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Abstract: 425 halophilic bacteria sirains were isolated by using six different media from thiriy salt-soil samples
collected from Heijing ancient salt mine, Yunnan By the growth on NaCl grandient concentration and other
screening methods, 79 strains of extremely halophilic microorganisms were chosen for further research. Based on
colonies color, shape and size, 15 stains were seleeted to be sequenced. The sequencing resulls revealed that 11
of them were haloarchaea. According to the phylogenetic analysis, they belong 10 four genera of the family
Halobacteriacear. The hlast results shawed that the similarities of six sequences were higher than 97 % with the
validly described species of the following four genera: Halorubrum, Natronococcus, Natrialbe, Healalkalicoccus.
The similarities of other five sequences with any validly described species were less than 97 % , therefore, the
taxonomic positions of the following five strains YIM-ARC 0032, YIM-ARC 0036, YIM-ARC 0037, and YIM-
ARC 0050 could be determined according to further polyphasic taxonomy data. The results indicaled that there was

a considerable diversity of haloarcheaea in salt-mine environment of Heijing ancient salt mine, Yunnan and it was
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worth continuing to research on this area.

Key words; Extremely haluphilic archaea, Salt-mine, 165 rRNA, Biodiversity
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PP Ak A E S A REIBEY, B 1963 4F Dombrowski ' Fll Taseh™ A Mty
th SRR E TR, S KAXRIENE T 25BN R RIRE )
RETERE GTEENES, NMIBF THEVEENTROHE . ZEROR2 50
FRM RS M MRBRET T ABMIEAZE, AT AKBHEEMELME. K&
FAR B LT I JLAESE ) ) S5 95 15 10 DGGE X & #h I Bk s v 4k IR BT A,
REKXBRIFN ., EEENAEST, ARERAEXBRAELTHSRILETRERD
FIESR

BEE R EE L ERIRARIR, AMBCERERRIVAFIAMENERER, K
MR B R AL R S A, BT A M A A S H | G A B IR R
PGS | B I FAVOEE N BN & S AR E A S T £,
. B, TAAEFSHE- A ER AR, B MRS B xR R A
YL . AR E R E. BHET, AMIRRELEE VR THITTRE L,
Stan-Lotter %> =, =&% (Permo-triassic age) dr&ihhaAE B KPR LT
AT REBSELL S, BHIERA P hRIE AR, i1 IR 5eE L
T EA T B R S FETE R — R A )

ZEES TSR T 2 E e S P A, AL RMAE — TR
F.ER G, RS, BHES, HAWRE—FREV A XMEEHGHE",
A FAR Bt AR O ROE R WIE. BHHET A TRELEILBEIFHANE
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1 #REHZ

L1 HRERENEKTE

2004 4F 9 AHI 2005 4£ 3 A#AT T PIKEE A, MWBHELD UL R H L s XA
LMEIER S P RES T| HERMKKSHER 35 D RABRERT FREETS
B, CER2-4 ], RERHENRD. BS, BORTHETERKIE.

1.2 SEERE

M 1. Casamino acids 5g, Yeast extract Sg, Trisodium citrate 3g, NaCl 200g, Na,CO,
- 10H,0 10g, Na-glutamate 1g, KCl 2g, MgSO, + 7H,0 2g, Agar 20g, Trace salt 1mL,
ERKEFZELL, pH AR,

M 2. Casamino acids 7.5g, Yeast extract 10g, Trisodium citrate 3g, NaCl 250g,
Na,CO, - 10H,0 8g, KCl 10g, MgSO, - 7H,0 10g, Agar 20g, Trace salt ImL, 7EIEIKE
AE 1L, pH A&,

M 3. Casamino acids 7. 5g, Yeast extract 10g, Trisodium citrate 3g, NaCl 200g,
NaNO, 10g, KCl2g, MgSO, - 7H,0 20g, Agar 20g, Trace salt 1mL, EEKEFEEILIL,
pH7~8,
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M4, BASZEE% 150 mL, (0.55 x10°Pa, 20 min KE§); THELEW (30ml).
NaCl 60g, KNO, 0.6g, MgSO, « 7H,0 3g, W EFE#MgE:, (0.55 x 10°Pa, 30 min X
) BHARE (120 mL) . BENKEY 1.5g, Hih 3g, A5 4. 5¢ (0.55x10°Pa, 30
min KB ; KEEEEEGLYEATSER, 78 pH £8.0, RGRALPHERES.,

M5 (8i): NaCl 270g; K,HPO, 5g; MgSO, - 7H,0 10g; CaCOQ, 0.2¢g; #rfa
20mL ( FHf00.46g/mL); Glucose 0. 5g; Trace salt 1mL; Agar 20g; 78487k 1 L, pH
7.5, WEITHE: BEWFEERN0.5 kg, W, MAKI1L, BAEH30 mn, MAK
FE 0.1 mol/L NaOH, ##5 30min, 1.0 x 10° Pa ZFE K & 30 min 520 Tk, Wi
BAEBUFFIR 1.0 x 10° Pa @ EKE 30 min, %54 CHEBl, WHSHERR I RESR
JEBR LI R R RIS R

M 6: Casamino acids 2g, Yeast extract 2g, Starch 2g, NaCl 160g, MgCl, - 6H, 0
125g, CaCl, «+ 2H,0 0. 1g, Agar 20g, Trace salt ImL, Z8iBKEZEE 1L, pH6. 8,

Trace salt; HCl (25 %) 10mL; FeCl, - 4H,0 1.5g; ZnCl, 70mg; MnCl, + 4H,0
100mg; H,BO, 6. 0mg; CoCl, + 6H,0 190mg; CuCl, - 2H,0 2. Omg; NiCl, - 6H,0 24mg;
Na,Mo0, + 2H,0 36mg; Z4$%7/K 990mL, pH {(EA% . {#H 2 mol/L NaOH,

1.3 NaCl #1 pH &R 5

NaCl #1 pH B¥e B0 By £ ¥0 M 1., NaCl Z L84 5/ 0A 0, 3, 5, 7, 10,
12, 15, 17, 20, 22, 25, 27, 30, 33% AL/ NaCl; pH LM T pHS, 6,
7, 8,9, 10, 11, 12 HmAKWA (ErESECE [16], ERIEFEER Na,CO,
- 10H,0) ,

L4 HEpESRE

MWIESUERA M | BB TARAE RS NS 3, 6, 9, 12, 15, 18d |
1.5 4R44E

A LR AE RO £ 85 80 Oren %5 AR RUELL o AVH 40 2 B0 T 4 E B ARARAE
DRAFHK (HRAHEETTFM) FHENAEH#T. TENE TH, B4 KR
¥, Mk, KEAK., MREERE, MR- S%, UEARKREh AL EHE
0 s g o
1.6 5 DNA $EEX, 16S rRNA B [H ¥ i# K § F

5 DNA gyl HR B B8 Orsini %' ftg  FE™ B F HEHT. 165 (RNA FH 14 13
LB THRESHTIH: Pl 5° -ATTCCGGTTGATCCTGCCGGA-3’ ; P2, 5° -AGGAGGT-
GAT CCAGCCGCA-3’ . PCR # i 44 . 94 CHiAS#E Smin; $EH A 94 CAH: Lmin,
52 C3B K 1min, 72 CHEfH 3min, 35 1E3F; £J5 72 CHEM Smin, W/Fd HIEHT A H
YA
L7 Rg#AmMARNST

RO RE THRRER N ER 19 B P & A BB MARTET R TR
FIVEAS X %, LA Methanospirillum hungatei DSM 8647 ( M60880) & R #h8E, £
Clustal X $K#F 1T 7 BFFFILERS, B Mega 2.1 #KfF, RASAAHIERET" (Neigh-
bor-Joining) MEMHESSHEZRIMN RGN . ATRR IHENEST MR
H 1,000 K,
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2 ZRESaH

2.1 EMSHE

AR R I BT RER L RO S e SR B IR SR A 1 R R AT R B 3R
B (M5) mERB, BEEML, M2, Ma @R/, BE, BOFE, BHREMS,
M5 FIM6 HREBCREE—,

R HETR TR S R A A BB Y 5 425 1R, 2 im E SRR
HEBRER MG LI 79 BfomrE . Bt 15 BRFETT T 16S rRNA B F 5 H
E, MEHTHN 1 AR IREL S E.

2.2 WAL

PERCL R O R S B AR BEFT T AR A LT RIE, HRAE 1. K
FRIBERRE R, UARKEE RN EER N BT RIEEHER. N ESREHTE
TR R R TR N K BRONERKS , AR & U

x1 BoesEaTEEEREBEEY

TR it

0032 0034 )35 0036 00351 0052 0053 0054 0055
Ex B 3 = B B B® B ¥ ¥
KA (pm) 1.q 1.0 0.6 1.¢ 1.0 0.8 L0 04-~1.004-~1.2
Bz - - + - - - - - +
TEERETE - - - - - - - - -
ke + + - - + + + - -
1A 752 kAR - - * - - - -~ - -
LERL S - - + - - - -
ot if 20 + + + + + + 1 4 +
a8 80 - - - - - - - + +
L Tk 3 - + + + + - - - -
P4, - NaNO3 - - - - ~ - - - -
RE - K AA - - - - - - - - -
R - DMS0 - - - - - - - - -
HEREL R + + - - + + ~ - -
(1.5 - + - - + - - - -~
H,S =4 - - + - + - - « +

NaCl S JEM (wAvee)  15~33  10-33 10~33 10-33 10-33 10-33 10~33 10-33 10~33
BEiE NaCl @ (w/v%e) 17 =30 1533 12~33  15~33 12~33 12~33 12-33 12~33 15~33

pH 4 KA 6.5-9 7-95 8~9Y 65~1U 6.5~106.5~9.56.5~9.59 6-~9 6-~10
&% pH TR 78 8-9 78 7~95 7-~95 7.9 7-9 7-8 7~8
FREEDE (C) 25-50 25-55 25-55 25-55 25~55 28-55 28-55 25-55 25-5%
B REE (T 30-45 30-45 30-~50 30-45 30-50 35-45 35-~45 3045 3045

¥ o+ TRt - R

2.2.1 A REWAE, pHMBELE: AA K ERENEEL Kk EBEET
ERBREI AL B KR 10% U -, BLgeEBa 0% Witk Erkn
o BRRITFFI L Wiss BB, B YIM-ARC 0032, YIM-ARC 0034, YIM-ARC
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0051, YIM-ARC 0052, YIM-ARC 0053 ¥9/g THhinmE @ @, (BN pH iK%
RE, NEHTEMERBEE K pH 7 7.5 ~8.5, 45 HATE M4 80k 21 4t 5 w5 £h 56
PR pH 8.5 ~9. 5 H— MR . M FREMMZME, S5 5RKEHEHE
ERIBRETE30C ~55 CZfE, BHEH.
2.2.2 BREEAA: EX; 23 Mo —BUE D-H% 0, PR, R4, D-BOE,
W, FILEE, IR, HER, WM, MTHE, R, W, s, AW,
AFE, LB, PRI, ZHE, BOFERY, FLWE, D-HENE, WA, EHEEA 22 R
WE—RIEREEA, AR, HER, SMER, PHREAR, XNAR, 288,
AR, AR, WER, WER, KITABE, s, IREN, ME/, mEk,
HEm, vEM, MEEETFR, HER, CEK, RAOMNELN: XRIRHEHE
BEFA MR, KEBRRREMAKPH 1 ~2#, W RAEK YIM-ARC 0035, 3
BEMRARSZ, AR 14 M. BB R R AR A MR
A RABEH YIM-ARC 0032, YIM-ARC 0035, YIM-ARC 0036, YIM-ARC 0051, YIM-
ARC 0055 BEF 4 E R, HasEm XA KHg.
2.2.3 PUAEFEURME: B 25 Mbid E A SR 10 i & BB SE AL BT AR S g £
B3 R R EUER, KRR R SRR W HE YIM-ARC 0032, YIM-ARC
0034, YIM-ARC 0035, YIM-ARC 0051 if%f | & F #8R; B8k YIM-ARC 0034, YIM-
ARC 0035, YIM-ARC 0036, YIM-ARC 0051 %4 J7 7% B R, X HER M4 £ 035
AFVAER, LBLE, BLR, TEFRE, ARDE, BB, 58EC, £& Vv,
LAk, HER, RER, 45%, 485E, cBwls, sy, WHE, #h
BX, AR, ABE, KAEE, IUEE, Sk, ZHEESHTGUR,
2.3 B aH :

AR TERBRBHETRRELETHEABN N4 PRBSX, 4940 RE
F Halorubrum, Natronococcus, Natrialba, Halalkalicoccus 4 & . H # Natrialba,
Halorubrum J& P EEAT R X AFFEPE TR ML AR SR 8 £L (4 Y B, Natronococeus, Halalkalicoc-
cus B TARSME Eh B B . B BE YIM-ARC 0054, YIM-ARC 0055 2 BiskfF i #f B 71
Halorubrum 11, FE S ERMMEHALERT 99 %, NETOMERE. EHk YIM-
ARCO034, YIM-ARCO052, YIM-ARCO0S3 BAMNEEBEMES LA —E£R%, EAR
REIE Halalkalicoccus [&h, HUMHERKTF 97 %, bl R Kt mi i S5,
X3 BRIRER Y B A L+, T Halalkalicoceus JB R BLAIRRY B A 38NN, Rt E
BB AL R A B T AT B IR 5 ™ I R R S 5 # k2 (1USEM)
EREN. F3 KEBY Naronococcus B HHEAE—E, [HEH YIM-ARC00 32, YIM-
ARCO0 0036, YIM-ARCOO 0037 5 BESFh Natronococcus oceultus MU HETF 97 %, 5
[} )& 5 — ¥R Natronococcus amylolyticus ( Ah-36) ZHHEA (< 96 % ). EHik YIM-ARC
0032, YIM-ARC 0036, YIM-ARC 0037 Z A H&A R EEALRE KA, MEE YIM-
ARC 0037 5 YIM-ARC 0051 8] —E B MM, 45 4 KB R T Natrialbe B,
Hrh ik YIM-ARC 0035 58RI Natrialba asiatica {4 A T 98 % , WA AR,
Mk YIM-ARC 0050 f£ Natrialba, Natronorubrum, Natrinema, Holoterrigena 4 |~ J& #h
sy, REHHOAMRERES, NAREMTESAT (F1),

PRz R RN RN E G R P RRRE S ST, o EBa T —RE
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tk, MESERRGEREFZEBHHLEVEREL SHREEFE, KHEH, HF
EFHIEFHRRS LY TN ELE, ERENTREREHE pH SRR, =6
RAHHGIRFTRRE WA At WRYM LA LR WAk YIM-ARC
0032, YIM-ARC 0034, YIM-ARC 0036, YIM-ARC 0051, YIM-ARC 0052, YIM-ARC

0053 S RIREANMERELBEAR. AFENBH 3 DHF N amylolyticus £ pH
JLE7E 8.0 ~10.0, A. occultus 44 pH FAFETE 8. 5 LA b ; Halalkalicoccus tibetensis 7E 8. 0
DT OAREE K, MEBEHIPIML6 HREREES OLITEET.0 ITAK, XHRSR
K T ARSI EA K pH AR, B REZmEBA LR MR,

24 YIM-ARC 0054
ZEalombmm saccharoverum NCIMB 20817 (X82167)
YIM-ARC 0053

59
9 ; I—[5 Halorubrum lacusprofundi ACAM 347 (X82170)
1 Halorubrum tibetense ZBAY (AF435111)

Halorubrum alkaliphilum DZ-17{AY510708)
Halobaculum gomorrense DSM 9297T¥L37444)
Halogeometricum borinquense PR 3 (AF002984)
Haloferax volcanii ATCC 29605"(K00421)
Haloarcula vallismortis ATCC 297151(D30851)

Halomicrobium mukohataei JICM 97387 (D50850)

Natronomonas pharaonis JCM 88587(D87971)
Halosimplex carlsbadense JCM 112227(AF320478)
Halorhabdus utahensis AX-2"(AF071880)

99 YIM-ARC 0053
901 YIM-ARC 0034
29 Halalkalicoccus tibetensis DS127(AF435112)
YIM-ARC 0052

) 99 [ Halococeus morrhuae ATCC 17082"(X00662)
% _ Halococeus dombrowskit HAT(AJ420376)
99| E Halococeus salifodinae DSM8989(AR004877)
99 Halococeus saccharolyticus ATCC49257T(ABO04876)
Natronobacterium gregoryi NCIMB2189"(D87970)

YIM-ARC 0032
YIM-ARC (036

YIM-ARC G037
YIM-ARC 0051
Natronococcus oceultus NCMB 21927(728378)

Halobiforma haloterrestris 1357 (AF333760)
Natronococeus amylolyticus Ah-36"(D43628)

YIM-ARC 0050
Natrialba asietica 172P17(D14123)

YIM-ARC 0035

Natronorubrum bangense A337(Y 14028)
Haloterrigena turkmenica VKM B-1734"(AB004878)
86 Natrinema pellirubrium NCIMB 7867 (AJ002947)
Halobacterium salinarum DSM 671T(M38280)
M hungatei DSM 864"(M60880)

57

T7

99
50

i
0.02

Bl 1 AT 165 rRNA BT MR 11 Bhifanmgih d 8 Raik e

BEBIEAETERAGOARR, SRR TRFARANESR, BR
SEMSAT EiE EEAMTOREE A SR, 0BG RETRBRE R ME RN
RIFHHEMRM, ARLRAOUT 15 WRETHEFT T 168 (RNA ZHFFIRME, REESTAH 2
EIOERATRERR, BRI EEES i BT fomrE
HHFENA —ERER.

MTMAEDREOFRERY, CRAMEDREHLSEN 1% ~10%, HEHTES
Z 0% MRAEWHREMFF R, B THFETEMERTRZIMAOMILEN,
RABAE AR, HAHE SrEst, ARBEHBEEANIAR. B
EMPRBEROT L, BABRE KRB TERETENEEE,
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