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2.1 BERETESHEN

2.1.1 A N-J R IF X AT 5 5% 08 Al TG 2 AR
HEAT A BT N A TH B S 30 b XA 13 A e 3Ry
BIE 56 BRIEER LA, DA R ANE 1 R, soRED
FEE 5 FH EzTaxon server 2. 1 5 4 84 k& 3 Fh @ oE f7
FE X CRRARL M L X 45 2R f 16S rRNA J Ky 471 45 5%
SR 2 R ) o VAR T W R T K AROH R Y
RITE MR 28 Clustal X L% 5 44 22 300 4B (N-J) A4 (4 & 1
Jii7R) o BRFRWIX 56 tRly o0 A6 T 5 s B
JB 2Rt Group 1 (LHEEE #F YIM 93606, YIM 93607 ,
YIM 93756, YIM 93608, YIM 93680, YIM 93755, YIM
93598 . YIM 93697 . YIM 93680, YIM 93615, YIM 93671 .
YIM 93791, YIM 93696, YIM 93683, YIM 93790, YIM
93788 .YIM 93789 . YIM 93798 ) ,Group 2 (HFEF R YIM
93737 .YIM 93763 . YIM 93694, YIM 93796, YIM 93699 .
YIM 93794 . YIM 93762, YIM 93795, YIM 93605, YIM
93797) ,Group 3 (HL¥E B & YIM 93589 YIM 93588 ),
Group 4 (YIM 93590) , Group 5 ( YIM 93767) ] #1 35 4~
CH g AR W B 1 10 A 8 (4L §5 Halopelagius,
Natrinema, Haloterrigena, Halalkalicoccus, Halopiger,
Halodaptatus, Halorubrum , Natronococcus, Halosavcina,
Halogenomonos) , BRI SE5 W4 2 PR

2.1.2  FALARE T NB A0 LA 0 1 X 3 B B 1)
56 #kig R R TS LR : Group 1 5 18
(32.1% ) ,Group 2 & 9 ¥k (16.1% ), Group 3 & 1 kf
(1.8% ), Group 4 ¥ 1 £ (1.8% ), Group 5 X 1 kf
(1. 8% ) FIHAE. & )@ : Halopelagius J& 2 ¥ (3.6% ),
Natrinema J& 1 ¥k (1.8% ), Haloterrigena J& 13 £f
(23.2% ) ,Halalkalicoccus J& 2 ¥ (3. 6% ) , Halopiger J&
1 £k (1.8% ) , Halodaptatus J& 1 ¥ (1.8% ) , Halorubrum
J& 1 ¥k (1.8% ), Natronococcus J& 1 £ (1.8%),
Halogenomonos J& 2 # (3.6% ) ; Halosarcina J& 1 £f
(1.8% ), LA 16S rRNA F PR FF 31 AH A 1 /N T a8 55 T
98% WA R AN R 43 2 BT HEAT Z2 FEETHEE, B3k 56 tk
AL BT 5 8 AR 40 8T8 5314 Group |
A 18 £ ,Group 2 H 9 #,Group 3 A 2 #,Group 4 A 1
#,Group 5 A 1 ¥k, Halopelagius J& A 2 ¥k, Natrinema
J&A 1 ¥k, Haloterrigena J& A 2 t, Halodaptatus J& 7 1
. Shannon £ #£ # $8 % (H') & 1.820 ( Chao &
Shen) ™' |
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A 98 YIM 93664
100_[1'YIM 93701
Halalkalicoccus tibetensis (AF435112)
Halococcus morrhuae (D11106)
Natronoarchaeum mannanilyticum (AB501361)
Haloplanus natans (DQ417339)
Halorubrum saccharovorum (U17364)
YIM 93749
Halonotius pteroides (AY498641)
Halobaculum gomorrense (AB477982)
Halogranum rubrum (EU887283)
Haloferax volcanii (AY425724)
100, YIM 93592
YIM 93605
Halopelagius inordinatus (EU887284)
Halobellus clavatus (GQ282620)
Haloquadratum walsbyi (AY676200)
Halogeometricum borinquense (AF002984)
99 Halosarcina pallida (EF055454)
YIM 93541
77 Halorussus rarus (GQ282618)
100 Haladaptatus paucihalophilus (DQ344974)
YIM 93656
Halobacterium salinarum (AB371717)
Halarchaeum acidiphilum (AJ496185)

Halorhabdus utahensis (AF071880)
Halosimplex carlsbadense (AB072815)
Haloarcula vallismortis (EF645688)
Halomicrobium mukohataei (EF645690)
Halomarina oriensis (AB519798)
Natronomonas pharaonis (CR932657)
Group 4

91

Methanosarcina lacustris (AF432127)

1 ET16SRNA EFFIHENRELE N-J
Fig. 1  Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of Halobacteriaceaee.
Numbers at the nodes indicate the bootstrap values ( > 50% ) based on neigubour-joining analyses of
1000 resampled datasets. GenBank accession numbers of the type strains of each genus are given in

parentheses. Bar, 2% sequence divergence.
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1 +=4EHEMEXER

Table 1  The related information of thirteen samples

Soil sample Sampling sites Soil types Altitude No'rthem East' ol Salinity
number /m latitude longitude /%

1 140 km to Lup nur entrance( Z i /I A1 140 km 4~)  Loam 782 39°56'104" 90°11'482" 6.5 3. 5500
2 Surrounding of Loulan city (#2235 &34 ) Loam 776 40°14'161" 90°16'712" 6.8 7. 0400
3 Surrounding of Loulan city (#2235 831 ) Loam 914 41°28'464" 84°18'994" 7.5 3. 6025
4 Surrounding of Loulan city (#2235 4) Solonchak 910 41°36'423" 84°46'619" 7.8 9. 8050
5 Lup nur entrance( % fijH A I 4L) Solonchak 777 40°30'784" 90°18'418" 7.0 2. 9475
6 ﬁg 11:2 Z)L“p nur entrance (ZAHAL Sandy soil 785 39°41'979"  89°54'496" 6.5 5.3400
7 }jg t: ;LL“I’ nur entrance (FA7HAH Sandy soil 785 39°54'99"  90°9281” 7.8 2.5950
8 Loulan city entrance (#4227 5 A E1 AL ) Solonchak 782 39°58'723" 90°15'517" 7.0 1. 9800
9 Surrounding of Loulan city (# % 7 35 J& 171) Sandy soil 775 40°23'812" 90°17'618" 6.5 13.9325
10 Surrounding of Loulan city (#5223 i4) Clay 774 40°35'127" 90°18'491” 8.2 5.1350
11 15 km to Lup nur city( Z fiJ[4H 15 km 4b) Sandy soil 780 40°22'8" 90°52'3" 7.0 13. 0150
12 Surrounding of Lup nur city (% 4 )48 J& 1) Sandy soil 779 40°13"2" 90°37'9" 6.5 7. 4050
13 Downtown of Lup nur city (% fii {148 ) Solonchak 778 40°27'954" 90°52'63" 6.5 29. 0250

2.1.3 MIEARFE S BB R g 2R JUHIE 2 5 kR, 0 rg Bl A R 23 B B A T Y
BTG G A R R R B R R R A A 2, J&— Gy Hon, BARE SRR 2 Fros .
3,45 S B BB IR WA AR L £,

R2 BAIHSBIWERTHME, HHRYM 16S rRNA EREHKRERS
Table 2 Species, strain numbers and 16S rRNA gene sequence accession numbers of isolated halophilic

archaeon strains from 13 soil samples

Soil samples Number of Accession . Number of Similarity

number isolates number Closest species each species /%

1 YIM 93654 JF449415 Natronococcus jeotgali 1 99.241
YIM 93701 JF449426 Halalkalicoccus tibetensis 1 99. 457
YIM 93656 JF449425 Haladaptatus cibarius 1 97.932

2 YIM 93792 J¥449427 Haloterrigena turkmenica 4 98. 167
YIM 93793 JF449428 Haloterrigena turkmenica 98. 099
YIM 93684 JF449421 Haloterrigena salina 98. 169
YIM 93787 JF449388 Haloterrigena salina 98.521
Group 5(YIM 93767) JF449399 Haloterrigena turkmenica 1 96. 667
YIM 93541 JF449418 Halosarcina pallida 1 99. 186
YIM 93749 JF449434 Halorubrum saccharovorum 1 99. 046
Group 3 ( YIM 93588) JF449414 Halovivax ruber 2 94. 126
YIM 93589) J¥449437 Halovivax ruber 94.271

3 Group 4 (YIM 93590) JF449412 Natronomonas pharaonis 1 88.115
Group 1( YIM 93598) JF449401 Natrinema ejinorense 1 96. 260
YIM 93705 JF449386 Halostagnicola larsenii 2 99.563
YIM 93786 J¥449387 Halostagnicola larsenii 99. 490
YIM 93594 JF449407 Haloterrigena turkmenica 6 98. 167
YIM 93593 JF449416 Haloterrigena turkmenica 98. 506
YIM 93597 JF449405 Haloterrigena turkmenica 98. 235
YIM 93596 JF449413 Haloterrigena turkmenica 97. 895
YIM 93595 JF449411 Haloterrigena turkmenica 99. 117

YIM 93641 JF449417 Haloterrigena turkmenica 99. 050
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Soil samples Number of Accession ) . Number of Similarity

number isolates number Closest species each species /%

4 YIM 93592 JF449438 Halopelagius inordinatus 2 97. 891
YIM 93605 JF449439 Halopelagius inordinatus 97. 861
YIM 93664 JF449420 Halalkalicoccus tibetensis 1 99. 254
Group 1(YIM 93608 ) JF449410 Haloterrigena thermotolerans 1 96. 414
Group 2(YIM 93794 JF449430 Natronorubrum tibetense 4 96. 676
YIM 93795 JF449435 Natronorubrum tibetense 96. 472
YIM 93762 J¥449424 Natronorubrum tibetense 96. 404
YIM 93797) JF449436 Natronorubrum tibetense 96. 533

5 YIM 93621 JF449394 Halopiger aswanensis 1 98. 764
Group 1 (YIM 93789 JF449391 Natrinema ejinorense 8 96. 754
YIM 93696 J¥449392 Natrinema ejinorense 96. 610
YIM 93755 JF449398 Natrinema ejinorense 96. 048
YIM 93680 JF449423 Natrinema ejinorense 96. 260
YIM 93615 JF449403 Natrinema ejinorense 96. 189
YIM 93756 J¥449397 Haloterrigena thermotolerans 96. 414
YIM 93671 JF449419 Natrinema ejinorense 96. 471
YIM 93689 ) JF449400 Natrinema versiforme 96. 240
YIM 93581 JF449432 Natrinema pallidum 1 97.370
Group 2( YIM 93699 JF449404 Natronorubrum tibetense 5 96. 404
YIM 93796 JF449431 Natronorubrum tibetense 96. 676
YIM 93737 JF449402 Natronorubrum tibetense 96. 540
YIM 93763 JF449441 Natronorubrum tibetense 96. 540
YIM 93694 ) JF449422 Natronorubrum tibetense 96. 608

6 YIM 93604 JF449406 Haloterrigena thermotolerans 1 97.103

7 Group 1( YIM 93788 JF449389 Natrinema ejinorense 6 96. 824
YIM 93798 JF449393 Natrinema ejinorense 96. 754
YIM 93683 JF449440 Natrinema ejinorense 96. 895
YIM 93790 JF449395 Natrinema ejinorense 96. 822
YIM 93697 JF449390 Natrinema ejinorense 96. 613
YIM 93791) JF449496 Natrinema ejinorense 96.613

8 Nothing

9 YIM 93700 JF449429 Haloterrigena thermotolerans 1 98. 070

10 Group 1( YIM 93606 JF449408 Haloterrigena thermotolerans 2 96. 692
YIM 93607 ) JF449409 Haloterrigena jeotgali 96. 726

11 Nothing

12 Nothing

13 YIM 93622 JF449433 Haloterrigena turkmenica 1 99. 185

2.1.4 WREARFEFREN 2 EBIREE S L I EE] 40 dROE IR R, A T 9 A RE R R A

FEVESEATSETE  LUEL S R FR LB 0 BRSO, R Bk BORRIB AN 4 MIBTERI TR . SR & IR — S 1 R Jk

R ISPS HV RigR AP A SJH s IRy 47 L BIng R i 16 Bk, A T 2 S kol A AR

BPRA S EEIEEE N SRERBREGENT KRB 2 NEERE . SRR 3 iR
£3 MMHEFESENERTEMEREKREY

Table 3 Species and number of isolated halophilic archaeon strains by four selective media

Media The genera and number of isolation strains

CCMS Group 1 (8), Group 2 (7), Group 3 (2), Group 4 (1) ,Halostagnicola (2), Haloterrigena (11), Natronococcus (1),
Haladaptatus (1), Halopelagius (2) , Halosarcina (1), Halorubrum (1), Halalkalicoccus (2) , Group 5 (1)

Modified Gause 1 Group 1(10), Group 2(2), Halopiger (1), Natrinema (1), Haloterrigena (2)

HV Nothing

Modified ISP5 Nothing

The number of each genera are given in parentheses.
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2.2 BREMZLBER

SLge A B T R AE 0% MR — 51 R
HELEHAAEK,5% KBy A: YIM 93581, YIM
93664 , K H 43 WE £h 1t TR A Eh vk AR KB AE 10%
-35% Z ], TEMEER K4,

FIHiE . I 4 T LIE R Ir SC 8 W Ak 1E 10%
W BRI, A TR 5% B9 #h ik 1 fg
AR, DO DR ok o B AR B AR IR ZR HE A AE 5%
10% Z 18], 3% 5 412 36 (¥ K H8 73 g £y i1 A0 e IR 2
e E AR FL AR A, 97K T B T T 0 B R IR

HM S A5 R R, R 10% 158 70 LYW, TTRE 2 RE 08 BUAF b 4y B9 B R B gl e
JIr PR v B, 1 45 g Rt TR A R R B T A2 3 LA IR Z—
x4 HREMIRBERESER
Table 4  The results of salt concentration tolerance and enzyme tests
i:{: t}:r of f{:riiﬁm(itliilc/l% f):::r:izti)i(i]% Starch Skim milk  Gelatin Tween 20 Tween 40 Tween 60 Tween 80
YIM 93680 10 -35 20 -25 + + - - - - - _
YIM 93581 5-35 20 -30 + - - + - - —
YIM 93762 10 -35 20 -30 + + + - - + + + + -
YIM 93763 10 -35 20 -30 - - - + + + + + - -
YIM 93588 10 -35 20 -25 + + + + + - - -
YIM 93589 15 -35 20 -25 + + + + + + - - -
YIM 93622 10 -35 20 -30 + + + - - + + - - -
YIM 93594 10 -35 20 -25 + - - + + + + + + + -
YIM 93700 10 -35 30 + - + + + + + + - -
YIM 93767 10 -35 20 - - + - - - -
YIM 93621 15 -35 20 -25 - - + - - - -
YIM 93705 10 -35 20 -25 - - - - - - _
YIM 93654 10 -35 20 -25 + + + - - + + + + - +
YIM 93664 5 -35 20 -30 - - - PR + 4 _ _
YIM 93749 10 -35 20 -30 + + - - - + + -
YIM 93592 15 -35 20 + + - - - - _
YIM 93656 10 -35 20 -25 + + + + + + + + + + + + + -

Note: + : positive; + + : the higher positive; + + + : the highest positive

2.3 EBEKRNER

2.3.1  JEMPEETEVE 17 bR SIS TE bR o H A UE R
TR TR AR 2R AT 12 Bk, BB TR R 70.6% . YIM
93654 YIM 93622 \YIM 93762 H.45 1R &5 () ¥& #5 B 1%
P

2.3.2  GEEBGIEME R AR A D R IR AT E T
(Rl R N S N U - S Wiy - S R R g E
it O AE R K W o 7 DAFE (R SE 50 FRATT 8 X e T
T R FBEAG - WK g R R E JC 20, T
JI A A 45 T 5 e kT B, B AR v AR 1N 80%
A — S8 H At %) F B, ARSI Y Y LR, B LAS
I 4 550 6 R 2 475 i AN 2 T 3R SR AR S K B R .
HUBA A A] — i 2 11 A 06 M AR S B0 A il s o B A
BB E . 17 bR S5 Ak B RS MY
H 6 Bk, BIE R R 35.3% ., Hob, @k YIM 93656
A AR 0 48 W

2.3.3 PSS M0k R 20,40,60,80, ft H EA A

[ A g 2, B — i g 6 A 3% R A S 50 90 K
HARIC B A BE RIS R, 17 B S0 50 B bk b B R
itk 1% PR (A 14 Bk, B8 26l 82.4% . YIM 93700,
YIM 93594 YIM 93664 . YIM 93763 . YIM 93656 H. 4§
R TG RGP . T R RS LB WA FE S
FBEPRE | g7 1 M) R 3 W 3k — b g Ry 7 o
FIEG= G PR L EE i R YIM 93581\ YIM
93762, YIM 93622, YIM 93594, YIM93749 . YIM
93592, YIM 92654 H. & B FH % ; B #& YIM 93588,
YIM 93589 YIM 93700, YIM 93656 ELf5 = [HM: ., fi§
TG R 25 B an 2 4 TR o

3 Atk
R o 53 8 00 2 AR T AT B B

BE] 67.9% o B AP AR B B T LU LIS
AR S AL - 7 WL AL 2 SR A Ml S ) R R . AR L P
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R R I b R A T DX IR N 5 A a2
B WA BT AR X (HE PR PR3 BR A A i 2
FE1H 75 R KB KD e & BOH K TR TE BB K 36
T, AEER 7T T2 JEOR R f DA JE b o MURR Y R
il BRI AR TG 3 P /MER X 2 5 A
IR B R IR I L U E B . X2 FRAT A X 4
ZUEE RO AT . BRI E AR
ST B R 3 o I R TR 2 B T VA T B )
B E TR, DR 250 v hh i
PR 3% 35 FEHR 1k FH Yeast extract, Casimina acid /E A
HLRE IR W o1 , 7 S 56 BT 1 FH 1) RE IR ) o 5 2 TE Hy
AMET e R TR R B FUB AR . H i97E T8
JH 33 S8 5T 14 RE U5 ) Jot 3 15 3] — BB B UL B BT ) R
H T 0 R TS 4 T A g R TR AR A A R R L B AL
CCMS .2t 1 ISP5 il JiF A R 55 7 B 7F LA AE 43 8 S5 5
TR TR R 3 B R B, BT LA R B X S R R
KT ESVEER T T o LIRS RS P] CCMS B gr ikt iy
BRI 8 AT RRIEMS MBIEE, o B RCRR
4, 0 F LU 22 R CCMS 1y 37 3870 B Z g 4
R THOR SR, R R IR S IR Rk
JEVE oy X W R TR A B AR B, HR MR
ISPS 71 Ji HE 2 1% 3% L B AT 43 18 B g 8 7 1A, It IR mp
AE 2 ¢ i 2 T 1 T B3 A0 8 A IR 1) A A AN ) T AR T
Jr AT RE O R R o B o U, R B AR
/INT10% , 25 58 LAAE R 22 B0 SC Rk P 41 38 8 £ 1R Y
SYBEERVRBEAE 159% DL 171 LRk 2 B0 i T
(1) BT SR vk FEAE 15% A" 4514 15% L b 4L e i
P ZHORER W AT RE o TR E B A K
T EOR B R B S R RO S 2 2 e
BER . N THITEMT 15% W E TR &5 58
FI T 00 g R T R 2SR, AR SR v B 10% 1R O 4 B AR
WBE o o3 B W AR T TR Y 2 AR R S R R B T R T R T
R e J3E T i 1 20 15 W R T TRUB W) B A0 D7 1 % T g AR
MEZ RN B . X LR IS g
S 1 SRR ) 3 e 38 3 15 I TR ) A A T AR 4
AT o (R RS A5 R 8 9, E R H IR
JIT 2R B (R BRI T M R B R 5510 em - 30 em [y
TR B HUE AR AL TR BRET 5 5 S ik g O BRAE SR A
MR B R AL RE (It IR i e £ 1k . SR 45 2R R T,
ARSI 43 1 ) O W RO T AR B, X T LS 2%
B HABRE I ot AN [R]85 K — 26 0 4% Ak 7
T5 R B g ARl TR AR AL T S B A

ARSI I 53 85 110 W8 R T T 0B ARl 67.9% |
G335 A EHEEE R Y 10 SRS A B
J& TR A 2 R R R EE . (AR
A A BOR IR ZHEPE HAEIF A R AU 1,820, [A]
— MM EZFEE KL, NI LT LE 25
A FEZ &P T Group 1 1 Group 2 P 3 kL
b R 73.7% o H R AR SE G 2 AR
SR B ANV BVZEAS 0 Rl 09 3 bR o £
Al RE M R AT — , Brade FHAE & Group 1 i1 2 1] B
SRR =, IR 09 5298 Oy 1 kB BT
TEF B K5 9738, 10% £ e B Ko PR RS 1% 3% 1Y) 3K 46 4y 5
J A AT Group 1 F1 2 EANKEEMER. 5
A NFR 2 Gt AR R REXT g R T R A B A R E
BB A A g3 g R R 2R A D BB T AT S
o th B AR 2 0 vh T — )& S R AR o B vg iy
W ZREMEREAI ., T 8 11 12 5 kR At mg 46y
W 36.7.9 11 13 5+ FE 43 0 1 1 7l R P 2 s
— o B AR Y AT, A R R v AR
wE B T R AR AE 10% IR
AAE s . B TRD A B S A HL BT AR A # b AT g
A A B R D = O R R R AR
TEFENE , AH T 08 8 B AR R AR K. B
B UL S P g R R 2R AR K
RARTE T, BEARATTAS W7 0t R T - SR AN [ i
TR B B -2 53 W 85 3% 3k OV AT A8 2 R0 4y 88 07 vk
(N [ b e 5 PR RO L) B 35 35 4 ) L R o b
TNk R 28 5% 4 8 W kT TR 2 R T T A R B2
M), DA 3 85t 22 A PR T Oy =5 5 i g R T TR 2R 8

M\ 56 BRIEE W T 4R R Gk B W AN R 2k
FEREPRAE 17 A g Fh ol TR 0T R v R T A2 R0 IS
PEATREI o e B2 i 52 S 565 25 SR 3 W ik — L g & iy
B 110 4 K9 LR R0 AE 10% - 35% =2 Ja] , fie 1 £6 e
FEFE 20% —25% Z i), il 3% kil i 45 R R T, iX —
b8 ot B R B TR 00 T O R T LR 40 TR R Y
Pl 5 R P B v o A S TR R ) T AR 3 R B XU
PEEEZ =AM, B3 WA fE B A LT
TRET = 1, J0H R A YR S 56 i %k T 0 R AL T 20 A
T HE DX, {H 2 DI B G 85 100 08 6 ol 1R 20 LA AN () il
TEREME . T, TR R 2 A\ R R 2R 5 e o T A
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Biodiversity and functional enzymes of cultured halophilic
archaeon in Lop Nur region
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Abstract ; [ Objective] In order to explore the diversity of cultured halophilic archaeon from hypersaline environments in
Lop Nur region and their potential application. [ Methods] Total 13 soil samples were collected from Lop Nur regions.
Halophilic archaea strains were isolated and identified by 16S tRNA gene sequence analysis. In addition, 17 strains were
selected based on different branches in pylogenetic tree, and their salt concentration tolerance and amylase, protease,
esterase activities were further detected by conventional methods. [ Results] The 16S rRNA gene sequences of 56
selected strains were determined, and the phylogenetic analysis was carried out. These strains were classified into 10
known genera and 5 new potential genera, and the Shannon index was 1. 820. The range of salt concentration tolerance of
most strains was 10% -35% (optimum at 20% —-25% ). Amylase positive rate was 70. 6% , protease positive rate was
35.3% and esterase positive rate was 82.4% . [ Conclusion] Diverse halophilic archaeon were discovered in Lop Nur
regions. The isolation methods that we used were successful for isolating halophilic archaeon from these areas, which
provided the technical basis to future explore the resources of halophilic archaeon in Lop Nur regions.
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