic Hypolithic

3 FESEEEFALEHENIMNER

Paeniglutamicibacter

Clavibacter Planococcus

Massilia Rhodococcus
Caulobacter Pseudomonas
Conyzicola Pseudarthrobacter
B Pantoea I Pedobacter
Agrococcus B Paracoccus
Glaciihabitans B Paenibacillus
Bacillus Bl Paenarthrobacter
Labedella I Microbacterium
Spelaeicoccus B Kocuria
Arthrobacter I Exiguobacterium
Sphingomonas Chryseomicrobium
Streptomyces Brevundimonas

Figure 3 Species richness of culturable lithophilous bacteria in different habitats
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Note: A: Phyla level; B: Genus level
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Figure 4 Species richness of culturable chasmoendolithic bacteria at different elevations
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ZFBP1009 Streptomyces candidus
ZFBP4009 Bacillus megaterium
ZFBP3037 Kocuria rosea

ZFBP4036 Arthrobacter ruber

ZFBP1004 Arthrobacter ruber

ZFBP1006 Streptomyces huasconensis
ZFBP3030 Bacillus cereus

ZFBP2054 Clavibacter michiganensis
ZFBP3012 Paenibacillus amylolyticus
ZFBP2012 Streptomyces avidinii
Deinocccus radiodurans

ZFBP2062 Conyzicola nivalis

ZFBP1053 Sphingomonas faeni
ZF¥BP1022 Glaciihabitans arcticus
ZFBP4028 Exiguobacterium antarcticum
ZFBP2050 Arthrobacter citreus
ZF¥BP2034 Sphingomonas gilva
ZFBP1001 Sphingomonas arantia
ZFBP3041 Pseudoduganella violaceinigra
ZFBP1021 Caulobacter henricii
ZFBP2030 Sphingomonas alpina
ZFBP4041 Planomicrobium koreense
ZFBP1059 Massilia violaceinigra
ZFBP3017 Paenarthrobacter aurescens
ZFBP3004 Pedobacter mendelii
ZFBP3009 Microbacterium phyllosphaerae
ZFBP1041 Labedella endophytica
ZFBP3021 Brevundimonas diminuta
ZFBP3035 Rhodococcus qingshengiiinuta
ZFBP4026 Paeniglutamicibacter antarcticus
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Figure 6 Survival rate of anti-ultraviolet radiation of partial cultivable lithophilous strains on the north slope of

Mount Everest
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