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Fig.1 Sample sites at Dalangtan playa
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(a)—Evaporate crust; (b)—salt crystal in salt lake; (c)—deposits of cross sections
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AN e o 151 = - @/ 17 B R 1 e s
(2524 1) 600 pl, il # 10min, B> (12000 r/min,
4°C, 10min) , F BB R 08, I
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r/min, 4°C, 10min) . $ [ & W 5% 8 20 5 1 5 0 8
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1.4 FENF

WA P S UL 5 20 BE OB 16S rRNA JE B R B
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Fig. 2 The morphology of colonies and microscope shape of halophiles
(a)—DL-S2-4; (b)—DLT-10-2-1; (¢)—DL-S2-4, 4 F-HKk/h 2. 7um 5 (d)—DLT-10-5, 4TI/ 3. 3um
(a)—DL-S-2-4; (b)—DLT-10-2-1; (¢)—DL-S-2-4, bacteria average size is 2. 7um; (d)—DLT-10-5, bacteria average size is 3. 3um
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MA S #:530F: GTGCCAGCMGCCGCGGTAA,
1492R: TACGGYTACCTTGTTACGACTT X}
16S rRNA FEH 478 88, PR % H.94°C for 5
min; 30 cycles of 94°C for 30 sec, 55°C for 30 sec,
72°C for 30 sec, and 72°C forl0 min, ¥ ¥ =¥ 7E
L2 Yo BB W LUK 43 B L 50 AN BE I LS R e A, 4%
REHL 1 kb KPR EER T 16S rRNA JE A B I 9
B (A 5o FFHI TR,y BB IR g R T
WAk 0 oig i W Virgibacillus, Oceanobacillus,
Halobacillus, and Terribacillu BE. A5 % = W [a) IR 24
(K 6.
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Fig.3 The SEM image for rod halo-bacteria Fig. 4 The elements composition of bio-signature

in evaporite sample by SEM EDAX
AIBIEFT S X 78 K ERFE b P AR DR AR R AT LSS . 4

RO FRAKH A BT LSRR "
25 9 FF0R 0 46 b2 36 1 7 — 25 1 il EDAX nhe
Sk LA W A AT R AT T A AT (L 4D T VA 2 R R T U A7 T B 26 P SR

C.O &8 m . HA E Y RRIE .

B 5 PCRP=HIM 1. 2% B b e ko il 1 3%
Fig. 5 PCR products were checked on 1. 2% agarose gel
Pk M:100bp B BEARIC s Wkl 1-9: 1—DLT-10-1; 2—DLT-10-2-1; 3—DLT-10-2-2; 4—DLT-10-2-3; 5—DLT-10-2-6;
6—DP-3-3; 7—DL-S-2-4; 8 DLT-10-5; 9—DL-S-2-6
Lane:M. 100bp ladder marker. Lane 1-9; 1-—DLT-10-1; 2—DLT-10-2-1; 3—DLT-10-2-2; 4—DLT-10-2-3; 5 DLT-10-2-6;
6—DP-3-3; 7—DL-S-2-4; 8—DLT-10-5; 9—DL-S-2-6
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PR IX 38 B, b an A A A (Friedmann et al. ,
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(Chroococcidiopsis) Fl— 36 55 35 A W 4H 5, & 14
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al. ,2006; Warren-Rhodes et al. , 2006; Hughes et

al. » 2003; Dong,et al. ,2007),

— Virgibacillus sp. AW7
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Oceanobacillus sp. E7
—DP-3-3
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— Virgibacillus siamensis
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— Terribacillus halophilus

DL-S-2-4

Halobacillus sp. ISM07

DLT-10-2-6

—DLT-10-1
]'—S!r'e,r)mm‘l’{-e.v sp. HBUM49432

I—A cinetobacter sp. SY23

I—DLT*]()*Z*E
K 6 H:T 16S rRNA 5 GenBank %t A JF [7] J5
P BLAST Wxf @ R M R R B
Fig. 6 Phylogenetic relationships of halophiles isolated
in this reports with the homology bacteria BLAST search

in based on the 16S rRNA gene partial sequences
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RUIN A E SR AR TR N . IR MEER 1 728 R 4
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AT 3 B R R TR X A s P A5 ) AL o AT TR A
AIBIE 5T o

4 gEie

TR M R 0 B TR R A b A AR L R TR
[ 565 PO 40 A Sk T 52 gk o0 G 4R 45 .1998) . HAy
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1666 Moo

E 2010 4

1989) . FRATIZE K #h 2 058 R I 245 i £k DL )
T UAR ER R A A b 3 B V3G FR I T Virgibacillus,
Oceanobacillus, Halobacillus #1 Terribacillus &4~
[Fi) 28 4 1) g 6 T, 3 WD 7 00 O A i B 58 2% 4R R A 2R
ATIRAFAE . IR REER ] XS TF i ok B R #h BB T
A AT R R B R S50 97

Bt R AR B L AEA B A T T RIS
Fr 58 R R R

2 % x #

FLILAY . E TR FRLEFFR/NE. 2007, T4 JHEH 3 40 4 1k 4 X PR =
T B BR 119 23 B9 BCRFAE AT 9T b B 4k . 81(12) : 1750~1753.

B L IR BRI, B, 25 2002, F E ER WA db 50 B AE R
.

HARF-, BT X B, 1998, 55 DU 42 Fh M DT AR5 M. o U 42
T, (4):298~307.

A 1 L BB R H T, 1989, i R AR ). bt b U R 22 B
A AL

Arvidson R E, Poulet F, Bibring J P, Wolff M, Gendrin A, Morris
R V, Freeman J J, Langevin Y, Mangold N, Bellucci G. 2005.
Spectral Reflectance and Morphologic Correlations in Eastern
Terra Meridiani Mars. Science, 307: 1591 ~1593.

Barbieri R N, Stivaletta L., Marinangeli Ori G G. 2006. Microbial
signatures in sabkha evaporite deposits of chott el Gharsa
(Tunisia) and their astrobiological implications. Planet Space
Sci. 54; 726~736.

Bibring J P, Langevin Y, Gendrin A, Gondet B, Poulet F, Berth
M, Soufflot A, Arvidson R, Mangold N, Mustard J, Drossart
P, the OMEGA team. 2005.
Revealed by the OMEGA/Mars Express Observations. Science,
307: 1576~1580.

Clark B C, Morris R V, McLennan S M. Gellert R. Jolliff B, Knoll
A, Squyres SW, Lowenstein T K, W Ming D, Tosca NJ, Yen
A, Christensen P R, Calvin W,
Dreibus G, Farrand W, Klingelh fer G, W nke H., Zipfel J,
Bell T, McSween H Y, Rieder R. 2005.

Mars Surface Diversity as

Gorevan S, Br ckner J,

Grotzinger J,
Chemistry and mineralogy of outcrops at Meridiani Planum.
Earth and Planetary Science Letters, 240;73~94

Cowen R. 2009. Plumes of Martian methane hint at possible
undergrand microbial life. Science News, 1175(4); 10.

Dong H, Rech J A, Jiang H, Sun H, Buck B J. 2007. Endolithic
cyanobacteria in soil gypsum: occurrences in Atacama (Chile) ,
Mojave (United States), and Al-Jafr Basin (Jordan) Deserts,
Journal of Geophysical Research 112: G02030.

Douglas W, Abbey M, Randall Conrad P, Kanin 1. 2008. Textural
and mineralogical biosignatures in an unusual microbialite from
Death Valley, California. Icarus 193: 620~636.

Dyall-Smith M. 1994, The halohandbook: protocols for

http://www. microbial. unimelb. edu.

halobacterial genetics.

au/staff/mds.

Fish S A, Shepherd T J. McGenity T J, Grant W D. 2002.
Recovery of 16S ribosomal RNA gene fragments from ancient
halite. Nature ,417. 432~436.

Friedmann E I, Kibler A P. 1980. Nitrogen economy of endolithic
microbial communities in hot and cold deserts, Microb. Ecol. 6
: 95~108.

Friedmann E 1, McKay C P, Nienow J A. 1987. The
cryptoendolithic microbial environment in the Ross Desert of
Antarctica; Satellite-transmitted continuous nanoclimate data,
1984 to 1986. Polar Biol, 7. 273~287.

Gendrin A, Mangold N, Bibring J] P, Langevin Y, Gondet B, Poulet
F. Bonello G, Quantin C, Mustard J, Arvidson R, LeMou lic
S. 2005. Sulfates in Martian Layered Terrains: The OMEGA/
Mars Express View. Science, 307: 1587~1591.

Grant R T, McGenity T J.1998. Halophiles. In: K. Horikoshi and

W. D. Grant, Editors, Extremophiles: Microbial Life in
Extreme Environments, Wiley-Liss, Inc: 93~132.

Hoham R W. 1975. Optimum temperatures and temperature ranges
for growth of snow algae. Arct Alp Res, 7. 13~24

Hoham R W. 1989.

Exobiology and Future Mars MissionsNASA CP 10027 32 ~

Snow as a habitat for microorganisms. In:

33. http:// blast. ncbi. nlm. nih. gov.

Hughes K A, Lawley B. 2003. A novel Antarctic microbial

endolithic community within gypsum crusts. Environmental
Microbiology, 5: 555~565.

Jannasch H W, Mottl M J. 1985. Geomicrobiology of deep-sea
hydrothermal vents. Science 229 ; 717~725.

Langevin Y, Poulet F, Bibring J, Gondet B. 2005. Sulfates in the

Detected by OMEGA/Mars

Express, Science, 307; 1584~1586.

Mayer D P, Arvidson R, Wang A, Sobron P, Zheng M. 2009,

North Polar Region of Mars

Mapping minerals at a potential Mars analog site on the Tibetan
Plateau. LPSC. Vol, XXXX: 1877.
McFadden G, Wetherbee R. 1982.

Moestrup, Pyramimonas

gelidicola sp. nov. (Prasinophyceae), a new species isolated
from Antarctic sea ice. Phycologia, 21: 103~111.

Mckay C P, David W. 1991. Duration of liquid water habitats on
early Mars. Icarus, 90: 214~221.

Rothschild L J. Mancinelli R L.
environments. Nature, 409: 1092~1101.

Rothschild L J. 1990. Earth analogs for Martian life, Microbes in

2001. Life in Extreme

evaporites, a new model system for life on Mars. Icarus, 88
(1): 246~260.
Sambrook J, Fritsch E F, Maniatis T. 1989. Molecular Cloning A
Laboratory Manual, Cold Spring Harbor Laboratory press.
Sobron P, Freeman ], Wang A. 2009. Field test of the water-wheel
IR(WIR) spectrometer on evaporate salt deposits at Tibetan
Plateau. LPSC. Vol, XXXX. 2372.

Squyres S W, Arvidson R E, Bollen D, Bell J F, III, Br ckner J,
Cabrol N A, Calvin W M, Carr M H, Christensen P R, Clark B
C, Crumpler L, Des Marais D J, d'Uston C, Economou T,
Farmer J, Farrand W H, Folkner W, Gellert R, Glotch T D,



511 4

FLU AR A5 < KR W 9 2 S 0 W8 30 1 1 R M

R H R AR 2 78 1667

Golombek M P, Gorevan S, Grant J A, Greeley R, Grotzinger
J. Herkenhoff K E, Hviid S, Johnson ] R, Klingelh fer G,
Knoll A H. Landis G. Lemmon M, Li R, Madsen M B, Malin
M C, McLennan S M, McSween H Y, Ming D W, Moersch J,
Morris, R V Parker T, Rice ] W Jr, Richter L, Rieder R, Schr
der C. Sims M, Smith M. Smith P, Soderblom L. A, Sullivan
R, Tosca N J. W nke H, Wdowiak T, Wolff M. Yen A. 2006.
Overview of the Opportunity Mars Exploration Rover mission to
Meridiani Planum: FEagle Crater to Purgatory Ripple. J.
Geophys. Res., 111, E12S12, doi: 10.1029/2006JE002771.

Stivaletta N, Barbieri R. 2009. Endolithic microorganisms from
spring mound evaporite deposits (southern Tunisia). J. Arid
Environments, 73(1): 33~39.

Sun H L. 1990. Atlas of the Qinghai-Tibet Plateau. Beijing:
Science Press, 69.

Thomas-Keprta K L, McKay D S, Wentworth S J, Stevens T O,
Taunton A E, Allen C C, Coleman A, Gibson E K, Romanek C
S. 1998. Bacterial mineralization patterns in basaltic aquifers:
Implications for possible life in martian meteorite ALH84001.
Geology, 26:1031~1034,

Thompson J D, Gibson T J, Plewniak F, Jeanmougin F, Higgins D

strategies for multiple sequence alignment aided by quality
analysis tools. Nucleic Acids Research, 25(4) :4876~4882.

Vreeland R H, Rosenzweig W D, Powers D W. 2000. Isolation of a
250 million-year-old halotolerant bacterium from a primary salt
crystal. Nature, 407 : 897~900.

Wang A.Zheng M, et al. 2009. Evaporite salts from saline lake on
Tibet Plateau: an analog for salts on Mars. LPSC,1858.

Wang A, Haskin L. A, Squyres S W, Jolliff B , Crumpler L,
Gellert R, Schr der C, Herkenhoff K, Hurowitz J, Tosca N J,
Farrand W H. Anderson R. Knudson A T. 2006. Sulfate
deposition in subsurface regolith in Gusev Crater, Mars. J
Geophys Res, 111, E02S17, doi:10.1029/2005JE002513.

Warren-Rhodes K A, Rhodes K L., Pointing S B, Ewing S A, Lacap
D C, G mez-Silva B. Amundson R, Friedmann E I, McKay C
P. 2006. Hypolithic cyanobacteria, dry limit of photosynthesis,
and microbial ecology in the hyperarid Atacama Desert.
Microbial Ecology, 52 : 389~398

Wierzchos J, Ascaso C, McKay C P. 2006. Endolithic cyanobacteria
in halite rocks from the hyperarid core of the Atacama Desert.
Astrobiology 6 : 415~422.

Zheng M, Wang A, Kong F, Ma N. 2009. Saline lakes on Qinghai-

G. 1997. The CLUSTAL _ X windows interface: flexible Tibet plateau and salts on Mars. LPSC, 1454,

Isolation and Identification of Halophiles from Evaporates
in Dalangtan Salt Lake

KONG Fanjing"* , MA Nina"?, Alian Wang®* , Jan Amend”
1) R&D center of Saline Lake and Epithermal deposits, Beijing, 100037; 2) Key Lab of Saline Lake resources and
Environments . Ministry of Land and Resources,Beijing, 100037; 3) Dept. Earth and Planetary Sciences and McDonnell

Center for Space Sciences, Washington University, St. Louis, MO, 63130 USA
Abstract

Sulfate salts have been identified on Mars by spectrometers on orbiters and rovers. These salts and
their evolution reflected the changes of surface environments. Dalantan Salt Lake is the second largest lake
in the Qaidam Basin and also one of the driest areas in China. The salts distributed in the Dalangtan Playa
have the similar characteristics to those found on the Martian surface. We collected samples such as
superficial salt crust of evaporites, salt crystals of salt lakes and salt deposits at the section to isolate
bacteria, and the culture and identification of these bacteria were carried out in the Lab. The results
showed that different types of halophiles were distributed in salt crystals and salt deposits at Dalangtan and
that they had high homology with some species of the genera Virgibacillus, Oceanobacillus, Halobacillus
and Terribacillus. The halophiles isolated from evaporites of the Dalangtan Playa provide an analog for

exploring life in the hypersaline environment on Mars.

Key words: salt lake; halophilic bacteria; salts on Mars; Astrobiology; analogs





