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B AT VR A 2003 KA, IR M 0 35 95 5 432 AR AT 35k W8 46 T 18 RO b — R p 34 rh B2 W8 AR T QHL25 A 7
JEASE A B A AL RRAE S5 A, 255 R W] QHL2SE P& U S BUE , FLE 6, B W], sy, W% EW], AR
H0~2.9 mol/L, cidi A= K #h B2 A1.45 mol/L. WU SATFFIR, #E22 [QYe & 2 BV, Sl sl HES. il A= K pHYy
8.5, Hidi ALK IR B 37 °C. 16S rtDNAJTHI| 43t 32 W« % AR 5 ER 50 MU 1R 8 ( Halomonas sp.) AT} 98%; 454 T A4
TEATAE IR AE AR AR S 4T, B0 20 DA R AR B T8 JEAT T 49 (Gammaproteobacteria) 12 & H (Oceanospirillales)
Eh MR F} (Holomonadaceae) £ ¥ MU TA & ( Holomonas) . )2 28T (TLC) &1 43471 AT A1 QHL25H P 7 A5 AH 25 ¥ ot
ST ; E OB €3E (HPLC) 5 40 BT 2, 761.7 mol/LIYNaCIyk B, DU S Ms I £ 1+ 24°436.70 mg/g (40 T ) .
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Isolation and Characteristics of a Halomonas sp. Accumulating Ectoine from
Qinghai Lake"
LIU Jian!, LI Dandan!, YANG Fang?, RUI Haochen?, SHEN Guoping? LIU Deli'"”* & ZHU Derui'->"

('Hubei Key Laboratory of Genetic Regulation and Integrative Biology, College of Life Sciences, Central China Normal University, Wuhan 430079, China)
(Medical College of Qinghai University, Xining 810016, China)

A}mm Thirty-five strains of halophiles were isolated from 20 water samples of the Qinghai Lake by a RM medium with
high salinity. The moderate halophile QHL25 was selected and studied phenotypically, physiologically and phylogenetically.
On the basis of its morphological and physiological characteristics, the isolate was round or oval-shaped, white and opaque
as a single cell or in clusters. It was a Gram-negative rod that was able to grow at the salt concentration ranging from 0 to 2.9
mol/L (an optimum of 1.45 mol/L). The optimum pH and temperature for growth were 8.5 and 37 °C respectively. Based on
the 16S rDNA gene sequence analysis, the halophile QHL25 had a 98% similarity with Halomonas sp. K1B-11. According
to its morphological, physiological and biochemical characteristics combined with the sequence analysis of the 16S rDNA,
strain QHL25 was preliminarily identified as a member of the genus Holomonas, which belonged to Oceanospirillales order of
Gammaproteobacteria class. The intracellular compatible solute of ectoine accumulated in QHL25 could be detected by thin-
layer chromatography and the content of ectoine was determined as 36.70 mg/g (cell dry weight) by high-performance liquid
chromatography in the presence of 1.7 mol/L NaCl. Fig 6, Tab 2, Ref 30
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KW — R IR (LW R, CBEmR %) . KA
WEWE AE 2 B rp SR SR R AT AR EARA AN B B
R 2 I PO R 1) 355 P T A A A AR, R A IS
MBI AT S DR, v R 8 T A S — ol 28 ol A= ) ¢
R AR A 0y A FL A A 3 A B 5 B i ) TR AL, o
AL | A VR I T 5 BRAT A ARE.

GROUPIE TR RYE 2 S e & ST INE N LN P /3
S Bl 25 0y R DR R Y S, O B R FL AR BR A IX, 1 5
AR PR ZR 44 5. LR 3 195 m, KRR, & E N
13.23~14.04 g/L ™, FCrpvieg g SR, FIT, 76 3 76 58
IR . NS S G S DX R R AR AR L st X
P2 A L DX VA5 b A, ] P A 2 o 0 T v 0 R A
FRIAR GBI TR 2 A R 181 A, 70 6T 5 U 3891 0 T P B 5 A o
B, WA AR R R ) M E ORI B AR E 5 I T )
i 30 3 S A B 3SRV R TR, AT 4 AT ) 7 VA T8 0 £ TR o i %
U, IFMIADE A2 R AE A= B AE AL RFAEZE 5168 IDNAJEA
G o B e AL S Bk B2 2 8 (TLC) /@ P #r Fil s
RO @3 (HPLC) 5 f 534 v 32 W T QHL2S Y A DY
WEEWE S Ak, LAYk — 25 O R RN 5 18 T8 g 3 TR o o 9 9
B4 HEA.

1 RS H*®

L1l #&ERIE 20094FTH A 5256 28 AT W1 20053 KA
GBS ORAT 350K W 5 A o ot B U5
1.1.2 EFERXH B RE#Y (Yeast extract) . 41 B 2K 115
(Tryptone) I T 3% [F OXOID/A & 5 7 45 R 4 . 1 %5 b5
NaCl, KCI, MgSO0,7H,0. CaCl,2H,OF1 B g 45 25 F K e 1
DLONE] G P A B AR 4 e U S AN B DNASR B ) A
TR REBEEE i st Ak MR & 430 ok B AL I ] . I3
EBEFE R A R AR AE B A ARG BRAR; 5149H
R A LA R A F G ; Taq DNAZR GG . ANTPYY
It | Fermentes/\ &) ; DU M5 IE (Ectoine) FrifE i (95%) 4T
% % FlukaZy ).
1.1.3 FENE AL AAE TR T R 4R (PHOS0, B S 90 AU 4%
J7) s R (PL203 METTLER TOLEDO/AH] ) ;5 /N
B VR B (542471, Eppendorf/y &) ) 5 PCR{Y ( Eppendorf
N HB 4k 4ifk{X (HEAL FORCE EASY/A ) ; fH %
IR (ZD-85, bifgk§ik/aw]) ; Ml F- 4 (ZHWY-100B, |
AT ;s TREAES (LR AR]) 5 7545850506
HE T (BN A R A 5 B AH 3% (Agilent
Technologies 1200 series) .
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RME; 553 (p/g L) : NaCl 50.0, JE/k MgSO0, 9.7, ¥ B R4
3.0, KCI 2.0, F5/KCaCl, 0.2, 40 H 5k 10.0, Eeilihizy
2.0, JETpH 7.5, FKRE FEIENBAL15 g, 121 CRE 15 min,
PRAEE .

JRBE E M B AR SR H (1 2 100) , 120 r/min, 37 °C
PR IRGHEFE3 d. BOR IR0 uL, R BRRA AR (11 000) ,
37 CHEBREFF, K HEEES OBAR K/ Bt J R im0y
fIE ), BRICRATE 7 S £k 2tk 3~4%, 55— IR PRI BA R 7%
B AR BT FR 38, PR 159712 h, 10%H 7, —20 CHRAFAH.
FERMIE R R 23 F WL IR TE A, SR A 424 [Q Y (ke
B R SR TR IARIE A
1.2.2 HRKEFERR fiif Ak B 150 2 2 SCHR (8] o i HE 5%
BEPR, DA% i B Fh T A R NaClk B2 46 52 (0~3.0 mol/L)
RIRME: F2 3 b, B85 34147, 150 t/min, 37 CIRZH: 57
12 b, F72253 Y656 BE T E Dgop s >RHESFISE.

ol AR KR B IR S % SCHR 8] K B AR FE D T 15 0.86
mol/L NaClf RME A 15 32 2L, 43 318 F10 °C . 15 <C, 20
°C. 25 %, 30 °C. 35 C., 37 °C.40 C.45 CigERE T, &
ANBEE3LLTAT, 150 v/mindR 5157712 h, K 55 W Deoo am
{H, SKRILFI(A.

pHEL X A K 52 ) 1) I 2 2 2 SCHR[9]: 5 & Ak B ke 422 o
FpH 3~12f1)%0.86 mol/L NaCIf{y RM A 55 35 5 v, 4586
BE3ZHFAT, 150 v/min, 37 CIRFHHTF12 h, K H Dyl
SR {A.

1.2.3 A METR e SRR ) FH 552 56 R 2 B A= )
TE S IR R DL 2 TR 7 20 % ) A (B2 R 40 7 5 2 T )
(R8N ) MO 20 T A B Ak 2 s i TR ) e R A U I

17.
1.2.4 EFEAZDNARMMIES16S -IDNARPCRY & il
53 S DNA IR 22 8 41 B 55 R 2H DN Al 4 32857 A v ie 2k

17. P HE16S tDNAZKL K {514k 40 B3 FH 514, BIIE 514
J27F: SAGAGTTTGATCATGGCTCAG3'; & [4]5 | #11492R
5'CTACGGTTACCTTGTTACGAC3™. PCRY" 14 45 1} 94 C Tl
A5 PE4 ming 94 CAEPE1 min, 55 CiB A 30s, 72 CHEAH1 min,
3ISAMEER, |5 72 CHEMHT min. DI & 204K PCR™ ¥,
A T AR T AR BRA AN .

125 HERSLZEN Rk QHL25/16S tDNAJF 1] 5
GenBank# #fi FEFEATBLASTEH X, 2R3 M RIIE#5 w5 B9 A S B
PR, TRV 25 G 5592 R PR AH DG AT 30 11 L Y T 1k 16S TDNAJT 51,
K Fi Clustalx 1.8 F#E4T Z2 ¢ 51 b X, MEGA4. 05K {444 2
ESBEi A

1.2.6 PHSMERE AT BUARAE U DU 4 85 BE (Ectoine) (145 X
Z: BESCHR [14]. R #2205 10 S g e HE1 70020 5 . LR
BW (Vg Vipg - V=75 015 :10) R )2 (KR [ E



A, AP R TS A ) X RE S EEAT 2B, AR FIE
TR KA B =R, bR o I S VR X I, 130 CHn#AS
min.

DO U WE AR v M 2k r 22 ) O AS . 25, 50, 100,
250, 500 pg/LIT U4 M8 WE BRAE SR TR SR 1 S0 TROAE e A
WU, A A 3 P51 A g T AR AR AR vl il 4. Al 25 R
5 umf¥JEclipse XDB-C18%F, i+ J&210 nm, s hZNE-K

(80:20, V/V), #i20 °C, Fi#400 bar, i # 1.0 mL/min, iz
AT H}HE] 6 min.

2 BRESH

T 15 20053 7K B v 4 5 75 3] g 6 B P W R 358K
I AL T R R, A A K R R PR R o 3 A K R
JUE, 2 RE ERAEY r Fehn e ™, AT . AR
AN KRB ER A, bR e R TR 215 62.85%, B g A
W 291522.85%, EREEL ST £ B 29,5 14.28%, KB
SRR v W8 £R TR . 38 Ao i R AR R A0 (&), 557 QHL25/Y

1.5
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0.9

DﬁOO nm
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0.04
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Bl NaCLR BT B PRQHL25AEK 152
Fig. 1 Effect of NaCl concentration on the growth of strain
QHL25
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Fig. 2 The colony morphology (A) and cell morphology (B) of
strain QHL25

AR ER B R0~2.9 mol/L, fili K Eh B A 1.45 mol/L, it £k
JEFTETZ , MAR A 25 hn i, 1 8 T P R vg R TRV g, DR e
FEQHL251E it — W 55 (AL RL. TE S AR IERF 5T (KI2-A) &
/R: QHL25TH ¥ BB S L, FLEA€, ANE, hu 2,
NGEW. BROEES 2 MR, 522 QP @ 2B, B
B HES (E12-B)

i T Mg U BE X H AR SR A 5L 5, 45 KW #E0~1.6
mol/LAYMg™ ¥ & Y Fil N, QHL2SRE R Ak 1<, Hid Kk Mg™
490.2~0.8 mol/L. 3@ i B 58 AN [ pHAI L 6 2 % QHL25 14Tk
AR, S5 R R TEpH4.5~10, 10~45 CIWIR E L
W, QHL2SH B R 4r B feif B K pHRS.5, el B K iR
& 437 C.

Z M CH LA R K T A (AR R 2 E T
Tk ) Bk R A R0 A B A ARG I S AR, X g R QHL25 5
P77 A A M I i R IR A ISR 8 (381D, REA
e B H R mE . AR AR R R BT R
i BERHRIY) . R R IR B AR LR
i TR R R 0 1 g R 5 N RE R P 2 L fA =L 3L
B ARBERE | RBE | SR 4E WE L AT E R DL LR, &
B TN 70 ST TR A Ay O — T UL %) B AR QL2514 T

xR FiEHEREQHL2SHIBREIEF HER
Table 1 Utilization of different carbon and nitrogen sources by QHL25

Wi H 4 F% Item QHL25 5 H 4 FK Item QHL25 i H & FK Item QHL25 I H 4 FK Item QHL25

L-H&A® Glycine JEFE Sucrose + D-H #& ¥ Mannose + JILEZ Creatine

L-75% % Glutamate D-% % #i Glucose + H &% HEEE Mannitol + Z. % Ethanol

L-5 25 8 Isoleucine + 75 pE Maltose + fRZ= P Rhamnose + il Acetone =
DL-#7% % Threonine Z _B% Melibiose Hi—FHE Raffinose +F HH Glycerin +
DL-tZ i Tryptophan ¥A=## Melezitose = W35 fE Trehalose + % BEHHE Y Yeast extract +
L-%% g Valine + D-}-F.B Galactose + 1%¥E Ribose - i EE A Tryptone +
L-$5Z B Lysine + F.BE Lactose = L-BiHi{#% Arabinose + JRZ Urea +
L-ZETH 5 8 Phenylalanine LI BLKERE Sorbitol + 214 —H Cellobiose B Ammonium salt +
L-Pi% B Alanine + AFERE Xylitol YA MEVER Soluble starch T4EL & Nitrate +
D-3L9% Fructose + D-AK¥E Xylose + JLEE Inositol W HHER4A Sodium nitrite

+: BEFIHAER; - AREFIHAEK +: Growth; - No growth
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Table 2 The physiological and biochemical characteristics of strain QHL25

=2 REEEQHL2SHE IR LIRFRE MR

LT H gk LT H 4R SEEGTHH EES SES T H SR
Test item Result Test item Result Test item Result Test item Result
MR YA N o T A5 : R o
MR: methyl red Ornithine hydrolase H,S test Acetate
VPRl LK AR JR %G | wERk
VP: voges proskauer Escculin hydrolyse Urease Tartrate
R JIEy-Em DNA A 35 l5 : Lt sifg +
Tryptophane Bile esculin Dnase agar Acetamide agar
PP g A ENEIR IR o ARWEII S 57 : HIEIREIR 2
Dulcitol semisolid Phenylalanine deaminase Xylose gelatin liquefaction Gluconate
Wt L | prnmEEAR LR .| Sz
Malonate ONPG test Oxidase test SIM indol medium
SRR R L | e i | st )
Lysine hydrolase Gelatin liquefaction Ammonium dextrose SIM power medium
MR RK AR .| maciems .| 3% Naci=heex | mmmea
Arginine hydrolase Phenol red dextrose broth 3% TSI Agar Glucose aerosis
1% NaCl-Glcj= S, ND 6.5% NaCli7 + pH 9.6 Glc % = 40%JB7t A r
1% NaCl-glucose aerosis 6.5% NacCl broth pH 9.6 glucose broth 40% Bile broth
TR Eh A B IR sl IR # : TR <
Nitrate broth Power nitrate Buffered power nitrate Nitrate aerosis
VU5 IRAT R IR LPRIR £ HEWIR : I ER PR N
Simmons citrate sodium Sodium hipprate Galactaric acid Halophilic test

+: ;- BT +: Positive; -: Negative
40T A B A AL 48 A3 19 S 8 (R2) , HA QHL25fY FH L 413K
5. VPIRES, p-2F ZUBE T B 50 . BRGS0 . SRt . IR
EN N R R NN LTS AN v R iRl By e bl YA =
ALBEH G0 P L AT HLS | e Eh MR B BHPE. 255 16S rDNARKY)
I3 FUEE, W1 AE QHL25S: & T L M 18 )& ( Halomonas) .
213] IDNAGF LU EE RG L
ﬁ%QHLst@%@EDNA%ﬁﬁ, e Bh
YI#EAT16S rDNA PCRY™ 1, 7E1.5 kKbAb A — 45 5f Sk 2%l (&
3). Zlifk16S rDNARYPCRY ™4y, JFBEATIF I E . S5/ %
B, 1E R QHL25416S rDNAK /N1 441 bp, GenBankff) %
K45 HIN648705.
7E GenBank $EATBLASTLEL X3 47, 25 R R W] 5 B bk
QHL25#)16S rDNA 7 5| A1 BL14: 5% 155 W) /& Halomonas sp. (No.

FJ889578) , iKF98%. 1k HLARE 751, i Clustalx1.81F 47 ¢ 51
bp M QHL25

K3 bk QHL25( 168 rDNAB S 4 HL Uk /B
Fig. 3 The analysis of 16S rDNA from strain QHL25 by agarose
gel electrophoresis
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FEX 54T, FEHIMEGA 405ty il R 58 & B M (1E14) , I
SEA B S A AR ARRRAE , 025 6 QHL25 55 5k 5 i 14 [+
TR, 2N Ry JEAT B4 (Gammaproteobacteria ) 1 2
B H (Oceanospirillales) 35 8. Jfg i #l (Holomonadaceae) £h
M J& (Holomonas) .

B

£ 1.7 mol/LINaCIV Ji F 15 7% QHL2S R bk, £ B i il
i P g D s i, R R g e S AT R A S, AR
W (Vi - Vipgg 0 Vee= 75 015 010) RJRJZW (LK [ E
FH, A HLEE R R i 2l A ) X RE S H#EAT 4B, WA R D IR
TR KA B R, b o i DY S0 BE VR X R, 130 Gk
min. TR K0.31, 55 bR il U A e — 2 (FS) .

AR A5 A HPLC 3, 76 JE 4T HPLCA I B, s
QHL25 4 Jfy £ JCW) i B 4065 HE B, 75 3] 1) D 2 % 02 b o
FIQHL2SZH ify 42 By U HPLCI 3 , 4% Stk /s 0 0 138 I s e
B A H S IR 18] >4 1.237 min (E6-A) , QHL254 i 45 By iy
W sf 8] 7 1.235 min ([816-B) , W3 0 T2 5 A1 T HE e 1o (1] 35
— 3, UL QHL25ML P & A U U5 e . AR AN (] v 32 1
WE AR i HPLC % ] 174 e T FEURITIR JEE AE Ao 26, p=12.82x—
35.27(R=0.99) . Z315 4551 : 7£1.7 mol/LAYNaClif i T, i
I T QHL25 L A 114 DU S M W 3% 1t 4936.70 mg/g (4 T3 ) .

3 g5
FERZHP LG AT, DS LE (Ectoine, 1,4,5,6-1

A -2-HE-4-BEUER R ) 2 E R AR R Z—, hTH
FUA AR, afi LA AR A 7 ke A . Bt i 5 &

l|



63 X %

76 ,_70 QHL25 (JN648705)
B '~ Halomonas sp. (FI889578)
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33 —— Halomonas hydrothermalis (JN195791)
Halomonas andesensis (EF622233)
100 78 Halomonas alkaliphila (JE710970)
Halomonas variabilis (AF173968)
2 97 _‘:H alomonas tacheungii (EU652039)
82 Halomonas neptunia (NR_027218)
Halomonas nitritophilus (AJ309564)
Halomonas alimentaria (EF517969)

Chromohalobacter sp. (FJ463811)

100 Chromohalobacter salexigens (GU172149)

75 4|——Chromohalobacter canadensis (AF211186)
99 Chromohalobacter nigrandesensis (NR_042011)
0.01

K4 TERQHL2S K T m i R 48 R B
Fig. 4 Phylogenetic tree of strain QHL2S5 and related species based on 16S rDNA

B, VU E AT LARRE K AR B KRS 2, (R4 . DNA
SEAEMIR O T AN S FY, T B A AR PTR R L TRL

=R
Ectoine

(15 TRk QHIL25H P Y & s g )22 (0,35
Fig. 5 Analysis of ectoine in Holomonas sp. QHL25 by TLC
L ofls i P SO E V) B 2 TR QHL2S5 SRR (1Y I S A W R & S B R
1: standard ectoine was used as control; 2: ectoine and other amid acids in
Holomonas sp. QHL25

W A O AR R R R R A S, DRI AR R R | 24
A H it 45 D T ks R 7 R SR A B E G, g
SENE S LN i ectA BCE. 2 Marinococcus halophilus ™
Halomonas elongata ", Chromohalobacter salexigens *",
Bacillus pasteurii ¥, Halobacillus dabanensis D-8"
Methylomicrobium alcaliphilum 20Z ®* | Nesterenkonia halobia
DSM 20541 45 J& il i ol 2y o B 3 A 3 R R
R 25 M Hp BE g R TR R /D I £ R E A DY S e D T
MR, W W Brevibacterium, Bacillus, Streptomyces .
Methylomicrobium. Ectothiorhodospira. Halomonas .
Chromohalobacter. Vibrio. Salinivibrio. Halobacillus.
MarinococcusS5 J&Fl, Y BEAG I 4 DU 005 WE F) 77 7. L H2
Halomonasg ™, JLF-T A FhARGENS A R0 S e, JH1EN
24 B 1 2 SBEAR 5 A . 6T DU UM 1 5 ORI AT, £
A PP TR O 08 M 1 A A D5 T DY S E 1Y BB S

= v
400| A XS 250 a
350 200 -
300 150‘
E 250 %
S 200 S 100;
150 ]
100 501 E
o [32) )
50 § - 0 -
0 ht
05 1 I's 2 25 Mn 05 1 15 2 25 Mn
t/min t/min

6 HPLCKS I /U M nE AR (A) FIQHL254A iy 42 ) (B)

Fig. 6 HPLC spectra of standard ectoine (A) and QHL25 cell extraction (B)
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W AENE R BRI (Marinococcus halophilus) . [IlA= 8RB
(Vibrio. costicola) . ThBA M E J& ( Halomonas) I 2 HF Hi &
(Bacillus) % Z R E Y PR E 2L I, B85 TR 9%

FIE T 52 fe 2 R R PR 0 S g R R K Y TR AR, X T TR

37 A 5 5L A A o T S o g SO

253 1 N 2045 KB T, i R 4 S 1D 3SRk ME Eh AR )

Hordr g b 5 5 62.85%, AR AR AP M 15K, nQHL25, A=

K38 EE R 0~2.9 mol/L, fid A= £ FF 41.45 mol/L, ik 7 [

eIz, WS R AT R BR IR BT A5 AR A5G, 7568 W 8 P9 B

W], SRAATE, 2K, AKARER EH13.23~14.04 g/L, pHIA

TER.5~9.2Z [A], foft 2B Wy Az ¥ AE Ak 38 7 P RN i PR B % AR 2R

VU & 1% E B PR 0 L TR QHL253E 47 B 75 2 A A # A AL 4R 1iE

Y, 4546168 IDNAKE , W1 e % R R E T2 AT A4
(Gammaproteobacteria) i FEI2  H (Oceanospirillales) £h 8

i B (Holomonadaceae) £ B i J& ( Holomonas) , {H Ak fig

Y E B R, TTRESETEAEHT RN, B 2 E T (TLC) Fm AL

WA @3 (HPLC) 52 1R FIE B 43#r v B2 g £ 78 QHIL2 5 P

FMEE ) . 7£ 1.7 mol/LAYNaCIE T, PA#HE QHL25M Py 1Y

DY S W BE £ 10 36.70 mg/g (HMI T ) . BFSE i — D4R

TG B DU S E LA A% 1 | W8 R TR Y g R ALk N g R S R

i ectABCI 45 B4 7 R S 1) BE Al

1 Wang KR (E§L%€), Zhang ST GK# %), Li SH (2=/0%%), Sang XX (&
/NE), Bai LH (FA#(%). Osmotolerance property and mechanism of a
moderately halophilic bacterium Halomonas sp. NY-011. Chin J Appl
Environ Biol (B 15 ¥R 35 A= ) 2#410), 2010, 16 (2): 256~260

2 Zhang BS B & 8l), Yang LF (#4L &), Wang L (£7), Lu WD (5 %),
Yang SS (# 5 ). Study progress on compatible solutes in moderately
halophilic bacteria. Acta Microbiol Sin (f{=¥12%4Rk), 2007, 47 (5):
937~941

3 Zhou XH (JH/E4E), Wu M (2££#). Phylogenetic analysis of twenty-six
halophiles from Zhoushan Islands. Mod Agricl Sci (BRAC A4 Fl%2),
2009, 16 (4): 44~45

4 Zhang EL (3K B #), Shen J (JL7%), Wang SM (E 7 E), Yin Y (F ),
Zhu YX (RE #7), Xia WL (5 B jx). Quantitative reconstruction of
Qinghai Lake salinity during the past 0.9 ka. Chin Sci Bull (F} 2@ 4}%),
2004, 49 (7): 697~701

5 Tohty T (il i FF/R-4E-F48), WM HL (Xu QL), BIRFFHL (Murtiza),
I ZE I (Rizwangul), IS H (Amangul), 2818 (Ji T), #1015
X (Diluz). Physiological and biochemical characteristics of halophilic
archaea isolated from Lop Nur surrounding region in Xinjiang and gene
sequence of 16S rRNA, China. Biotechnology (=¥ &), 2009, 19 (5):
16~20

US4 Chin J Appl Environ Biol

http://www.cibj.com/

11

12

13

14

16

18

Chen ZL (Jf#55%), Fu YN ({3 4#), Jiang WY (Z£5FT5), Chen RZ (%
2 1), Characterization of the ectC gene and its expression product in
Halomonas sp. Nj223 from Antarctica deep-sea sediment. Acta Microbiol
Sin (EE Y2 4H), 2007, 47 (2): 363~365

Cui CX (# F %), Dai MX (#3E%), Xia ZJ (H :&7#). Phylogenetic
diversity of endophytic moderately halophilic bacteria isolated from
Suaeda salsa L. Microbiol Bull (f#{ 4=4)2#38 4i2), 2010, 37 (2): 204~210
Ron U, Masahiro K. Alkalibacillus silvisoli sp. nov, an alkaliphilic
moderate halophile isolated from non-saline forest soil in Japan. Int J
Syst Evol Micr, 2007, 57 (1): 770~774
Zhang XM (K I #§), Dou WF (3 35), Xu HY (FikbH), Xu ZH
(FIE7%). Identification of a lipase producing halophilic strain and its
halophilic mechanism. Chin J Appl Environ Biol (5 1 5355 4E 9124 4R),
2010, 16 (1): 100~103

Dong XZ (£ % ), Cai MY (##p3L). Identification of common
bacterial system manual. Beijing: Science Press (L 5: B} H ftt),
2001. 53~364

Buchanan RE, Gibans NE. Bergey’s Manual of Systemaic Bacteriology
(Version 8). Beijing: Science Press (At &L: Bl2# Hifitl), 1984

Xie Y (%), Lin LB (#i% £%), Ji XL (FFH ), Wei YL (BLzHh).
Isolation and 16S rRNA gene sequence analysis of a thermotolerant
halophilic bacterium. Microbiol Bull (ff =4+ 2), 2008, 35 (2):
166~170

Liu XG (X18%), Zhang J (BKZR). 73 T LW 48R . Beijing:
Peking University Medical Press (4t &0 AL 5T K24 BE 24 i lA), 2007
Zhou YH (J8 H %), Zhang LH (5k%4£), Wang F (£ &) Shinichi N
(k H#k—), Wang YJ (Fiz 7). Study on the ectoine synthesis with
moderately halobacterium SL21. J Henan Univ Technol (i 7 Tl K2
24410, 2006, 27 (2): 81~85

Chao WJ (¥ T%2), Shen P (JL##), Li ZY (Z=WIMH). W44,
Wuhan: Wuhan University Press @ #I0 K22 H kL), 2004. 1~19
He J (fifilt), Wang T (FE##), Sun JQ (Fh424%), Gu LF (Bisr4), Li
SP (Z=)lii ). Isolation and characteristic of a moderately halophilic
bacterium accumulated ectoine as main compatible solute. Acta
Microbiol Sin (W A=W 41), 2005, 45 (6): 427~431

Fu YN (f#4#), Chen ZL (£ :55%), Jiang WY (Z£FfF7), Chen RZ
(K5 2% i8.). Tsolation and characteristic of a moderately halophilic
bacterium NJS2 accumulated ectoine from antarctica deep sea
sediment. J Xiamen Univ (JE [ ] K24 244), 2008, 47 (3): 4~6

Louis P, Galinski EA. Characterization of genes for the biosynthesis
of the compatible solute ectoine from Marinococcus halophilus and
osmoregulated expression in Escherichia coli. Microbiology, 1997, 143:
1141~1149

Goller K, Ofer A, Galinski EA. Construction and characterization of



20

21

22

23

24

a NaCl-sensitive mutant of Halomonas elongata impaired in ectoine
biosynthesis. Fems Microbiol Lett, 1998, 161 (2): 293~300

Canovas D, Vargas C, Calderon MI, Ventosa A, Nieto JJ.
Characterization of the genes for the biosynthesis of the compatible
solute ectoine in the moderately halophilic bacterium Halomonas
elongata DSM 3043. Syst Appl Microbiol, 1998, 21 (4): 487~497
Kuhlmann AU, Bremer E. Osmotically regulated synthesis of the
compatible solute ectoine in Bacillus pasteurii and related Bacillus spp.
Appl Environ Microb, 2002, 68 (2): 772~783

Zhao BS, Lu WD, Yang LF, Zhang B, Wang L, Yang SS. Cloning and
characterization of the genes for biosynthesis of the compatible solute
ectoine in the moderately halophilic bacterium Halobacillus dabanensis
D-8". Curr Microbiol, 2006, 53: 183~188

Reshetnikov AS, Khmelenina VN, Trotsenko YA. Characterization
of the ectoine biosynthesis genes of haloalkalotolerant obligate
methanotroph “Methylomicrobium alcaliphilum 20Z”. Arch Microbiol,
2006, 184: 286~297

Zhang B, Bao X, Wang L, Yang SS. Cloning and characterization of
the gene cluster for biosynthesis of ectione from Nesterenkonia halobia

DSM 20541. J Microbiol, 2008, 46 (3): 309~318

634

X A

25

26

27

28

29

30

Zhu DC (Ri# ), Liu XR (X 75 %¢€). Compatible solutes ectione and
its derivate hydroxyectoine. Chin Biotechnol (W [E A% TFEZ%),
2011, 31 (2): 95~101

Thomas S, Galinski EA. Bacterial milking: a novel bioprocess for
production of compatible solutes. Biotechnol Bioeng, 1998, 57 (3):
306~313

Frings E, Kunte HJ, Galinski EA. Compatible solutes in representatives
of the genera Brevibacterium and Corynebacterium: Occurrence of
tetrahydropyrimidines and glutamine. FEMS Microbiol Lett, 1993, 109
(1): 25~32

Galinski EA, Triiper HG. Microbial behaviour in salt-stressed
ecosystems. FEMS Microbiol Rev, 1994, 15 (2/3): 95~108

Severin J, Wohlfarth A, Galinski EA. The predominant role of recently
discovered tetrahydropyrimidines for the osmoadaptation of halophilic
eubacteria. J Gen Microbiol, 1992, 138 (8): 1629~1638

Zheng X (FRWT), Ma H (B 4T), Yan XW (& & ), Zhang LH (3k%5
1£). Ectoine synthesis and release under osmotic shock in Halomonas
venusta DSM4743. Microbiol Bull (f{4:¥)5# k), 2010, 37 (7):

1090~1096

1055

http://www.cibj.com/

Chin J Appl Environ Biol [ ]S54 1244k



