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Fig.1 Map of sampling points in black gobi of the Hexi Corridor
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I R 5% 5% L F AR e FH R,A R LB 85 37 2 . R,A
[P A3 5 L WEBR D 0.5 g, AR IR 0.5 g, B AR 1A
FFR 0.5 g, MZEIHE0.5 g, AT TETER 0.5 ¢, BEfR A —
B 0.5 g, EKFEREE 0.5 g, NERFR AN 0.5 g, Bl
15 g, 1 LZEMRK , pHAE 7.2 HBE R A 40 ol iR —
ST ), 121 °CK 4 20 min, LB [E/ARRE 55 55 .
EAE 10 g, BEREREUY) 5 o, S AkEN 10 g, Bilig 15
g, 1 LZ&IE/K, 121 °CK 4 20 min,

A B R B R R, A VR AR S5 3R 5 Iic 7 [A] R,A

FEASRAFE ST RAMLIE I S A FAT 7 s A TR R A
7 15 18] B >200 mo B 18] B - B3 1 O B AT ek
T %S, W2 R HE 2R 50 em, J5 I TCE A UK
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I EKE (SWO)RHIMETEMNIE (105 °C,8 h).
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PRBEHEIAE |, HFLAR K 2 mm B3 72 g A9 XL
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¥ 30 min, %% 10 min, Z J5 1] pH il & 1% (PT-
10, sartorius) M| & + 3 pH, H i 5§ F (Y (DDSI-
308A) il 2 L 3% (EC) Mk B . kA R -
FE i AR T BRI T
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ARG T U BE o
1.3.2 EFFE

R A T Bk RIBE At 2 A P
VR SR R R TE T AR T, 1 g AR,
A 9 mL Jo i A= #EL K, IR 2 4% 72433k 1% 5 min,
#E 10 min 5 B 1 mLANA 9 mL JCHE A= B3R
KA AT 107 FR BV, M 107 s BV TR 1 mL
9 mL TG A B KR R 107 BV TR, B R 31K,
BAAAE107 107,107,107, 107 2 5 /4> 1 B8 B 5 114
TR, B3R E 23 51 100 WL YA 34 A 76 3 1
REFR RO b, BT 25 CCRE 340 i 97 7~15 d.
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JE B BRI, TR BE 43 S 100 WL ¥ WROR AT 7
RS FREAAR L, BT 25 °CIE %48 1R 7~15 d.
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FH ROA T A B 57 005 22 07 10 1 1 o A PR B T
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JE B 100 wmL 31 [ 4455 35 3P AR B E AT i A, BUR
HE S35t 4 107 BTk 100 pomL 3% 7 3] [ 1 855 35 -4l
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BT RAR A R
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T Y 2 Jo 2 X BE AN [ - 48 B A DR R R AN [R]
(H2), TP &R SRR R >

kA BB >0 A A F ERHE . W2 &K
TR 11.45 %, & m THRA R 1-(2.27 %) Mk A A
T4(1.02%) . WZEL FHHEFEEN5.02 mS-em™,
SE R A E B AP Y S %2 (2,73 mSrem™) #Y 1.83
¥ 2R A4 R 1(2.00 mS-em™) Ay 2.51 1%, 3%
5 B s R 2 <R A RIBR <8R A A T 1,
RJZ T Sk & i B AT OkA A kA ] B
T BRAA T A YRS T E & TR R P
FR)Z L, 85 A7 [RIB 1= AR 2 8 LA 5 4220 HL
T EES . BAWKE 0.03%~0.11%, K2 1
MAMESERTHRAA T EMBRa L, $15
13k B 0.08%~0.34%, pH {H 8.22~8.64 , {H 2 A [F] K
mn ) JC i 22 5 . BRALME R A AN [A) e B T 2R e R
A B R B

22 BREFBEWEFARNES HEHE
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T+ BRA AT L BRA R RS A v ]
1557 240 R £ (CFU) - $44E 43 1] )2 2.33%10%,9.00%
10°.3.50x10°,2.93x10° (& 3).,

2.3 BB IERIE SR EAFAMN

T LM T BE MRS T AR TR S 25 R AR 198
W B i 2 16S rRNA K& K & K 41) E 34
B ZAAFH] 118 BREAR, 208 T 4111 il T (Ac-
tinobacteria) . J2-B¥ I8 [ ] (Firmicutes) .22 JE B ] (Pro-
teobacteria ) 1.5 BK I — i #4 ] ( Deinococcus—Ther-
mus) o H TR T TRERE 1T LT, 3
ANFE RTG53 1K 64.06% F126.56% . 45.41%
144.95% .67.46% F118.21%(F 1)

118 BRF R 77 J8 T 32 1@ « 1 KT & (Agro-
coccus) . Arsenicicoccus . 17 2l 1# J& (Arthrobacter) .
Auraticoccus . Amycolatopsis | [5| B N2 1 J& (Azospiril-
lum) . {07 5 )& (Bacillus) . Belnapia . % 3R # )&
(Blastococcus) . %5 I 5. il 18 J& (Brevundimonas) .
Candidimonas . 55.1% IS H J& ( Crossiella) . 5 BK#H &
(Deinococcus) 7 1% J& (Enterobacter) \ W 3K 15 J&
(Enterococcus) PN 1 # # J& (Janibacter) . 542 &
(Herbaspirillum) . 3 BR 7 J& (Kineococcus) .75 . [
& (Kocuria) A FLJE N R & (Lechevalieria) |
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Fig.2 Physical and chemical properties of soil in black gobi of the Hexi Corridor
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Fig.3 Distribution characteristics of soil culturable bacteria
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um) Microvirga . % F= ¥ 1 J& (Modestobacter) 2%
L FF TR & (Paenibacillus) A 510 1 J& (Pseudomo-
nas) B K H & (Pseudonocardia) FUIH PR i 7
J& (Roseomonas) K 2218 J& (Saccharothrix) % Bk

W J& (Staphylococcus) . 4% B W J& (Streptomyces) .
HZEAfrwE s wE 25w s, 75 g d
AN B 4351 20.88% F1131.81% (& 4)

T VG JAR R T BE O [ A B A 1 v T 3 SR A
Gy A A it S [, rb B R R N 2SR 1R R P
WE  IEANFASE )2 A . B8 W R iR A
R B AR b BRI B AR A
Xof A2 43 51 M 32.26% . 41.03% . 20.20% F1 28.75%,
A A N BBz, FHATEE RO L
BT ol 1 T T N ol N 1215 w1 RN = O (DO
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WA PR o A s Rz (K 4) .

BT AR, A TORREFE 16S rRNAJER 1 Hoxt
FHUEES<O 7%, VAR FIGER , e R 1 50k, 2B TP
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WFZE X n] 55 72 20 Shannon 2 RE 145 55 PR
TN )2 L >BR A R B >8R A 4 F B>k Bk
Il 1 ; Simpson Z A M 45 B 2 BURRAE O - IR 2 £ <0k
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Table 1 Culturable bacteria strains isolated from soil in black gobi of the Hexi Corridor

I & hi' HILE bR Bk *HM J& 4 MBI bR Bk )H:]M
JiE1% JE1%
Actinobacteria  Agrococcus ST2LB-2 A. citreus ZBGKL11 KJ734880 99.71 Streptomyces ST2SX-8 S. africanus E3SQ MH472998  98.80
ST1-1-2-2 A. jenensis DW414 KR856324  97.32 ST1-1-2-5 S. cacaoi Ru87 KY818662  97.87
ST3-6 A. jenensis Y25 MK721042  99.34 ST3-3-2-5 S. capoamus JCM 4734 NR_040856  99.56
ST3-4 A. jenensis Y14 MK721034  99.26 ST3-3-2-6-1 S. chryseus HBUM 174847 EU841613 9751
ST3-3 A. terreus BT116 MH934923  99.85 ST2-S1 S. coeruleoaurantiacus K7 KR023963  99.85
Amycolatopsis ST3-18 A. nigrescens CSC17Ta-90 NR_043880 97.93 ST1-1-1-13 S. coeruleofuscus MR-18 KY753217  99.85
Arsenicicoccus  ST1-1-1-17-1 A. bolidensis CCUG 47306 NR_025598  99.93 STISX-8 S. glaucescens NRRL B-2706 NR_115773  99.93
Arthrobacter ST3-16 A. agilis IHBB 11164 KR085842  99.01 STISX-14 S. gobitricini LMG 19910 AJ781335  100.00
ST3-15 A. agilis T1/11 KMO036066  99.71 ST3-2-1-10-2 S. lavendulocolor NBRC 12881 NR_112317  99.93
ST1-1-2-7 A. crystallopoietes MR-15 KY753214  99.93 ST3B1 S. litmocidini HBUM175011 FJ486428  98.65
Auraticoccus ST3-10 A. monumenti AL12 KU258209  98.17 STI-1-2-4 S. lunaelactis 244-HNR7 MF077012  99.11
ST3-2 A. monumenti MON 2.2 LT629688  99.55 ST3-24-1-1 S. lunaelactis MM 109 CP026304  99.12
ST3-21 A. sp. R-68201 KY386505 95.24 ST1-1-2-3 S. lunaelactis MMun143 MGI80181  99.19
ST3-22 A. monumenti AL12 KU258209  94.31 ST3-2-1-1-2-1 S. misionensis 12-4 KI571074  99.49
Blastococcus STI-1-1-16 B. aggregatus 1P10AnA EU977831 99.63 ST3-2-1-8-1 S. misionensis cfcc3147 F1792563  99.63
ST3-5-2 B. capsensis R9 MK696404  99.63 ST1-1-2-10-1 S. palmae CMU-AB199 LC413945  98.02
ST3-24-1-3 B. capsensis RQ2 MK696394  99.09 ST1-1-2-10 S. palmae CMU-AB204 NR_152026  97.47
ST2B4 B. endophyticus YIM 68236 NR_108608  99.32 ST2SB-6 S. piloviolofuscus 174468 EU593715  97.66
ST3-12-1 B. saxobsidens DD2 FO117623  99.78 ST3-2-2-2 S. pulveraceus MR-27 KY753226  96.65
ST3-24 B. saxobsidens BC444 NR_117019  99.33 ST3-3-2-6 S. sp. Z594b MN371360  97.72
ST2SX-1 B. saxobsidens BC448 NR_025482  99.64 ST2S8X-5-2 S. rimosus PSK5-20B MN421096  96.81
Crossiella ST3SX-11 C. equi NRRL B-24104 NR_025088  99.18 ST1-3-2-2 S. sioyaensis W24 KP718602  99.12
Janibacter ST1-1-2-11 J. terrae CS12 NR_036868  99.85 ST3-2-1-9-1 S. spinoverrucosus 173372 EU570683  98.89
Kineococcus ST2SS-1 K. radiotolerans SRS30216 NR 074542 99.00 ST3-12 S. spinoverrucosus 174464 EU593714  99.05
Kocuria STI-1-1-24-2 K. gwangalliensis SJ2 NR_116266  99.93 ST28X7 S. spinoverrucosus NBRC 14228 NR_041159  97.81
ST3-24-1-2 K. indica SJU27 MN511772 99.86 ST3SX-4 S. spinoverrucosus Ng2-6 MK519101  98.62
ST2LB-1 K. rosea 5 KF923415  99.78 ST1-1-2-9 S. sp. NO8 KC200022  100.00
Lechevalieria ~ ST1SX-6-2 L. atacamensis 41-HR6 MF077035  99.46 ST2-5 S. xinghaiensis S15077 MG563223  99.78
ST2SX-6 L. atacamensis C61 NR_116354  95.81 Saccharothrix ST2B-10-4 S. lopnurensis YIM LPA2h NR_145947  98.62
ST1SX-10 L. xinjiangensis R24 NR_044009  99.26 ST3-3-1 S. yanglingensis Hhs.015 NR_117283  99.55
Microbacterium ~ ST2LB-3 M. kitamiense kitami C2 NR_112042  99.71 Modestobacter ST3-14 M. caceresii KNN 45-2b NR_137398  99.56
ST3-6 M. oxydans 4-46-1-1-1 MK425667  99.85 ST3-1-1-13 M. marinus BC501 F0O203431  99.93
Pseudonocardia ST1SX-2 P. hierapolitana PM2084 NR 126236  99.26
Deinococcus-  Deinococcus ST1SX-4 D. sp. 4B4 EU029131 97.07
Thermus STI1-1-1-9 D. sp. 4B6 EU029132  99.83
Firmicutes Bacillus STI-1-1-24-1 B. amyloliquefaciens HX2016004 MN176577  100.00 Bacillus STISX-3 B. atrophaeus XAAS xj4 MNI187264  99.86
STI1-1-1-17 B. amyloliquefaciens KB-82 KM269197  100.00 ST2SX-3 B. atrophaeus Y27 MK721044  100.00
ST2SS3-1 B. atrophaeus HAB_5 MK310269  99.93 ST1-1-1-9 B. cereus LH8 KC248215  99.93
ST1-1SX-3 B. atrophaeus MER_TA_30 KT719435  99.93 ST2-19-2 B. cereus st2 MF102134  99.93
ST1-1-1-17-2 B. licheniformis D69 KU922147  99.86 ST1-1-2-6 B. foraminis CD5 MK216757  99.64
ST2-19-1 B. mojavensis h MG839268  100.00 ST3-1-1-3-1 B. halotolerans FIAT-45391 KY849471  100.00
STISX8-1 B. paramycoides OOF5 MH542275  99.86 ST2-26 B. subtilis GuanMX MN473282  100.00
STI-1-2-13 B. pumilus D51 JX293284  99.93 ST3-2 B. subtilis PSBnRS MH257752  100.00
STISX-5 B. safensis MDLS MN493773.1  100.00 ST1-1-1-20 B. subtilis SkO1A MH210872  99.79
ST3-27 B. safensis YZ1709B01 MK748241.1  99.79 ST3-5 B. tequilensis 6MS1 MK713704  97.32
ST2-29 B. simplex ZLynn1000-56 KY316470  99.57 STI-1-2-1 B. vallismortis 70.LE.1 MN149347  99.93
ST3SS4-1 B. subtilis 2/30 MN435586  100.00 ST2B8 B. vallismortis Y MG839261  98.57
ST3-2-2-12 B. velezensis N8 KX588164  100.00
Paenibacillus ST2-28 P. harenae NJY-3 MF101120  95.90 Enterococcus ST3-2-1-9-3 E. sp. 79w3 AB675140  94.50
ST3-24-2 P. polymyxa RCP6 GU369972  99.63 Staphylococcus ST2SS2-1 S.saprophyticus subsp.saprophyticus zzx27 KJ009395  99.51
Proteobacteria  Azospirillum ST3SX-5 A. palatum ww10 EU747318  94.87 Massilia ST3-20 M. varians 66-LR14-2 MF077216  99.48
ST2SX5-1 A. sp. NCCP-699 LC193946  96.99 Methylorubrum ST2SX-5-1 M. pseudosasae IMB16-188 MG190781  100.00
Belnapia ST1SX-20 B. moabensis CP2C NR_042371  99.20 Microvirga ST3-2-1-6 M. aerilata KBL26 MG576179  98.19
ST3-2-1-11 B. rosea CPCC 100156 NR_109297  99.85 ST3-2-1 M. aerilata NBRC 106137 NR_114298 100.00
Brevundimonas ST2-2 B. diminuta 264AG7 KF836539  99.78 ST3-13 M. ossetica V5/5K KX576554  98.36
ST2-10 B. diminuta HMS9 MK696984  99.92 ST3-2-1-10 M. sp. R491-7 KX444133  98.89
ST3SS-7 B. naejangsanensis 583 KM374767  99.69 Pseudomonas ST2SS3-2 P. fluorescens psfl4 MN256400  99.58
ST3-27-2 B. vesicularis CX-89 MH368406  99.70 ST3-2-3-12-1-1 P. putida YP2 KP313537  100.00
Candidimonas ~ ST1-3-2-5 C. bauzanensis BZ59 NR_108569  98.23 ST1-1-2-2-1 P. stutzeri SYJ1-8 KR262851  99.57
Enterobacter ~ STISX-6-1  E. hormaechei SCEH020042 chromosome ~ CP028538  99.71 Roseomonas ST3-1-1-14 R. oryzae JC288 NR_137403  98.34
Herbaspirillum ~ ST3-2-1-12 H. sp. INM-18 JQ608328 97.76  Stenotrophomonas ST3-3-1-2 S. rhizophila EGE-B-6 KP050794  99.71
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Distribution characteristics and anti-radiation activity of culturable
bacteria in black gobi ecosystem of the Hexi Corridor
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Abstract: The black gobi region has been occupied by extreme environmental conditions such as drought and
strong radiation. Unfortunately, the area is almost negligible for human activities and biological research. There-
fore, particular studies are required that cover microbial distribution characteristics of the black gobi ecosystem
together valuable information. In the current study, the culturable method was used to analyse different types of
soil in the Hexi Corridor. The results showed that the number of culturable bacteria in the study area was 2. 3%
10%-1. 49x10° CFU-g"soil, where the differences in culturable bacteria of different types of soil were obviously
varied. The culturable bacteria were mainly enriched in the subsoil habitat, which indicated that the gravel in the
Black Gobi provided an ideal colonization site for microorganisms. Furthermore, the statistical analysis showed
that soil organic carbon was the main influencing factor on the bacteria number. About, 118 different bacterial
strains were obtained through 16S rRNA gene sequencing. The strains were mainly classified into Actinobacte-
ria, Firmicutes, Proteobacteria, and Deinococcus-Thermus, respectively. The Actinobacteria and Firmicutes
were the dominant phyla, and Bacillus and Streptomyces were the dominant genera. Ten bacterial strains were
found to be the potential new species. Among the higher anti-radiation activity screening, seven strains had
shown higher activity than positive control of Deinococcus radiodurans. This study expanded the source of desir-
able strains and their further screening of active substances resistant to radiation.

Key words: black gobi; microorganism; culturable bacteria; antiradiation



