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B OE:AFRVIARAETHFERSRRRE, ZAKKTEAEHKE CO° . HCO; f= Na™h 2
EHM LY, RAMELEZE. 5K, ATTE, FRZEAREMHFARTAATR Y.
[BW) A% AHA KT mid S HEBFARFTRE, LETHARGHEDF. [ %] KA llumina
M F 16S rRNA B V3-V4 R 5 A7 4UA 3Rt B 09 BE K LE M2 AR, . AT S AR MARAE, KRR sz R
ik BTRAME, WA BAKRSTEFHAA. AREBREFBRIE ), FENESBA/KD A
“Z 7% (ectoine). |k L BR (3-indoleacetic acid, IAA)F=jtL o) 3K &4 (extracellular polymeric substances,
EPS)#y A2 %% . [ 4 £ 1 lllumina N5 80 7 o Kbl eg a4 21 17 44 40 86 B 583 &, HPie%01]
£ B2 % H H 1 (Proteobacteria, 25.11%—67.60%). #\4F & I1(Bacteroidetes, 4.84%—35.02%)%= /3 &
B T(Firmicutes, 1.24%—11.01%), k% 8 £ # 2 % & 18 K. # /& (Klebsiella, 0.01%-9.53%). ®#EH
J& (Halomonas, 0.54%-8.75%) . * % J& # /& (Gemmatimonas, 2.39%—6.00%) #= i J & & # /&
(Nitriliruptor, 1.27%—6.26%). #b3&7xik ik 3RAT°% ol 38 #x, H F ¥ 74T # /& (Bacillus) 23 #&
(60.53%) A= 2k % Jitn 14 /& (Halomonas) 10 #£(26.32%), H #k3¥EA & 3 s An 7= BR 48 77 (19.80%—29.68%).
X % AR I SEE TAA A= EPS, F Z5LE 45 4 1.36-175.59.0.27-8.69 F= 0.02-0.22 g/g.
(4] AR @ABEELEMNS L R BG4, BFEXERVA>EFZ N EE, o
BE RS B AR T BRI, A, ERI4 MRS AE F W EER. 3 AR IR LB AR 3 A
RN RSB A B, AR IR AMAE D TR G L AR B2 T A,
XA AAAH;, @B AN, FEENF; ARRE, REAKEYD
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Bacterial diversity and growth characteristics of isolates from
Zabuye Lake, Xizang

TAO Yujie', SHU Zhiwan', GUO Min', GAO Xiang', WANG Rong', SHEN Guoping',
HAN Rui’, ZHU Derui’'

1 Research Center of Basic Medical Sciences, Medical College, Qinghai University, Xining 810016,
Qinghai, China

2 Qinghai Province Key Laboratory of Vegetable Genetics and Physiology, Academy of Agriculture and Forestry,
Qinghai University, Xining 810016, Qinghai, China

Abstract: [Background] Zabuye Lake located in the Qinghai-Xizang Plateau in China is
characterized by high concentrations of COs>", HCO; ™, and Na'. Due to the alpine climate, high
altitude, and the location off the beaten track, few studies have been conducted on the
microorganisms of Zabuye Lake. [Objective] To systematically explore the bacterial diversity
and mine valuable strains in Zabuye Lake. [Methods] Illumina sequencing of the 16S rRNA
gene V3-V4 region was carried out to analyze the bacterial community structure and diversity
in Zabuye Lake. The pure culture method was used to isolate the culturable bacterial strains, and
the taxonomic status, growth characteristics, and alkali-degrading capacity of the isolates were
determined. Furthermore, the accumulation of ectoine, indole acetic acid (IAA), and
extracellular polymeric substances (EPS) was determined for the isolates. [Results] Illumina
sequencing yielded 583 genera of bacteria belonging to 86 orders, 44 classes, and 21 phyla. The
dominant phyla were Proteobacteria (25.11%67.60%), Bacteroidetes (4.84%—-35.02%), and
Firmicutes (1.24%-11.01%), and the dominant genera were Klebsiella (0.01%-9.53%),
Halomonas (0.54%—8.75%), Gemmatimonas (2.39%—6.00%), and Nitriliruptor (1.27%—-6.26%).
A total of 38 strains of haloalkaliphilic bacteria were isolated, including 23 (60.53%) strains of
Bacillus and 10 (26.32%) strains of Halomonas. All the strains showed salinity tolerance and
alkali-degrading capacity (19.80%-29.68%). Most strains were able to accumulate ectoine,
IAA, and EPS with the yields of 1.36-175.59 mg/L, 0.27-8.69 mg/L, and 0.02-0.22 g/g,
respectively. [Conclusion] The bacterial community structure of Zabuye Lake is similar to that
of other saline lakes, while there are a large number of undefined bacteria taxa. Most of the
strains isolated from Zabuye Lake have salinity tolerance and alkali-degrading capacity. In
addition, 4, 3, and 3 potential strains for the efficient production of ectoine, IAA, and EPS,
respectively, were identified. This study lays a foundation for the development and utilization of
microbial resources and saline environment improvement in Zabuye Lake.

Keywords: Zabuye Lake; bacterial diversity; high-throughput sequencing; pure culture method;
secondary metabolites

RO SRR NI, JE T ARERAUER WA, L1 F 290 g/L) . HERERER I (ELEE 80290 g/L) A5
KR E S COs> . HCOs Fl Na™h B # 4  BRIRER AL IE 1-80 g/L)2 HFYE F N4> i
FEM, FEERIAUEE 3 Fh . ERIRERAIGRIE R W AR ME R AL, W VEPESF A Eras
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Lake (& & i e B2 SR AL W) B R £6) . Altillo
Chica Lake (& & Mg*", #hJ¥ 200-300 g/L). EI
JE 1) Sambhar Salt Lake (& % Na 1 C1")F13€ [
) Mono Lake (hJ& 90 g/L, pH 9.8)%071 #h
BRI A= 45 v G S, 22 ol e R TR A ) (L 4 TR
. HREAEEESE), ATRES SR ek
R 25 FE S0 R ) TG IR, SCRkSE A oy
Mrigos, R H R 20 T2IEHT
(Proteobacteria) . JEEERE [ ] (Firmicutes), U
"] (Bacteroidetes) [z it 4k i | ] (Actinobacteria); 11
PR BT JE (Alkalibacillus) . £ 20 i 7
J& (Halomonas) } £ 21 1% J& (Halorubrum) 2§, {H
PRIAS [ Eh 801 i K A 2 R AR 25 5, 45 2R IR
Xt 2 B n] RE A AE 22
FLATHIERBRII(83°57'—84°15E, 31°27'-31°34'N)
LT e it v e H v DU DX, b Ak R SE L g
s ag, KRS AL HRAT . SR L B
SN TR SRIATE (1L B 243-396 g/L,
pH 9.0-9.5)"*1, Zheng! 5 - X FL A7 HB A 6 18
A B S AT IR OT , IR R K E IR T
K RIRERAT IS AIIE AR 358 ; Zhang 251
i 126 3 —FK BE o RU o7 - 7 W T SR T 1)
B8 2 LA I BG-CS10;5 Xue 251 Fan 25
R 43 i) s 26 $R A5 W ER T P PG S kA sk
(Halalkalicoccus tibetensis) 1 74 ji #h 21 &
(Halorubrum tibetense), iX 2 # & 78 £h 4T FHE
BT — AR B R . BRT, W ARFLATER
ARG A 0 1 2 AR R BRI N T Y R G5
X, BRRRGIR . BT, AR5
FLAT HRER T A AT G, 15 By ey 12 D0y vk
Sl IR, R A S8 7R FLAT HB R B 40 o 4 i 2
FEME 5 BRALARAE , O 07 1 mT i R R DU L s
(ectoine), Mj|WgZ TR (3-indoleacetic acid, TAA)FI
I 4h 2 & ¥ (extracellular polymeric substances,
EPS)S b4 LA K A 77 R BB 7 1V 1 R Bk

O Ji 2 R BRI T 240 T B DA P 2 - A OM) TR
&%,

1 MHET%

1.1 #8
1.1.1 #Mm

2019 4F 7 H HaRAEF AT HRIHI(83°57'-84°15'E,
31°27'-31°34'N) TR FE A 2L 4 4~ B Zb1
(83°98'E, 31°35'N) . Zb2 (83°95'E, 31°29'N) , Zb3
(84°01'E, 31°26'N)Fll Zb4 (84°06'E, 31°32'N), ¥4
MORZS , B FESEIEE>100 m, ¥4k 4379 m, K
FEVREE R 10-25 em, JREZY 19.3 °C, HEA ST
ittAE T 4 CCHRIKAE, A e % 25 .

1.1.2 FERXFTIANEE

NaCl Z553tfrali, KA/ AH]; Tag DNA
B4 MF, Thermo Scientific 23] ; A 4L
Hi5f) &5, TransGen Biotech 22 H] 5 0.22 um 5 fi
PEERR 4 4B, BRw /v v, PCR {Y, Bio-Rad
Nl MiSeq &40, Ilumina 23 75 = SCRAH (G,
7 (high performance liquid chromatography,
HPLC), ZHERAF],

1.2 BUMERNE

RIGFE S A B FARIES B (Na", K, Ca™',
Mg”" . CI™.SO4* . CO5* I HCO; ) Fli L (total
salinity, TS)ME R F & F @i i,
RS THARNR 55 A R w58 .

1.3 SEESWHEHEZSHMN

KA 0.22 pm TGRS R 2T 2 B B2 g
4 NFESD, TR BTRRIERR, SR 2 54
Bt e vl B 5 R UL R 4 DNA, FF40#1 DNA
Al B AR 16S tRNA R 5[ #) 341F (5'-AC
TCCTACGGGAGGCAGCA-3")Hil 805R (5'-GGA
CTACHVGGGTWTCTAAT-3")#17 V3-V4 X JF
G948, PCR WA R (50 pL): 2xPCR Mix
25 uL, DNA #&#(10-20 ng/uL) 1 pL, . T
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5]#)(10 pmol/L)4% 2 uL, ddH,0 20 uL. PCR J
N2 94 °C 5 min; 94°C30s, 55°C30s,
72 °C 1 min, 35 MEH; 72 °C 7 min, {HHZOE
FETE RGN PCR 7Y, A TAY TR(EE)
B3 2 W) SE R M o HE 9T%e AR KA
b, R USEARCH v.7.1 BT E 43 25 00
(operational taxonomic unit, OTU)%R S, 21| ft
VRS AR GT. 9. BHFIE).
1.4 ERTESMEENF

HRR Y B BIR A 5 RhisIRIL i, D
Horikoshi-I 53737 OSM 1537 3E (Oesterhelt-
Stoeckenius medium) "7, FIE 1 SR g
Py 2% 5 35 R USA ISPA B RN 4y ik A
NaCl 73 #7451 2 mol/L (1) NayCOs ¥ i 8 4% £ ik
JER pH {H, WA FRIEABIMER(16 g/L). &K
R 5 PR R AL, REEREH 1.0, 1.5
F12.0 mol/L, f# i Nay,CO; % i JH 35 pH 9.0,
HCFLA AR DU RE A 200 uL 45900,
37 °CIEIRAIHSE 48 ho PRBCRRIEASRET, IE7E
X 0L ) [ A SR 38 A2 alifh 3—-4 1k, DA3RTS 43
B E R . 5% Keoll?™ . Cao*'HI Zhao
SR W R TR BRI T R 2K 58 LA
PRI R 1%55 R FP T Horikoshi-T 5577 3
37 °C, 180 r/min {55¢ 12 h J5 B4 75 R 2 $2 e
A PCR P8O ¥EA 1.3), b TUHaE 5%
FH 27F Al 1492RP, 3RS A 16S rRNA FE[H 7
G384 F NCBI £54 2 b Xt (http://blast.ncbi.nlm.nih.
gov/Blast.cgi)ifi &£ 4325 M . FFH MEGA v10.0
B R G A FWCR A neighbor-joining 7%,
bootstrap 4 1 000)1**,
1.5 EHREKEFEFER 8 1R E

BEE SRR BERS REYE R 0.0-3.0 mol/L ([a]
B 0.5), pH BREEIL R 9.0-13.0 (A]f& 1.0). KFE
FRUL 1%R93ERIE42 A pH 10.0 19 LB AR 55

Ferp, 37°C, 180 r/min £55% 2 d i WAL kA=
KGO, FEE pH (EHMARLRE AL, BRI ™
MR e J1ok Y5 77 2 pH B 25 590 1R pH 1Y U
HIE
1.6 HEH~ZHSMELE, EPS 1 IAA 821189
M ZE

FIH Horikoshi-I WAEFRET 37 °C.
180 r/min 5552 F K 48 h )5, ODgoo £l Hi A=
HMAETE, JFAH HPLC &2 5k pu & ms
WE A ML N AR SR it . DU S IE A Fh 4 5 T T
Fie 225 SCHR 2410847 . HPLC K 2514 . W shl
K:ZREWRFLEE K 20:80, KK 210 nm, ¥
HA 1.0 mL/min, #:/% 3.486-4.761 MPa, FEii
30 °C, AR 15 pL. @1t EPS S M kT
LAY HAE A B R R AR R EPS . K
9195 45 30 AR it B8 R AR 3 A EPS BRI BR K RS SR
FEPUeh AR 5%, BE3RIRE R 30 °C, B
FEEHEI N 3 do 3 dJFHEL 1 mL &R 4 000 r/min
B0 15 min BERTAM, B 105 cCHETFRE
EIEBINA 3 EIRF 95% L FESEA TR, 4 °Cid
W, IRAW 4 000 r/min B.0> 30 min, {82 ik
W, ULVET 105 °CHETFREE . WIPk™ 1AA [UEE
J1% 1 Salkowski B ER, Bk 1%
A LB AR 3739, 37 °C. 180 r/min
PRi% 2 d B 10 000 r/min 5.0 10 min, HX
1 mL _F3E BRI AARFAFL ) Salkowski 571 &
57, F BRIV 30 min 5 E#E R AE 530 nm
A WOEAE, AR AT R SR S TAA
)5
1.7 NCBI #B123

TSI REFEFERRAY 16S rRNA JE K 741 2
22 NCBI %48 J%E (http://www.ncbi.nlm.nih.gov/) , &
SE5-h OP223343—-0P223409; =i it 16S rRNA
K415 55 5 SAMN35682213—SAMN35682216,,
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2 EREGHN

2.1 FLAERERRUABI K L FSFAE RN R %
FEME

K Bk 1 43 LA B ER BRI A AR (1 7K
B THHE, FRESREA Zb A AR Ry 357.23 g/L,
CO;> 1 HCO; 43 %M 23.98 g/L #120.61 g/L,
pH 9.55, WK, & TR LR 7Y i £5 £k il 18]
(AR E>290 /L), @it MiSeq T 5 4
FLATHRER IR 4 DREARTEY 200, P54
RS 234 195 2%, BIEFI9KEE 00
405 bp. #]FH Mothur #k{Fi17 rarefaction 4375
Y, BT 505 B RSN, A FEAS 2l
AR, BRI S5 R EUE 98.6%-99.5%Z 1] .
WEEYIREE o ZREPE TR DR PIFhFe
JE 8% Sobs . Chaol 1 ACE 43 1|2 843—1 880,
1 030.62—2 329.73 F1 1 064.25-2 908.87, ¥fh%
¥ Shannon $5 1 Simpson 15 505351 4.45-5.50
#110.03-0.13, £ Venn F(& 1) HriEs, 44
FEAR AN LA 8 100 4>, SAEARREA R4
R 26, 114, 33 F150 4>, UERHAAEAS B ARETE
SRR AT S, A 2 RS
22 ILAERERIAAEE RSN S

i 3 7E RDP Al Silva $4i& 2 ¥E 4T OTU R
FIEEXT, 2337 ] (phylum) . Z¥(class). H (order)
FE (genus) 7 2KV AT REVE LB, 42

F1 FLMERERURME Z MG o
Table 1

Tl 41 B 43 282 A AR = B AR IR HERL R (] 2,
X FE=1%), B2t A T 21 1]
44 294 86 H 583 J& . TEITKF (K 2A), Hi#k
9 T 1] 28 B AR IR J2 A8 JE 1R 1] (Proteobacteria,
25.11%-67.60%) . L T & ['] (Bacteroidetes,
4.84%-35.02%) . JERER] J(Firmicutes 1.24%—11.01%)
IR T T (Actinobacteria, 2.18%—8.43%). 7E44
KL 2B), RN DRI BB I
X (Betaproteobacteria, 6.13%—43.34%). o-ZIEFT
44 (Alphaproteobacteria, 14.69%—30.58%). HHZN
(Clogtridia, 1.97%—25.27%) . il£k % 4¥(Actinobacteria,
4.61%—26.11%) FIZ-AUFF B 2H(Bacilli, 1.17%3.83%).
£ HARE LB 2C), R4 B 2B KR O2
T2 H (Oceanospirillales, 1.89%—7.01%)HI4
JNEFFTE H (Sphingobacteriales, 1.40%-9.15%), H.4%
R S AEAE K R 4328 B9 40 1A (unclassified,
32.69%—45.97%).

TEJE/KF- E(# 2D), H UL T8 (FEX - BE>1%)
¥ %4 F) 4E )& (Litoribacter) . B Al 1k i )@
(Nitrincola) . M % )& (Hydrogenophaga) . #2 4
M T )& (Gracilimonas) . vE & A K &
(Klebsidla) . HE2% 3 & (Balneola) . #IERAT )&
(Halobacteroides) . YG¥1 [ & (Halospina) . S I
J&(Moheibacter) . 2N J& (Parvibaculum) , £
A1 B 4R fin @ (Rubrivirga) . £: NI B 5 & (Salisaeta) .

Statistical analysis of bacterial diversity in Zabuye Lake

Item Zbl Zb2 Zb3 Zb4

P 35 % Coverage 0.995 0.986 0.990 0.989

F & EF54 Richness index
Sobs 843 1 880 1 564 1498
Chaol 1 030.62 2329.73 2225.20 2294.26
ACE 1 064.25 247528 2 588.07 2908.87

Z AP Diversity index
Shannon 4.45 5.50 4.94 4.74
Simpson 0.13 0.03 0.02 0.03

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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7b2 Zb3

1 L7 ERELTEUE T IR A s 4 B 2 AF Venn
Figure 1 Venn of the bacteria genus at different
sampling points of Zabuye Lake.

i % #F B JB (Dethiobacter) . i 12 & J&
(Marinospirillum) . fif§ %5 I J& (Nitrolancea) . %
G )& (Tindallia) . #8114 J& (Alkaliphilus) . o
X J& (Mariniphaga) . &l ¥k % J& (Paracoccus) il
B JE [Q & (Thauera) . PO MEAS YA L&
= F M )8 (Gemmatimonas) . 4 ¥ K &
(Truepera) . fE L & (Pseudomonas) . JLi%
V)& (Euzebya) . 141 )& (Rhodobaca) . % 7a Fa Bl
J& (Loktanella) | fifs L R4 o1 J (Niitriliruptor ) F1 45 B
i % )& (Halomonas), H. 45 RAE S HA KAk
2K I J@ (unclassified, 20.98%—54.54%). .4k,
FEA Zb1 K5 4 Jm A2 5 5L 14 )& (Hal omonas,
3.33%), FEA Zb2 RS R Jm 2 i R R
(Pseudomonas, 10.99%), FEA Zb3 $5H L # 4
B 2E 5 B (Wandonia, 7.68%), FEAS Zb4 4
AN T 8 2 A 7 T & (Azonexus, 12.39%).
2.3 AEFEMRINEERE KN

X RE SR ML VR AT S WA, RIAE R
[C 155500 JEM MG R BT SR BRI R ISP4 1%
FHET, WEESZ A0, BN, REE,
NG Z WA AR, 2 EWR, 308

M, WV R MFE; 7E Horikoshi-1 i 95 5L A1
OSM Kt iih, Wi AZ HE e, 2
BERRIE sl R BUREAR , sh 2ot , ke HIgi .
WL 5 FPIG RG> B IR 38 ARANT, AT
16S rRNA AE[H| ¢ F1 NCBI BLAST FxH434r,
B A TR 3 1] 5 T8 13 Fhe B
R AT AR 23 PR(Bacillus, 297 60.53%)
FIER PR & 10 #R(Halomonas, 26.32%) , 3%
SIKHE 1 HR(Aerococcus, 2.63%). AR &
1 #k(Saphylococcus, 2.63%) A KBl AT 1# )8 1 Bk
(Alkalihalobacillus, 2.63%). £ % W& H 1)
S EFREER EE>0.5 mol/L, pH>8.0)21, Frf 4
B Ry VB R (5R 2) . 455 G SR TR I B A
(0 ELAR Ay AR AER 22 (3R 3), R v i g R B P
8 #£(0.85 mol/L<#hJF<1.5 mol/L, pH>10.0,
21.05%), WomigEhik i 30 #k(1.53 mol/L<h i
<5.53 mol/L, pH>10.0, 78.95%), /3% Hikks
i HAA PP R AE 171(19.80%—29.68%), ItAb, mgh
i PR AR IO S T )RR 4 (48 h)Z5 SR R, DU
mEE R By 1.36-175.59 mg/L, Hrhi
JiL TR Ak ZBG36 . ZBG86 il ZBG48, UL M #A ki
AR (S sciuri) ZBG21 HA B DU A s g
IR Ty, BRI 17559, 122.76. 93.67
#193.85 mg/L; FEELBHIA PR IAA AUFHIR (48 h)
R R TAA UM U H Y 0.27-8.69 mg/L,
W4 /N ZE A FF 3 (B. pumilus) ZBG20 . T L7 2
HIAF (B. haynesii) ZBG37 Fl4h ¥ ZBGA48
) TAA TR 300 7.89 . 8.38 Fll 8.69 mg/L;
MEERTR AR EPS BYFHER (72 h)45i R B8 EPS
e BETE R R 0.02-0.22 /g, Hirp ZE AT 6 ZBG35 .
oA ZE AT (B. licheniformis) ZBG95 Al Bacterium
ZBG4 HA R EPS FURW S, WA N
0.17. 0.18 #10.22 g/g.
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A B
Zb4 7b4
Zb3 7b3
7b2 7Zb2
Zbl Zbl 7
00 01 02 03 04 05 06 07 0.8 09 1. 0 00 01 02 03 04 05 06 07 08 09 1.0
Relative abundance Rellative abundance
W Proteobacteria M Unclassified B Deinococcus-Thermus B Betaproteobacteria W Bacteroidia
B Planctomycetes M Bacteroidetes W Firmicutes B Acidobacteria_Gpl6 B Alphaproteobacteria
Verrucomicrobia m Chloroflexi w Acidobacteria B Baci H" ) . A”‘dﬂb‘mmr {“_GP4
B Spirochaetes W Actinobacteria M Gemmatimonadetes W Clasirin s
Others B Anaerolineae B Actinobacteria

B Acidobacteria Gp6 W Acidobacteria_Gp3
= Acidobacteria_Gpl0 B Others

C D
Zb4 [ | B s (| NI | (—
763 zb3 L B I] I

Zb2 | i b2 N NN [ —
m - mm

00 0.1 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 1.0

Relative abundance Relative abundance
WUnclassified Rhodobacterales ¥ Enterobacteriales Gpb MUnclassified B Pseudomonas M Thauera
W Flavobacteriales WMSphingobacteriales W Euzebyales B Parvibaculum B Wandonia B Euzebya B Nitriliruptor
W Cvtophagales W Bacteroidales B Rhizobiales B Halospina ~ WAzonexus B Rhodobaca B Paracoccus
B Rhodocyclales  WMBurkholderiales ~ MGemmatimonadales W Moheibacter W Litoribacter BGemmatimonas W Tindallia
W Oceanospirillales MDeinococcales W Nitriliruptorales B Balneola W Nitrincola M Loktanella B Gracilimonas
m Clostridiales W Pseudomonadales W Spirochaetales uGp4 B Truepera “Rubrivirga B Halomonas
mSphaerobacterales W Actinomycetales M Alteromonadales W Others Hydrogenophaga ®Marinospirillum® Mariniphaga
W Bacillales B Chromatiales Natranaerobiales W Alkaliphilus ~ WSphingomonas ~ WKlebsiella W Salisaeta
W Sphingomonadales B Planctomycetales W Xanthomonadales Dethiobacter WNitrolancea B Halobacteroides
W Halanaerobiales Others

2 LA ERERHLEE 5 K FKFRIEX FEE R 2 ENFEE21%)
Figure 2  Statistical analysis of relative abundance of bacterial taxonomy levels in Zabuye Lake (Relative
abundance >1%). A: Bacteria phylum. B: Bacteria class. C: Bacteria order. D: Bacteria genus.

*2 LM EREGUS IS BT R ECE AR RS IRRE
Table 2 Salt and alkali tolerance range and secondary metabolite accumulation of dominant strains in
Zabuye Lake

G I3 ENL AR i} 53 il fifBk7EE  P“ERAES]  Ectoine IAA  EPS
No. Taxonomic localization Similarity ~ Salt tolerance  Alkali Acid (mg/L) (mg/L) (g/g)
(%) range (mol/L) resistance  production
range capacity (%)
ZBGI11  Aerococcus sp. 100.00 0.0-1.5 8.0-12.0  25.58 40.66 ND 0.11
ZBG99  Alkalihalobacillus 99.37 0.0-3.0 8.0-11.0 21.44 ND 3.33 0.05

kiskunsagensis
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(BL3k 2)
i IrRENL ARALLEE Tis$ 5 96 [l fiffya " BRBES)]  Ectoine IAA  EPS
No. Taxonomic localization Similarity ~ Salt tolerance  Alkali Acid (mg/L) (mg/L) (g/g)
(%) range (mol/L) resistance production
range capacity (%)
ZBGY90  Bacillus agaradhaerens 100.00 0.0-3.0 8.0-11.0  21.43 9.24 2.59 0.02
ZBG105 Bacillus haynesii 99.78 0.0-3.0 8.0-10.0  20.16 ND 2.98 0.13
ZBG37  Bacillus haynesii 99.97 0.0-1.0 8.0-11.0  27.90 ND 8.38 0.04
ZBG98  Bacillus horikoshii 99.86 0.0-3.0 8.0-11.0  22.32 6.6 4.20 0.05
ZBG103 Bacillus licheniformis 99.44 0.0-3.0 8.0-11.0  23.58 ND 2.93 0.09
ZBG39  Bacillus licheniformis 99.72 0.0-1.0 8.0-11.0  26.99 2271  3.52 0.14
ZBG32  Bacilluslicheniformis 99.79 0.0-2.5 8.0-12.0  23.81 1.36 3.82 0.04
ZBGY95  Bacillus licheniformis 99.86 0.0-3.0 8.0-11.0  21.40 10.71  4.13 0.18
ZBG6 Bacillus licheniformis 99.93 0.0-2.5 8.0-12.0  23.78 46.96 1.07 0.09
ZBG33  Bacilluslicheniformis 100.00 0.0-1.5 8.0-12.0  26.39 4.64 4.23 0.06
ZBG69  Bacillus licheniformis 100.00 0.0-3.0 8.0-13.0  24.77 82.27 279 0.09
ZBG89  Bacillus licheniformis 100.00 0.0-2.5 8.0-12.0 19.80 89.00 3.07 0.06
ZBG34  Bacilluslicheniformis 100.00 0.0-2.5 8.0-12.0  20.94 3.65 3.37 0.05
ZBG38  Bacilluslicheniformis 100.00 0.0-2.5 8.0-12.0  21.45 66.83  2.48 0.16
ZBG58  Bacilluslicheniformis 100.00 0.0-2.5 8.0-13.0  28.95 86.80  3.37 0.05
ZBG20  Bacillus pumilus 99.79 0.0-2.5 8.0-11.0  22.01 8.56 7.89 0.15
ZBG10  Bacillus pumilus 99.86 0.0-2.5 8.0-12.0  28.38 ND 3.24 0.10
ZBG22  Bacillus pumilus 99.93 0.0-1.5 8.0-12.0  29.62 ND ND 0.10
ZBG35  Bacillussp. 99.79 0.0-2.5 8.0-12.0 2498 7.56 2.03 0.17
ZBGY96  Bacillus sp. 99.86 0.0-3.0 8.0-11.0 19.80 ND 0.40 0.11
ZBGl1 Bacillus sp. 99.93 0.0-2.5 8.0-12.0  26.49 46.13  4.71 0.06
ZBG9 Bacillus zhangzhouensis 99.79 0.0-1.0 8.0-12.0 27.71 ND 3.32 0.08
ZBG28  Bacillus zhangzhouensis 99.86 0.0-1.0 8.0-11.0  23.85 64.65 ND 0.11
ZBG26  Bacterium 99.79 0.0-2.5 8.0-12.0 2594 23.18 ND 0.10
ZBG4 Bacterium 100.00 0.0-2.0 8.0-12.0  29.61 ND ND 0.22
ZBG12  Halomonas alkaliphila 100.00 0.0-2.5 8.0-12.0  26.59 39.84  0.39 0.02
ZBG107 Halomonas chromatireducens 99.85 0.0-3.0 8.0-11.0  24.57 9.54 5.13 0.07
ZBG74  Halomonas sp. 99.50 0.0-2.5 8.0-13.0 27.49 85.67 1.61 0.13
ZBG109 Halomonas sp. 99.57 0.0-3.0 8.0-11.0  20.50 9.05 ND 0.10
ZBG48  Halomonas sp. 100.00 0.0-2.0 8.0-13.0 27.84 93.67 8.69 0.04
ZBG3 Halomonas sp. 100.00 0.0-3.0 8.0-12.0  24.67 89.36 1.84 0.05
ZBG46  Halomonas sp. 100.00 0.0-2.5 8.0-12.0  26.33 36.73 ND 0.15
ZBG86  Halomonas sp. 100.00 0.0-2.5 8.0-13.0  29.68 122.76 2.96 0.06
ZBG36  Halomonas sp. 100.00 0.0-2.5 8.0-12.0  24.58 175.59 1.36 0.06
ZBG25 Halomonas sp. 100.00 0.0-2.5 8.0-13.0  29.12 88.53 344 0.07
ZBG21  Saphylococcus sciuri 100.00 0.0-1.5 8.0-11.0  29.60 93.85 0.27 0.08

ND: A 5
ND: Not detected.
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Table 3 Classification and statistics of haloalkaliphilic

IS FH A KARFAIEE X B
Classify Type Definition of growth characteristics Quantity
mgERR S NG A K TE# NaCl 0
Salinophile =~ Non-halophilic NacCl is not required for growth

microorganism

RS MAEY KT NaCl, FAE K S NaCl ik AE N 1%-3% (0.17-0.5 mol/L) 0

Mildly saline A small amount of NaCl is required for growth, and the optimal NaCl

microorganism concentration for growth is 1%—3% (0.17—0.5 mol/L)

R UE Y HE R0 NaCl, HiA: Kl NaCle R 5%—10% (0.85—1.7 mol/L) 8

Moderately saline

A small amount of NaCl is required for growth, and the optimal NaCl

microorganism concentration for growth is 5%—10% (0.85—1.7 mol/L)
e I W R AL W) AR T NaCl W% R 9%—-32.5% (1.53-5.53 mol/L) 30
Extreme salinity NaCl concentration required for growth is 9%—32.5% (1.53—5.53 mol/L)
microorganism
AT RS i B A 4 pH 7.0-9.0 4=, pH>9.5 RREA K 0
Alkalophile  Alkali-resistant Grows at pH 7.0-9.0, not at pH>9.5
microorganism
& B AE ) pH 10.0-12.0 4= 38
Alkalophilic Grows at pH 10.0—-12.0
microorganism
0 R B 2 RiE A K pH>10.0, pH KT 8.9-9.0 RA 0
Extremely alkalophilic = Optimal growth pH>10.0, no growth below pH 8.9-9.0
microorganisms
FNEVEIRUE Y RETE 2 Fhal 2 L EAR RS A K 0
Parthenogenetic Able to grow in two or more different environments
alkalophilic
microorganism

24 RHELZENTH
BRI R A B R BI(K 3): B
AU AR SRR 3 ik 3,
SR AN I 2 4N, BIVERE T AR ] .
IR 1L N 2 MWife/sZ, i ZBG86
(OP223383.1), ZBG48 (OP223381.1). ZBG3
(OP223377.1)F1 ZBG46 (OP223380.1)%5Hitk 5h
L 5 (Halomonas sp.) WB-1 (GU3777269.1)%2%
RlE—i A3 3, FRARMPE R 99.57%-100.00%,
LWL IR TR ; Rk ZBG74 (OP223382.1)
RAENFE — it 2, B 2] R B B
J&, FIRENVEAERTRN . JERER IR 2 4
Wiktksr3Z, Bl ZBG11 (OP223343.1), ZBG4

(OP223373.1), ZBG32 (0P223353.1)f1 ZBG35
(OP223370.1)%% i ¥k 5 < K 4 (Aerococcus sp.)
S125 (MN923390.1)55 2K Rl — kb 37,
LN 99.37%—100.00% , 2% B Ak [ J5 .

ZBG21 (OP223403.1). ZBG58 (OP223404.1)#
ZBG98 (0P223407.1)R I M —ikftbsrs2, M
I 99.86%—100.00%, B k4K [ 5

3 Wi
3.1 L7 EREL B B A
ERWA A AR BN, EhE B i

R RE TR S5 A PO R AR R P AL 1% A )
AJ LAA B FRARA T, AL i Al B SR vk e LA
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3 MBERRZLEN ST RMRKE. Tree scale: HEALIEE]
Figure 3 Phylogenetic tree of dominant strains. The branch numbers are the relative lengths. Tree scale:
Evolutionary distance.
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SRR P AR DI R A5 . BRI,
WP B A S AT 304 ) 2 R e B A R B
Z—, VPSP AT T e DR AR A Y 4
B ZFE: (Shannon 1541 4.69-6.19), KA H4H
A 2B IE T JRRT R EE 39.30%-52.84%) , JEAE
B 1(5.77%41.56%) FIHUAT AT 1(3.52%27.01%) ;
Simachew %:*/iff5¥ Abijata Soda Lake (" 1k
34-340 g/L, pH 9.73)H 41 1H £ 14 (Shannon $&
£7 0.11-3.73), RIULHLFZBILET1(19.5%)
LT 1(8.2%); Pal ZEPYHFSY Sambhar Lake
(W ALE 130-350 g/L, pH 9.5—10.5)HI 41 1# £+
4:(Shannon 5% 3.2—4.3), KHMFAGE 2L
P 1(8.61%-74.04%) . BIFF T 1(8.27%—44.18%)
FIERERAT1(1.00%—-22.54%), ABFFE45E R SR,
FUAG BB EL B0 (57 fL E 357.23 g/L, pH 9.55) 1)
PR ] 5 Y R i R b A A A AR T A
1, BPPAASTE B 171(25.11%—67.60%) FHUFF 6 1)
(4.84%-35.02%) M+, JERERE](1.24%—-11.01%)
M TR 1](2.18%—8.43%) Ik Z . HGTEN
S, BT SO E A IR R (0.01%-9.53%) . R
T8 (0.54%—8.75%) . ZF HLHI TR & (2.39%-6.00%)
FIUNG JE A B 8 (1.27%—6.26%) A0 # 8, 4L
A1 BB o A TE K R R B 4322 AL ) 40 B
(20.98%—54.54%), X AT &5 FLA1 HE L5 5 7 ok
BRERIR AR . = pH {H LA S B A 257 B
AKX,
3.2 ILAEEBMHERENRETESHMN
=

SRR FRE A G AR, T R A
i £5 o 4t F5 K 75 3L 00 B b pHPY 9 a2 45 B
K 5 FE I NayCO; 55 757 3 M AT ] 7 B g P
Loy gl 4 FprELBRER, U0 Bennette K557
H 43 B ARAR U 3 I 0 (Planomi crobium) . KA
(Aerococcus) fil = £k Hi FF 14 (Geomicrobium) ; T
Pi% 2% - U M % 77 BE 3 25 4R 15 5 52 1 (Kocuria)

ZF A e (Bacillus),  JH: v i ik g 6 35 26 M A TR
(Geomicrobium halophilum) CPCC100153 HA
FIF SR R W= MR AE 1 . PV DR S
Na,CO; ¥ (1) LB 55355, M AR+ 3k
54— Hf v 5 5 PRI 5 (H. aquamarine) DBO1, %
Rk ELA ™ EPS I TAA LK™ IR i Rk
i SR BSR FRVR I Nap,COs WA GPY il
ISP Bifg a7 0k, M 1B SR 45 h R 15 26 #E
e Rl ER G S U g BV B 7 SN
(Nocardiopsis) fll4% 7 4 J& (Sreptomyces) . A< fiff
FERH 5 PRI NayCOs g RE 37 3L, i BE 3115 1
LT TR T 38 MR AR AIE TR 1 1(17.91%)
FIEBEG [ ](77.61%), g 20 2 2 AT I
YW(77.61%)F1 y-"EIE B 4N (17.91%) . A [R) 15 37 3k
DR L B A3 A s B 25 ), S 3OS R A T
EAMFEREZR, &K 1 SEFREGRE R
WM, WEEESZNAAKR/NAE ., /5B HE
PR K Z2 B0 ELAT 505 (A T R0 - R AR, i A2
£RF 0.0-2.5 mol/L, pH i i 4E K JE Fl 8.0-12.0,
FEBRAE ST 19.80%—29.68%. LAk, /rESHIbk KL
B A IR DY A BEIE (1.36-175.59 mg/L). TAA
(0.27-8.69 mg/L)#l EPS (0.02-0.22 g/g)IhE
#AAT  , Horikoshi-T 35 35 5 1943 B SR e iF
I3 FF v AR B P B A AR 11 20 TR 43 2
3.3 FRTFEAREN S S S2BRN F
ZE AT T 8 AR U Al 8 5% 0 B A T
J&, H KRB0 bk ELAT B n T R a e . A
% 2023 4 3 H, LPSN %(¥ /% (https://Ipsn.dsmz.
de/genus/bacillus) ISR ZE AT I 625 F i Al
PERT R, WA ZEHLAT 1 (B. licheniformis).
g /N ZF AT (B, pumilus) FEE B PG 2F 04T #
(B. haynesii)a. HHl, ZFA0H ARG
W E B Z T Tl 'S KRR 2
U (R 4). BN, 7E Khalikova 454554
W, ST BE AT I P R REAFAE Fed i
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Table 4 The main types of intracellular secondary metabolites in Bacillus

k7S B3I RE FEARMGY 2% 3R
Strains Origin Type Mainly representative compounds References
Bacillus sp. Soil, water, air Terpenes and derivatives Carotenoids, astaxanthin and helixanthin [33]

B. circulans Soil, water Sugars and derivatives Alginate, glycerol glucoside and mannose [33]

B. circulans Soil, water Organic acid Formic, acetic and lactic acids [33]

B. halodurans Soil, water Others Siderophores [33]
Bacillus sp. Soil, water, air Betaine Betaine and dodecyl betaine [34]

B. atrophaeus  Salt lake Surfactant Lipopeptide [35]
Bacillus sp. Soil, water, air Pyrimidine and derivatives Ectoine and hydroxyectoine [35]
Bacillus sp. Soil, water, air Enzymes Proteases, cellulases and amylases [35]

TR BRBAR A Y, B B ke B AT R
I PR A7 T B T SIS o D S E A Sy 2 i £
PRIFRFRE R, AR TR .
TP AR pH FREEuhdy, W SRR AN Ay
JiE PN AR R DO A s g L3 AR A7 PY . Kuhlmann
AR 3PP ZEAAT I P R B T 4 FOARTRI G AR
FUETT, WA RERE , AR . 2R MR
VU MERE S . A, REE 2 RIS AT
HPUSMEE . TAA FI EPS 254654, Hrb 2
FFEt @ 2 30 18 #E(62.07%) . 21 ¥E(67.74%)F0
23 1£(60.53%), 4N Bk G214 1 (B. horikoshii) |
Hi1 A 4 F0AF 1R (B. licheniformis) . 46 /N 25 fFF
(B. pumilus) FlE M ZE 4 FT £ (B. zhangzhouensis)
PIREFL B DU A M 0E . TAA FI EPS, FHLE RS>
4 1.36-89.00 mg/L . 0.40-8.38 mg/L il
0.02-0.18 g/g, T HiXEZFHIAT 6 R WAk AT
FEERBE 171(19.80%—29.62%), 1 it HA WAL 1T
R

4 Zi

4.1 FLAERE WP E R L

3 2ok R 3 O IR T LA HE R 5 (Rl 2
AL ER )RR BT R N IR W T
(25.11%67.60%) . FUFFIFIT1(4.84%-35.02%). JERE
IT1(1.24%—11.01%) HURE R 1(2.18%—8.43%), 1

PR IERE N T T R B (0.01%-9.53%) . £h B iy
P8 (0.54%8.75%) . 2 AL TR & (2.39%-6.00%)
FIG BLF M R (1.27%—6.26%)%% , IF HAETE &
A R W 3 2 2 AL A9 20 7
4.2 FLAEBERRUB Y BB MER LM
REFFMN

AR FH 285 5570k N FLAT BB R 117K 44 rh
i e 40 B RS 38 ARANTR , 16S TRNA JE /7
R EFE N Bacillus (23 £k, 60.52%)
Fl Halomonas (10 ¥k, 26.32%), HH ZBG74
N BERIVETER RN o 4 B R AR K 2 2 A BRI £
BRI 1 LA B [ B BE 77(19.80%—29.62%) » K= T 14
AR s & B, Wik ZBGS6 .
ZBG36.ZBG48 1 ZBG21 HAT & A F B A= 77 Iy
S BE (ectoine) (Y ¥ 11(9.67-175.59 mg/L),
¥k ZBG20. ZBG37 Ml ZBG48 ELA B 4k
7 1AA W 11(7.89-8.69 mg/L), Btk ZBG35.
ZBGY5 Fll ZBG4 HA = 3R IR 4277 EPS BT )
(0.18-0.22 g/g) AMFFE A FL AT HEER WA s Ak Py %
DRI 5 ST R RUR AR AL T — 8 1 B8 SR

REFERENCES

[1] SOROKIN DY, BANCIU HL, MUYZER G. Functional
microbiology of soda lakes[J].
Microbiology, 2015, 25: 88-96.

[2] ZHENG MP. Discovery and study of halobacteria and

Current Opinion in

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5298 WA

FiE Rk

Microbiol. China

halophilic algae in the zabuye caka[M]//An

Introduction to Saline Lakes on the Qinghai—Tibet

Plateau. Dordrecht: Springer Netherlands, 1997:
181-199.

[3] CABESTRERO O, SANZ-MONTERO ME, ARREGUI L,
SERRANO S, VISSCHER PT. Seasonal variability of
mineral formation in microbial mats subjected to drying
and wetting cycles in alkaline and hypersaline
sedimentary environments[J]. Aquatic Geochemistry,
2018, 24(1): 79-105.

[4] EDWARDSON CF, HOLLIBAUGH JT. Composition
and activity of microbial communities along the redox
gradient of an alkaline, hypersaline, lake[J]. Frontiers
in Microbiology, 2018, 9: 14.

[51] KAJALE S, DESHPANDE N, SHOUCHE Y,
SHARMA A. Cultivation of diverse microorganisms
from hypersaline lake and impact of delay in sample
processing on cell viability[J]. Current Microbiology,
2020, 77(5): 716-721.

[6] JONES BF, EUGSTER HP, RETTIG SL.
Hydrochemistry of the Lake Magadi basin, Kenya[J].
Geochimica et Cosmochimica Acta, 1977, 41(1): 53-72.

[71 JONES BE, GRANT WD, DUCKWORTH AW,
OWENSON GG. Microbial diversity of soda lakes[J].
Extremophiles, 1998, 2(3): 191-200.

[8] HUMAYOUN SB, BANO N, HOLLIBAUGH JT.
Depth distribution of microbial diversity in Mono Lake,
a meromictic soda lake in California[J]. Applied and
Environmental Microbiology, 2003, 69(2): 1030-1042.

[91 MA YH, ZHANG WZ, XUE YF, ZHOU PJ,
VENTOSA A, GRANT WD. Bacterial diversity of the
Inner Mongolian Baer Soda Lake as revealed by 16S
rRNA gene sequence analyses[J]. Extremophiles, 2004,
8(1): 45-51.

[10] DIMITRIU PA, PINKART HC, PEYTON BM,
MORMILE MR. Spatial and temporal patterns in the
microbial diversity of a meromictic soda lake in
Washington State[J]. Applied and Environmental
Microbiology, 2008, 74(15): 4877-4888.

[I[1]GRANT WD, SOROKIN DY. Distribution and
diversity of soda lake alkaliphiles[M]//Extremophiles
Handbook. Tokyo: Springer Japan, 2011: 27-54.

[12] kR4, RAH, BTz, M, s, AR
ER T K BH v vp e R R A BT 2 S IR AL SE R AE B
BT EheFSE, 2023, 31(1): 39-51.

ZHANG ZW, YU SY, ZHAO YY, ZHENG MP, HE ZK.

The mineralogical and geochemical characteristics and

significance of lithium-rich mixed salt in the solar pond

of Zabuye Salt Lake[J]. Journal of Salt Lake Research,
2023, 31(1): 39-51 (in Chinese).

[13] ZHANG GM, LI SY, XUE YF, MAO LW, MA YH.
Effects of salts on activity of halophilic cellulase with
glucomannanase activity isolated from alkaliphilic and
halophilic Bacillus sp. BG-CS10[J]. Extremophiles,
2012, 16(1): 35-43.

[14] XUE YF, FAN HP, VENTOSA A, GRANT WD,
JONES BE, COWAN DA, MA YH. Halalkalicoccus
tibetensis gen. nov., sp. nov., representing a novel
genus of haloalkaliphilic archaea[J]. International
Journal of Systematic and Evolutionary Microbiology,
2005, 55(6): 2501-2505.

[I5] FAN HP, XUE YF, MA YH, VENTOSA A, GRANT
WD. Halorubrum tibetense sp. nov., a novel
haloalkaliphilic archaeon from lake zabuye in Tibet,
China[J]. International Journal of Systematic and
Evolutionary Microbiology, 2004, 54(4): 1213-1216.

[16] KEVBRIN VV. [Isolation and cultivation of
alkaliphiles[M]//Alkaliphiles in Biotechnology. Cham:
Springer International Publishing, 2019: 53-84.

(7] REESL, Jeifd, TREF, 22PH0), XIPESr. 55 W

B B QHLS U UM NE A AU i PR 3R 43 HT [J].
BRI, 2015, 34(1): 111-116.
ZHU DR, LONG QF, SHEN GP, LI DD, LIU DL.
Accumulation and influential factors of ectoine
synthesis in Halomonas ventosae QHLS isolated from
Qinghai Lake[J]. Environmental Chemistry, 2015,
34(1): 111-116 (in Chinese).

[18] BXRELEE, EA&N, EIE, W, B3, ki, EE

2, AR B R W i D R A Ak TR I R
B MO (0], R E BT R AR, 2022, 47(5):
443-452.
ZHAO SJ, WANG CM, WANG CC, L1 J, ZHENG W,
ZHANG L, YUE ZH, LI XJ. Exploration and
antibacterial activity of actinomycetes isolated from
saline lakes in Xilin Gol Plateau[J]. Chinese Journal of
Antibiotics, 2022, 47(5): 443-452 (in Chinese).

[19] BElEAk, WRA5H), BLBE, 25, 259E, B, BUEGR,
BASCHE . — PR ZLAR bR G 25 T P 7™ 00 T 3 AR S T B
o3 B B AW G R R AR FE (0], b R BT AE R 2
W, 2021, 46(12): 1090-1101.

HUANG YL, PAN XL, LU L, LI Z, LI F, ZHAO J,
HUANG SS, HU WIJ. Isolation and identification of
antifungal compound from a mangrove-derived

Streptomyces sp. and its biosynthetic gene cluster

analysis[J]. Chinese Journal of Antibiotics, 2021,

46(12): 1090-1101 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B = AN S5 G R L AT HI L B] 200 1 1) 22 55 70 2 TR R ) A R AR 1 5299

[20] KROLL RG. Alkaliphiles[M]. New York: McGraw-Hill,

1990.

[21] CAO JW, SHEN P, LI CY. Extremophiles[M]. Wuhan:
Wuhan University Press, 2004.

[221ZHAO BS, YAN YC, CHEN SL. How could
haloalkaliphilic =~ microorganisms  contribute  to
biotechnology?[J]. Canadian Journal of Microbiology,
2014, 60(11): 717-727.

(23] 5K BT, 2Kk, WEF, T, REH, MILLE.
1o i £ T AT 3 W R AT A4 R R A A K R
WE P B [T]. AEYIEORE R, 2022, 38(1): 168-178
ZHANG TT, LI YZ, SHEN GP, WANG R, ZHU DR,
XING JW. Population diversity of isolated halophilic
and halotolerant bacteria from hypersaline salt lakes
and evaluation of ectoine production[J]. Biotechnology
Bulletin, 2022, 38(1): 168-178 (in Chinese).

[24] W4, KI5, WEA, &, JERAMmE, RIES. Ectoine

bk Halomonas sp. XH26 I %5 X 22 4MBAS 1k
B &Y 4eE, 2020, 37(4): 31-35.
TIAN L, ZHANG F, SHEN GP, GAO X, LONG QF,
ZHU DR. Identification of high-yielding strain
Halomonas sp. XH26 for producing ectoine and UV
mutagenesis breeding[J]. Journal of Biology, 2020,
37(4): 31-35 (in Chinese).

(251 90N, kA, U, BESCo, BIEEHL, IR

Bl 48 A= TR B 1k S PERE ] AR TRE SRR, 2020,
36(7): 1356-1364.
SUN X, DONG YH, WANG N, CUI WH, LIAO XY,
LIU L. Screening and evaluation of saline-alkali-
tolerant and growth-promoting bacteria[J]. Chinese
Journal of Biotechnology, 2020, 36(7): 1356-1364 (in
Chinese).

[26] das SARMA S, das SARMA P. Halophiles[M]. eLS.
John Wiley & Sons, 2002: 458-466.

[27] TORSVIK V, @VREAS L. Microbial diversity and
function in soil: from genes to ecosystems[J]. Current
Opinion in Microbiology, 2002, 5(3): 240-245.

(28] W, whE, B, MLeE, 4oKE, EBE, K

TR 55 0 i 4 2R ML T K AL A R AR TV 4 4 1 24
PE2E S Rsg i R [J]. LR ZAETE, 2022, 30(4):
85-99.
SHEN GP, HAN R, MIAO ZQ, XING JW, LI YZ,
WANG R, ZHU DR. Bacterial diversity differences and
influence factors of four types of hydrochemical
characteristic lakes in the Qinghai-Tibet Plateau[J].
Biodiversity Science, 2022, 30(4): 85-99 (in Chinese).

[29] SIMACHEW A, LANZEN A, GESSESSE A, @VREAS

L. Prokaryotic community diversity along an increasing
salt gradient in a soda ash concentration pond[J].
Microbial Ecology, 2016, 71(2): 326-338.

[30] PAL S, BISWAS R, MISRA A, SAR A, BANERJEE S,

MUKHERIJEE P, DAM B. Poorly known microbial taxa
dominate the microbiome of hypersaline Sambhar Lake
salterns in India[J]. Extremophiles, 2020, 24(6):
875-885.

B119hAE, JRBEHE, M, BLE, MEE, FHE,

TKRERE, RAE. AT A] P B S i AN Y A
AW~ 5 P [0]. AR B 5l 4k, 2011, 38(10):
1473-1481.

SU Y, SUN JJ, LT CL, KANG SC, WEI YZ, LI QP,
ZHANG YQ, YU LY. Isolation and biological
characterization of the bacteria from the alkaline soil of
Hoh Xil[J]. Microbiology China, 2011, 38(10):
1473-1481 (in Chinese).

[32] R3O, Zth, 4308, HBE, Rmte, EER, B

HRLL, BREEE, XUBUHE, LMK, SO R, LR
355 v HATC IR T M TS 2 TR B T e RN 2 AR T SE[D]. T
HEWEEAR, 2007, 47(5): 757-762.

CHEN YG, JIANG Y, LI WJ, CUI XL, XU LH, TANG
SK, CHEN HH, ZHANG YQ, LIU ZX, JIANG CL,
WEN ML. Micirobial diversity and screening of
antitumor activity of actinomycete strains from saline
and alkaline environments in the Qinghai Province, P.
R. China[J]. Acta Microbiologica Sinica, 2007, 47(5):
757-762 (in Chinese).

[33] KHALIKOVA E, SOMERSALO S, KORPELA T.

Metabolites produced by alkaliphiles with potential
biotechnological  applications|[M]//Alkaliphiles  in
Biotechnology. Cham: Springer International Publishing,
2019: 157-193.

3413k, #FETT, 4Kk, ML, T, wET, %

TR AF 2 VAR Jo 7O S W ) TR A 5 LAV 5 JRE (D],
) T RESRIR, 2022, 38(3): 868-881.

ZHANG X, SHU ZW, LI YZ, XING JW, WANG R,
SHEN GP, ZHU DR. Advances in the microbial
production of the compatible solute ectoine: a review[J].
Chinese Journal of Biotechnology, 2022, 38(3):
868-881 (in Chinese).

[35] KUHLMANN AU, BREMER E. Osmotically regulated

synthesis of the compatible solute ectoine in Bacillus
pasteurii and related Bacillus spp.[J]. Applied and
Environmental Microbiology, 2002, 68(2): 772-783.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


