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AT BTH SRAP B H4FIC, BT SRAPARIC EE RS
ORFs #7914, BB TV MER E5RABMMAXE. —H @,
SRAP #7iC3R Fil PCR 3%, A 76 B4R RFLP ARiC B B R R 4
FERRG M B B DNA Ffi RS RO R, W0 T X s i
BB EHER, B GRS THERBEARNBESES
HEHRE ; B — ., SRAP $RiC LA TR RAPD.SSR HRic AR+
/KR A D YA TR, WATFR AFLP R
REPTHAMERE, BOTHAN DI HFRMKE, HE
ZREERBDERBETHT RAPD EXH B EHZHER
Bo TiRNEEN— AR SRAP t5iC I RAPD fric g HL
HSHUATS AFLP fRIC B %, B TRAXE;E A, SRAP 45
ICESERSEYE ) EFRT —RIIMAXTR. T4
HHETEIGXFR A E RN EY, SRAPHFRIEAHERT EM
{t)ﬁo

2 e R A R B R AT R, TARRY
VTR E et AR E  BEBRERTERERES .
SR RRBRNEE, 5HkFEe, R RKA SRAP 4+ Fix
Eﬁﬁlﬁﬁ:ﬁ Dl \DZ\DJ \HI \Hz \Hs \M| \Mz \Mg Ay I 1Ty Hg
ZRERTT 4. BXBIPHSTE 13~ 25 X LB HHIK
T, s XM YHA LN SN HEIH 16.666% ~
38.464% , V34 28.675% , X T SRAP tRid AL BB
H, T LLE TR RS 5 £ B/ ey,

1T SRAPtRiC XS ORFs BHATH 38, B 1 %) 3 R AR X4
PRFLRNEHE R NT MR, WRAES T MRS
KB SR iRid . B RBESE M ERA0EHA, 7,
SRAP &%:T PCR M5, B FE I B3k, B SRAP AR
MESHME, AR, 456 M 0mic, Tk E M E &R
MEMREEE. SRAPR—MFENSFIRCEAR, L%
EHEYPOME P RIIBN R, CETFEAREY EB TS
HMERMBBIE, SRAP HFiCH LB MY RS — 1
HHMIR, BASFRICHEBFTR —RERR R, LEEN
RERBEAAR , BRSNS s
HREBRETHRAEHHAR.
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2. College of Life Sciences, Zhejiang University, Hangzhou 301158, China)
Abstract : Objective: To understand the diversity of halophilic archaea and bacteria diversity and the extracellular hydrolytic enzymes diversity of
Barkol lake and Manasi lake. Methods: Water samples were collected and the phylogenetic diversity of halophilic bacteria associated with the wa-
ter was investigated. Protease, easterase, amylase, lipase and cellulase from these strains were screened. Results: 51 strains of halophilic bacte-
ria were isolated. On the basis of the homology and phylogenetic analysis of 16S rDNA, it was considered that the halophilic bacteria were identi-
fied as members of halophilic bacteria from the two lakes were related to the genera Planococcaceae, Bacillaceae, Staphylococcus, halomonadace-
ae, Salicolaceae, Pseudomonadacaeae and extremely halophilic archaea strains were identified as members of the generaHalobacteriaceae . 15 strains
produce protease, 23 strain produce esterase, 8 strains produce amylase and no strain produce lipase and cellulase. Conclusion: It was indicated
that there are abundant resource of halophilic microorganism and enzyme in Barkol lake and Manasi lake.
Key words: salt lake; halophilic bacteria; halophilic archaea; biodiversity; extracellular hydrolytic enzymes

Bk NEOR. ERNE A MSERR T . E
Bl AYReE TV ERAEENANR, A FIlE
PR R MR, CANKEEEEEARAIRKE
+, B I T 2R BEAESE N R R IR BE W BRBRBE LA B b K T BT AR 35
KRB RN — R EE AR, BB R NaCl K
13~ 15% 2 IR — KR EY , b FHAENEERN
BEL RIS, I Hh B AT A I A KB A A AT &
hRPERR

B E A FRINK B, T %48 1 585m, Bi& K3
LIS BRSO, WK B LB F ik 276 ~ 283g/L, dalE bk 5~
FLBE B3 456 ~ 463g/L” . TN 357 3 £ T ¥ W /R 2k M TG 38, £h
RS 15.8 x 10°t, BFT B = Kb 3> 1, WA R
B HEEa. AR A B E i ARG S5 18] A 7K 0 T 4% 3% 34 39
KEANERMH, R AATEHPRREEYORESEH
HHTTEOR N TEXN BB R B RE,
ASAT ff 2 B 3 B R I A 1 B P S i A D O B REE DL R B e
B Eittt, ZEREVRBTARETNELEYRRE,

1 BR5FH%
1.1 ##
1.1.1 HERE

2005 4F 6 A SR EFH A E B b ¥ (920437 ~ 92°52°
R ,43°36° ~ 43°42° AL 4 ) K #E 2 0 T B 44 37 25 99 (85°37 ~
86°16° 42,4537 ~ 45°55 ALk ) K3 I, ERRERF BT
ACBEALRFF  BIEL B E S BF B,
1.1.2 &7

Casamino acids, Yeast extract, 8 H £ H BD /A &), Protease -
peptone no.3 ¥ 8 Difco A7 . KCL.MgS0, *7 H, 0.FeSO, -7 H, 0.
MnSO, - H, 0.NaCl.CaCl, *2H, 0, NaHCO, .FeCl; . KH, PO, (#7188
P EEE SR IRE LEPEGRIRL S TREMEE.B
FRAERPUE LA T, U ERAS o, Bigs
P eI TR B EAN,
1.1.3 X%

BE KRB0 A2 SANYO; 3M s #4445 I8 T 4% 45 ; BP2100S
B TR BE# % R0 HL0 Eppendorf 23 & 5417R %4 ; #1 3k
{4 Bio - Rad 2\ & * POWERPAC300 ¥ ; PCR {{ & MJ =49
PTC - 100 ¥,
1.1.4 353

® CM 335 H (JL): Casamino acids 7. 50g, Yeast extract
10.00g,Na; — citrate 3. 00g, KCl 2. 00g, MgS0, *7 H,0 20. 00g,
FeSO, *7 H,0 0.05g, NaCl 200.00g, pH 7.2,

@ HM (/L) (Ventosa, et al., 1982) :NaCl 100.0g,KCl

BrAN B :2007 - 03 - 02; 8 5] B 1§ :2007 - 03 - 26

R LTE : EF 973" H Y8 (2004CBT19604 - 3); EXR AR $ % 5
I 8 ¥t 8 (30670048 )

FERMAT FHBERH (1982 - ), &, Wk 4k, Rk Oy 17 . M2  HE A S
HAR,E - mail: guxiaoying82 @ hotmail. com; * MiR/E ¥ : FFE(1949 - )
B,/ L%, 812, Te: 0991 - 8581106, E — mail: guanli @ xju. edu. cno

2.0g, MgS0, + 7H,0 1. 0g, CaCl, - 2H,0 0. 36g, NaHCO; 0. 06g,
FeCly; Tr, Protease - peptone no.3 5.0g, Yeast extract 10.0g, Glucose
1.0g,pH 7.2 ~7.4,

@ APA 3373 (/L) : NaQl 20. Og, KH, PO, 2. 0g, MgSO, *
7H,0 1.0g, Protease — peptone no.3 5.0g, Yeast extract, 5. 0g, Glu-
cose 1.0g,Na,CO; 10.00g, FrH7,Nay CO, SRS KE, F
BEREF] S5C/HES. pH9.5~ 10,

1.2 ##
1.2.1 HEHRAIES5EE

JKEELZ: 0.45pm 1 0. 220m ST 8, SRAR N A WK% 3%
EBGISE, BERBRA TR, 37CHBIEFHE S~ 144,
ZREVNRAL  AEERBAEYE, AHRAREEEE 4T
MEMEYE sockKbEE,

1.2.2 WBHEFIRIRBE BRI

FEOMJENE. AAEXN. IR BB
KRR RN R, 4 RABIRE T (1%) T BN
B (1%) BHEEFEEN0.4%)" iR - 60(1%).3 -
TEHREME(%)EAEY. HEKEAMNABERRE, 85
— B Et A e MR E = A,

1.2.3 K4S DNA #I

RFEELL Y DNA DB S EB s:, 8% B0 4001
XK B 40 , 100°C 4L B 10min,

1.2.4 PCR{y 1%

BEERN AR EERS Y, HE:

L#¥:5 - ATT CCG GIT GAT CCT GC-3’;

T##:5 - AGG AGG TGA TCC AGC CGC AG -3’

M

E#¥:5" - AGA GTT TGA TCC TGG CIC AG-3’;

T##:5° -~ ACG GHT ACC TTG TTA CGA CIT-3’

PCR M %% 4 50,4 R iR R 33 PG EFR; A 4. 95C,
308318 K :50°C ,45s; FE# . 72°C, 1min,,

1.2.5 REXEFRBOWE

W BT B AR AR BT AT B8R A9 16S tDNA 31 5 M GenBank %
$ERE R RIB RO VB ER B 16S tDNA %), R A Clustal W 34347
FEFIHST, SR EF A MEGA 3.1 34T FEFI 4040, S TR
AR PAE B EERHRE R A, B SE N SN RE, &
TREER, RAMSEE (N - T, Neighbor Joining) I E R
{‘tmo
2 RS9
2.1 MR EELTHEEPAELEGS S

BETEERANER, SHAEENARESREE
KA FREES ORI DR B R 4 JUsE 3%, 1B 3 51 A,
HARAHRE 5318 28 #R (4854 MNS1 ~ MNS28) , B & 31 314348 23
B (%54 BLKI ~ BLK23) . T REREEE Y 35 3%, IR iB tE i i
16 %,

B TR — RIS 2~ 3do PR LB H
HEIRERRLE UL 6E HaehE:, FELK 3~5d, FF
BHEEEAMEREREPRIRCRAG, EXRLE
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FBITHBEIM

A TREEHE, BIEPERK 1~ 2d, FREFTEK 2~4d,
2.2 Mk LFHATESLE 165 DNA F 7L R K &
SHEEH

& PCR P ARG L5 R 1 BTH 1 16S tDNA [F515 M Gene-
Bank ¥{4% FE b iRBBUPEEL B 16S 1DNA FFFI#EIT LT, & BLAT
BRI S %kETH 13 %8B T Bacili ( Planococea . Bacillaceae .
Staphylococcaceae = 7~ J& ), 20 ¥k B /8 T Gammaproteobacteria
( Halomonadaceae .  Staphylococcaceae % A~ &), 16 % # & T
Halobacteria ( Halobacteriaceae — 1~ J& ), 2 P B /& Alphapro-
teobacteria( Pseudomonadacaeae — T &)(F 1), HP, L 25% @&
R B FF 548 B AR HE AR 100% BYAR LU . 40% BBk 1 IF
S AR KPR HE R 99% BRI LIME, 35% B Bk M P 51 5
%1 BERMNDAFEREHEPRELERPNRES S

RIRIER HE R ER A 98% ~ 96% K HH i . B4 Bk BLK7.BLKS.
BLK9. BLK10. BLK11. BLK12, BLK13. BLK14, BLKIS. BIK16.
BLK19 .MNS2 . MNS10. MNS13 \MNS20, 3% 15 #k 5 B K R RbAY 16S
rDNA F51H 96% ~ 98% BIHELIE . H ', MNSI0 5 Halovibrio
denitrificans A 96% , BILK7 5 Halomonas campaniensis % 96% ,
BLK8 #1 BLK14 5 Halomonas boliviensis 3 97% , BLK19 55 Halot-
errigena  thermotolerans X 97%, BLK10. BLKI2. BLKI3 5
Halomonas campisalis 3 97% ~ 98% ,BLK9 5 Bacillus vietnamensis
4 98% ,BLK16 5 Planococcus citreus } 98% , BLK15 5 Bacillus
aquaemaris A 98% , BLK11 55 Haloterrigena thermotolerans X 98% ,
MNS2 5 Haloarcula hispanica X 98% ,MNS13 5 Haloarcula maris-
mortui 2} 98% ,MNS20 5 Halobacterium saccharovorum 3 98% .

Table 1 Taxonomic identification of the strains from the Barkol and Manasi salt lake

Bacili Gammaproteobacteria Alphaprotecbacteria Halobacteria
total Planococcaceae Bacillaceae Staphylococcaceae  Halomonadaceae Salicolaceae Pseudomonadacaeae Halobacteriaceae
Barkol 1 4 0 13 0 0 5 23
Manasi 0 0 8 0 7 2 11 28
Total 13 20 2 16 51

YR XSGR, AR bR BB F 51, R T R
GREW. B 1.2.3FIFRERGEE 2 R PEhA
HEZRKAHARELTEMNRLEK H M, Cammapro-
teobacteria B T ) MNS10 5 HGD3 HIi , il HGD3 & 2006 4l
RlRReystk, L ISR BATE TR FUERELE
B £ RIS HABEREAR RS F 07 F (B 1),

EEAMELW P rE LA SR T BN, B R HH
SR R PEEL T B A R T B . RIB, BT R G o
BEMEER Y BOR B K T R L A RO JORL X 4 T E AR S B
RIS T2 A B TR B E M S 2%

23 BEESETHRETRELE TH SR

ST STHRE T, - ERRIILH 26 bk, E O MY

BLKS
oo ' BLK14

79 99

36

6

100

100 L Celtvibrio ostraviensis LMG

HH 14 5%, RS ENE 8B, IR A EE o &, R4
EBMEE Ok, (k2. EEHMPHELES 619%™
B, Hb, R RS 14 bR, B SR 4 8.
LN B ER 9% 8, K, P EEETENE
28k, EHE R ENE 6 bk, S1%RIERERHR 60, R
A 28% 1 26% A B8 Bk LA 7K AR 0 Bl 4 9 0 o] 9 4 T ) B9 B
N A BHEKRNTBENEEEMNBER, Gaunapro-
teobacteria F Halobacteria PRI = BRI B PR LL R £, 2 B H 60%
1 16% R T RRRE S8 P4 P A /K e B , 3 HLARRE S W RS BE, O
EEFIVE# B, KR Bacilli BHE 3% MHEKAE = BAIRE S,
RESEATINERRE , HORAEM . T, . B THEBLLEMR
Hrm itk S B R BOR LB R R A B R

Halomonas halodenitrificans ATCC 13517 (L04942)
Halomonas alimentaria YKJ-16T (AF211860)
Halomonas pantelleriensis AAPT (X93493)

LK21, BLK6, BLK22, BLK2,

LK10, BLK7, BLK13, BLK12, Halomonas capaniensis 5AGT (AJ515365),
Halomonas capisalis ATCC 700597" (AF054286)

Halomonas desiderata FB2" (X92417)
Halomonas anticariensis FP35T (AY489405)
Halomonas muralis LMG 20969T (A1320530)

Halomonas variabilis DSM 30517(AJ306893)
Halomonas sulfidaeris Esulfide]l” (AF212204)

BLK3, BLKI, Hal Al12" (AY:

3 [ Halomonas axialensis Althf1" (AF212206)
Halomonas meridiana DSM 54257 (AJ306891)
Halomonas aquamarina DSM 301617 (AJ306888)
Halomonas boliviensis LC2"T (AU245450)
—— Halospina denitrificans HGD1-3T (DQ072719)
S10,MNS17,MNS24,MNS22,MNS23,BLK17,MNS1,MNS21,MNS26,MNS19
Halovibrio denitrificans HGD 3" (DQ07218)

87 —Pseudomonas halophila DSM 3050"(AB021383)

[ Cellvibrio fulvus NCIMB 8634" (AF448514)

194347 (AJ493683)

Desulfurella propionica U-8" (Y16942)

(Outgroup)

—
0.02

1 #38 16S (DNA FEFIHIREY Gammaphroteobacteria 430 Alphaproteobacteria R RG B B bt

},
P

3

Fig.1 Phylogenetic tree of class G bacteria and Alphap

teria based on 16S rDNA gene sequences
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Staphylococcus cohnii ATCC 493307 (AB009936)
MNS4, MNSS, MNS9, MNS14, MNS16, Staphylococcus arletae AT C 439577 (AB009933)
Staphylococcus gallinarum ATCC 355397 (D83366)
100 Staphylococcus succinus AMG-D17 (AF004220)
Staphylococcus pasteuri ATCC51 1297 (AB009944)
Staphylococcus warneri ATCC 72836"  (1.37603)
Staphylococcus epidermidis ATCC 14990" (SEU02913)
MNS3
49 P! MNs11
42 [Bacillus aquimaris TF-12" (AF483625)
414"-Bacillus vietnamensis Strain 15-1" (AB099708)
Bacillus aeolius 4-17 (AJ504797)

53

BLK9
L| ¢ BLKIS
24 Planococcus alkanoclasticus NCIMB 13489 (AF029364)
Planococcus rifietoensis M8" (AJ493659)
100 Planococcus maritimus TF-9" (AF500007)
58 BLK23
4 BLKI18

Planococcus maitriensis S17 (AJ544622)

—_{:j_GTcilibacillm halotolerans NN” (AF036922)
ey ) ) T

97 Gracilibacillus dipsosauri DSM 11125° (X82436)
Acidimicrobium ferrooxidans DSM 10331T(U75647)
(Outgroup)
0.02

2 4R 16S DNA FFSIIEE Bacilli MV RZRHH
Fig.2 Phylogenetic tree of class Bacilli based on 165 rDNA sequences

l‘— Halosimplex carlsbadense JICM 112227 (AF320480)
BLKS, MNS18, MNS2, MNS1 3.} MNSS, TMNS7, MNS15, MNS28, MNS25, Haloamla hispanica ATCC 33960" (U68541),
-—‘E—{ _'1-1 loarcula quadrata DSM 11927 (ABOlO964), Haloarcula argenitinensis arg-1' (D50849)
Haloarcula japonica TR-1" (D28872)
41 —————— Halomicrobium mukohataei NCIMB 135417 (D50850)
‘Halobacterium denitrificans ATCC 3 5960" (D14128)
F&MH l: Halobacterium meditteranei ATCC33500" (D11107)
Halogeometricum borinquense PR 3 (AF002984)
Haloterrigena saccharevitans AB14T (AY820137)
a BLK19
i 37 99 BLK11
MNS27
aloterrigena thermotolerans PR 5T (AF115478)
100 | 1001 pNST2
Haloterrigena turkmenica VKM B-17347 (AB004878)
| BLK4
100 | Halobacterium salinarum DSM 3754 (AJ496185)
Halorubrum saccharovorum JCM8865™ (U17364)
MNS20
-Halorubrum lacusprofundi JCM 88917 (U17365)
BLK20
Halorubrum distributum JCM 9100 (D63572)
Halorubrum coriense Ch2 7(1L00922)
33l "Halorubrum trapanicum NRC 340217 (X82168)
Halorubrum xinjiangense BD-17 (AY510707)

93

100

54 —Halobacterium sodomense ATCC 33755" (X82169)
Archaeoglobus fulgidus VC-16" (X05567)
(Outgroup)
—_—
0.05

3 #UR 16S (DNA FF 5B Halobacteria IR RX L B 1
Fig.3 Phylogenetic tree of class Halobacteria based on 16S rDNA gene sequences

Fo WHR Bacilli Bt K BBHFEMBEHRER YT FHME UM, X SHHRE AR, 58T E A SRR 55k BT = 1 i
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FAF IR, WAl LB S, B — SRR R et 5 /i
B, 2 BRI = 3 FhRE, 8 BRFIAS = PAFNAS. B T IXJLER
RS, BT RAER TR A%,
;2 AR BTGRP 5 BB i ch B 3R I O 5h A W P
2] b 1 fod
Table 2 Hydrolytic activity of the moderately bacteria and halophilic archae
from the Barkol and Manasi salt lake

Gemmn Lipase  Estersse Protease Cellulase Amylase total

Gammaphroteobacteria 0 10 5 17
Bacilli 6 9 20

Alphaproteobacteria 1 (] 1
Halobacteria 9 0 10
Total 26 14 48
3 itig

BLEE AT E—FHEREHEE—FHRETER
BB RE B EN AR, X v B E B (B
0.2 ~0.5mol/L) \FE B (RIBEEIKAE 0.5 ~ 2. Omol/
L) FIR S Eh il (BB bR B > 3mol/L), b, SR rELh
BAHE, BLEEANRABRAENEEHRBY A5
HR—FHEEMNMEYER. 165 DNA B FEREHETFFIIX
SREFTINERFY,F ARFFIEAEE ST ERH
R, BT EYYR TR, 165 tDNA FEFIH)
RAERTEHUEBRNERFTEREESBEEEER TN
LM, —BIAN,16S (DNA FFI IR T 98%, W LA
RFRFEH, FBENF 93% ~95%, TTLLA I B FRE
RUST ) xE S BANREM R 51 kBT R
B, A 35% BBk SR SRR BRA 96% ~ 98% HF Bl
XA AR EH N LI, H H— RN MNE,

VB L B R R TR v, vT O T AL B P B R R R
BEAT HZ . an ABSHRIREELNHREANT
WM, BREAE—TF T EHKREE BB T8 ok
FEREAT T YRR -2 AN AT I 4 P g £
BTEE YA A BB HEEE, (B H AT e iR s K R M Y
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