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Biodiversity of culturable moderate halophilic bacteria of rock
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Abstract: [Background] Halophilic microorganisms with unique physiological and metabolic
characteristics for living in hypersaline environment have high application and research value in the fields
of environmental pollution control, enzyme preparation and are one type of important microbial resources
from extreme environment. [Objective] To uncover species diversity of cultivable moderate halophilic
microorganisms in rock salt in China, to develop and utilize halophilic microbial resources and to
accumulate strains of halophilic microorganisms, this research was conducted. [Methods] Moderate
halophilic bacteria were isolated from brine and salt soil by using alkaline oligotrophic medium (AOM),
neutral haloarchaeal medium (NHM), diluted modified marine agar (dImMA) and ISP3 medium (ISP3)
under 5% and 10% salinity separately. Bacteria 16S rRNA gene amplification and sequencing were carried
out by using bacterial common primers 27F and 1492R. EzBioCloud and BLAST in NCBI web were used
for the bacterial taxonomy and phylogenetic tree was constructed by MEGA 5.0. [Results] In all, 78 strains
were isolated from brine and salt soil in rock salt in Yexian county, Henan province. The results of 16S rRNA
gene sequences indicated that they ranged three phylum in seven genus including: 26 strains in genus of
Bacillus, 30 strains in Halobacillus, 10 strains in Oceanobacillus and one strain of Staphylococcus in phylum
Firmicutes; 3 strains in Sphingomonas and 5 strains in Halomonas in the phylum Proteobacteria; 3 strains in
Brevibacterium in the phylum Actinobacteria. The genus of Halobacillus and Bacillus had higher abundance
in the rock salt from Yexian county, Henan province. At the most, five genus bacteria were isolated by using
AOM medium and only by using AOM, Sphingomonas and Brevibacterium were isolated. In addition,
Oceanobacillus were isolated from brine by using ISP3. By using the four media, Halobacillus and Bacillus
were isolated. Bacillus, Halobacillus, Oceanobacillus, Sphingomonas and Staphylococcus were from brine,
and Bacillus, Brevibacterium, Halomonas were from salt soil. Third, under the 5% and 10% salinity,
Bacillus, Brevibacterium, Halobacillus and Sphingomonas were isolated and only under 10% salinity,
Halomonas and Oceanobacillus were isolated, only one strain Staphylococcus was isolated under 5%
salinity. [Conclusion] The community structure and diversity of rock salt in Yexian county, Henan province
were uncovered and Halobacillu and Bacillus had higher abundance in the culturable Moderate Halophilic
Bacteria genus. This research has provided rich Moderate Halophilic Bacteria resources for developing rock
salt bacteria.

Keywords: Yexian county, Rock salt, Moderate halophilic bacteria, Biodiversity
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ERIREE, DA K . 3R OO R TR
REEL AR YA S . XS R VB SR A W
I AAET AR Fh IR

v R 2 il 3t A 2 VT B PR AR AR 5 A A T R Bl 2R
RAERTT | K ECE WK TR . h28M) BUZ dr il
ROl 505 T S5 A R 3Bl i $h 25141
Je—FhE SR B AR H AT A e T A R
HEWIIRT SRS . 2006 4F, HETIASEN M Z ek
W B3| Halorubrum . Natronococcus . Natrialba
H Halalkalicoccus 55 4 A J& (AW ERAE ) . 2006 41,
14 K5 T R B b 1 iy S 5 R VTR 3 5 3 R e
BT AR TR ] 3 ANTT] 44 BRANB,
17 BRI R TR E BT 0 2007 4F, R SOBSENY
M IRERH I E R TR 3 3] 4 A1) 2441
ey, Hirh Y21 ARTTRE SR Staphylococcaceae
M — 8 8. 2011 42, Gramain Z1F 2 | Salar
Grande #HA ELEH A Halobacterium A
. 2013 4F, Xiao VST T A B R 1040 1
o YR Z e, R BN A 3 S FE S A b
ZRMEAFIER K225 . 2015 4, Chen %'Ex
P LI T — S WIFh Haloruburm yunnanense
2019 4R, BRALAHSETN LB m R T R S
SresEVEER T 150 bR, PELRANEN 114 Bk, KRBT
MIANEE IR AR 1 bk TS 1K, PO UERIE 2 Ak
REVR AL B C TR 2 #k o Ik SEF ST R ER O [ A 25 5
HEEERHEY, s R4
FHEL

tOREaR = EaR =R ST = R i 7 X
Je AR AR A SR T VT i, bR Y b B
SR L) L N R AL 7[5 A I ] =B O
JEATIERLL 400 km?, SRR 3 30012 t (945
e, FULETEIEER 85%-95%, LR A E I
HhZE, NAESE RARERH, b ES
AP SR, I R B R S WA S B
FARWAHIE . AWFERTATEH (1 RS IR
Alkaline oligotrophic medium (AOM) . Neutral

haloarchacal medium (NHM) . Diluted modified
marine agar (dmMA)FI ISP3 medium (ISP3)iX 4 Fj
FRAE, T2 5%H1 10%PIRhERRE T 73 s Analifl pa K il
R Y, PR B AR TR SR R
AR ZRENE, U T R R I B a5t
AYIBTIRLL R T AR R E I R RS

1 #etShE
1.1 #Hl
1.1.1 ik

2018 -9 A-2019 4 6 A, FEM A VIl
M5 (33°62'N, 113°35'EREXKFE: FEA, H
5 AT 10 L KA%E 50 L <K, 7EZAREES
FH 50 mL A9BSR 10 4 EE AR PETR 1L 2B
ZiREY TR, S RPAREE,
1.1.2 EHFE

AOM Fl NHM &# WA FrgEh iy e
S IR R RS2 5), 1SP 2 A 35 5 = Tk
LR DA DL E R R TR A B s R, ISP3 2L
3 R R HAh, dmMA JEEEE RIS
B, AREPE S IR IR T 3 AR
BB 13 ANWEERBRN . IERE T DL R 4 Fls
FREE, AHILL 10%F0 5%PIA~ER B A4 B Fnalifk rp
FEVEERANT . (1) AOM 35373 (g/L)* ). BERER IR
Y1 0.05, AAEAN 0.25, NEIFREN 1.0, SALAR
5.4, FAbE5 0.1, fHRREN 0.5, L/AKBIRREE 0.1,
K,HPO, ZZ ik 2 mL, pH 9.0, i 0.1 mol/L A9
HCL#H45 pH & 7.0, (2) NHM #5355k (g/L)>%),
FEEER Y 0.05, ABEMAMK 025, NETERHN
1.0, Ffkdf 5.4, Ffks50.29, &b 0.27, £k
AREE 26.8, AN/KFALEE 23.0, K,HPO, Z& ik
2mL, pH7.0, (3)ISP3 }#k1 L)Y, 20 ¢
FIRIIEW , BRI AL 1 mg, BRFREE 1 mg, ik
i 1mg, 442K B, 0.5mg, 4E4% B, 0.5 mg, 44k
ZE B 0.05 mg, 4R E 1 mg, 484K C 5 mg.
(4) dmMA ¥ 73 (/L)) BEEAM 0.5, B
BUky 0.1, BiBEREE 20.0, HREREN 20.0.
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PLEORBARSEFREE, A 20 /L (930G B Akt
N Y AR B R 3 5 KoHPO, 28t . BL 0.5 mol/L
KH,PO, 30 mL, il 0.5 mol/L K,HPO, 100 mL, J&
A7, %52 mL 0.5 mol/L K,HPO, 45 pH ] 7.5,
T RE M W ASE M AER K, SEhA 30%,
e A A FHAR S 6 f5 (3R 24 5%) . 3 5(F3h 2 10%)
%) i 7K B Db [ S5 3 BRI A R 5 3
1.1.3  EFERFIFLEE

2xTag PCR Mix, KHEAMBHEACF)ARA
wlo AARREFRAR, RO A G S A TR A
Al; PCR 1Y, Bio-Rad 2vH]; KW-RLIKAL, bR
—AEYRHEA R A,
1.2 tEmibE

XFFRIK, i S E i i K7 B 0.22 pm
VB I U A v K P R SR . I JC T Y T4
WAL R, BT 50 mL KR SR,
28 °C. 120 r/min FHERFE 48-96 h, #h+ ikt
. FREC10 g +3E, A 100 mL i 385 A9 & 5K
FERI KK, R, BER, BEER. B2 mL
FEB AR 50 mL WIRRFREEF, 28 °C,
120 r/min & fFERFFE 48-96 h HEEH KHE, HE
B 2 ST
1.3 EHSBFRE

EERE R T 107, 107, 107,
107, 107 F1 10 BREERRE, 23 BIHL 200 pL Fi ke Tl
W AT B ) A RS S 2, 28 °C 1557 48-96 h,
HEPWIRAT LGRS . REskBOEERAT 22 5 M
%, RIS HEALP I A E Y, TEXT R
(R LA S5 SR 5 AR R 5%, B RIIRIS TR 7K
PO RS 3R, DAE 30% HH 0 % 107 0k 1A 45 35 ik
VEMRTE, B 400 uL BEIR, 25 Mo hn AR &
W, —80 °C FRES T %47
1.4 A& 16S rRNA EE ¥ & 505

KA MEE A 27F (5-AGAGTTTGAT
CCTGGCTCAG-3")H1 1492R (5-TACGGCTACCTT
GTTACGACTT-3")% 43 B 4l AL i B AR HEA T4 5 - VA
T BB B TR A AR . 1 mL WMARRS FR 5L AT

JERRRE , 42 KT A R K VR M AR B, 1551 107",
107, 107 3 3 Aok B AR BRI . PCR A R
(30 pL): 2xTag PCR Mix Jy 15 pL, ddH,0 H
12.6 uL, 5% 27F (20 umol/L) 0.2 uL, 5% 1492R
(20 pmol/L) 0.2 pL, #&HR 2 uL. PCR [N 55 1
95°C 5 min; 95°C50s, 53°C45s, 72°C 120,
34 MG 72 °C 10 min; 4 °C {54, KM 1%H935
REWHEERE VKA PCR &34, 183 1 500 bp
AW, YITHMZW, #EHEYRE (K
O B AL 57 G A K Ik R RHEE A B2 w1
¥, BEREPTSLIN T, A =
1.5 0% 16S rRNA EEN ST EE
SFFIFIR [F ) 16S rRNA FEF], S AR
Wt MITE LR A3 M4 EzBioCloud® (https:/www.
ezbiocloud.net/)¥] 5 HI W43 2 il . iz 1] NCBI ¥
YHTELE BLAST MhifiE, HXREHZEF ., Bt
B B e 25 RARE B, 7E NCBI Hex i 72
SRR 241, LA EzBioCloud Xt
Z5 R . dJE M MEGA 5.0%7, SR AR 4%
(neighbor-joining, NJ)u: B Fiky i R 45
KB VR, B HUREE (bootstrap value) 1 000 7K,
PR R G B N A R e

2 GZRE5

21 AEMEERPEERIEMNIBEER

(Proteobacteria) W)  Sphingomonas 3 Ff .
Halomonas 5 ¥k ; J4 W '] (Actinobacteria) )
Brevibacterium J& 3 Bk; JEBEW [ ] (Firmicutes)H)
Bacillus 26 ¥ . Halobacillus 30 § . Oceanobacillus
10 ¥R AN Staphylococcus 1 ¥k, HEWFE 1.
22 4TEFEMILE

ISP3 HiFp e ik T I Z WMk, JFH
A Z B IR 54y 2 3] Oceanobacillus BT ; L
H AOM HEFRIENEH KT Sphingomonas Hl
Brevibacterium WANT , I H 5 HAMREFRIEALL,
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Table 1 Culturable bacteria distribution in phylum and
genus from 4 media

Phylum Genus Strains number Total
NHM AOM ISP3 dmMA
Firmicutes Bacillus 8 4 11 3 26
Staphylococcus 1 0 0 0 1
Oceanobacillus 0 0 10 O 10
Halobacillus 3 4 6 5 18
Actinobacteria  Brevibacterium 0 3 0 0 3
Proteobacteria  Sphingomonas 0 3 0 0 3
Halomonas 6 5 3 3 17
Total 7 18 19 30 11 78

SRR Rk TR Z 5 MR ; dmMA
B 55 AN S 37 B ok Halomonas . Halobacillus F
Bacillus 37 @ BI4NTE , 1 HA 3 FhRE IR I BE IR H
KT 2 DEgnm, Wi, ERAKYE,
dmMA iR RERA B R AR O EE: 5
Hh . IX 4 FRE IR RS IR TR W) HiE B
Halobacillus 1 Bacillus .
2.3 2MEERRER

MRS, SRR S%M 10%4 k3 i bk AicR:
—3, Yo 39 Bk, JFEAE 2 DI EAiL T
Halobacillus 1
Sphingomonas WA, WHLEDIX 4 FEMEJEIE NP

Bacillus .  Brevibacterium .

R2 HKMBELSBEREEIZRNMES S

TREERET 5%—10% T, AT & AT S
WEPE o AR 2 s AU 10% Y B 4l Ak 2
Halomonas 1 Oceanobacillus AN, RIX I
JERAE N A FREEAL T 10% M H R 76 5%I1WER
BRI AR5 IRk Halomonas 1 Oceanobacillus
RigR ok 1 Bk Staphylococcus, BV J& & v i) Eh
JFEALT 5% 2= AR
24 2 MEmAYELEL

A A Kk RS Sy # E) T Bacillus A
Halobacillus , HJE N - H 82 70 21
Halobacillus, W53 B FEEINERRE, MATER
KA BA B AUER KR ER T
Oceanobacillus . Sphingomonas F1 Staphylococcus;
I FE & + B 4> B 2] T Brevibacterium  Fl
Halomonas, £ 2.
2.5 RELREEXTFEEHL S

R 16S TRNA JEEPHIE RS54 B g
GenBank, #3503 3. EMFFREHERY 16S rRNA
FH PS5 A EzBioCloud FELSMITAIFIE 1045
HIWT; FEAE NCBI fi BLAST Lext, U BLEE e
¥4 — K AE RS Z P (R 3), MRIETE
99%—100%. #RJF 1 FH MEGA 5.0 JXIR(NT i)k
REREW, WE 1,

Table 2 Culturable bacteria distribution in phylum and genus from brine and saline soil

Phylum Genus Strains number Total
5% Brine 10% Brine 5% Saline soil ~ 10% Saline soil
Firmicutes Bacillus 13 2 2 26
Oceanobacillus 0 10 0 0 10
Staphylococcus 1 0 0 0 1
Halobacillus 0 4 0 14 18
Actinobacteria Sphingomonas 2 1 0 0 3
Proteobacteria Halomonas 0 0 13 4 17
Brevibacterium 0 0 1 2 3
Total 16 17 23 22 78

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



3992

(DGR7/E Sk

Microbiol. China

K3 AEMBERRAERPEERLEMNIBSETE

Table 3 Identification of bacteria isolated from Yexian county rock salt in Henan

Phylum Genus Strain Accession No. Reference accession Similarity Reference species
(GenBank) No. (GenBank) (%)

Firmicutes Bacillus MDI, etc. 6 strains ~ MT433867 MT120178.1 99.44 Bacillus zanthoxyli
Bacillus MI7 MT433865 MT120178.1 99.30 Bacillus zanthoxyli
Bacillus Z15, 718 MT433860 KT922010.1 100 Bacillus aquimaris
Bacillus DY3, etc. 5 strains ~ MT433877 KT922010.1 100 Bacillus aquimaris
Bacillus DNG6, etc. 4 strains MT433879 MT103052.1 100 Bacillus oceanisediminis
Bacillus DAS MT433882 MT211515.1 100 Bacillus tequilensis
Bacillus DA14, etc. 3 strains MT433880 KR708834.1 99.06 Bacillus velezensis
Bacillus LI2, L112 MT433873 MH144238.1 100 Bacillus marisflavi
Oceanobacillus Z16, etc. 10 strains ~ MT433859 MT110647.1 100 Oceanobacillus picturae
Staphylococcus DN8 MT433878 KT260365.1 100 Staphylococcus sciuri
Halobacillus LN6 MT433871 FJ444973.1 99.93 Halobacillus trueperi
Halobacillus ZN3, ZN24 MT433858 KJ563233.1 99.01 Halobacillus marinus
Halobacillus ZD31 MT433861 KJ563233.1 100 Halobacillus marinus
Halobacillus ZD21 MT433862 KJ563233.1 99.58 Halobacillus marinus
Halobacillus LD2, etc. 12 strains MT433874 KJ563233.1 100 Halobacillus marinus

Proteobacteria  Sphingomonas ZA10 MT433863 MT043729.1 99.40 Sphingomonas melonis
Sphingomonas DA7, DA9 MT433881 MK318593.1 99.85 Sphingomonas melonis
Halomonas MA20, MA22 MT433869 KP706816.1 99.49 Halomonas huangheensis
Halomonas Ml16 MT433864 MN166176.1 99.03 Halomonas meridiana
Halomonas LN8 MT433870 MN166176.1 99.50 Halomonas meridiana
Halomonas MD10 MT433866 GQ903441.1 99.84 Halomonas ventosae
Halomonas LAIL, LA9 MT433876 MH725332.1 100 Halomonas aquamarina
Halomonas LI16 MT433872 JQ799096.1 99.79 Halomonas boliviensis

Actinobacteria  Brevibacterium MA25 MT433868 KF424671.1 99.58 Brevibacterium iodinum
Brevibacterium LA3,LA14 MT433875 KM507608.2 99.98 Brevibacterium sediminis

3 WihE4R

TR EAAFERW . SRk WIS L L ST
LGP E N E B T, XS s SRR ET N I
JEVEER A W SRS AL T IR AR A BF SR L . ]
M EEER KRGS SR ESEZE, B
e EEER AR SR, HAR DG A Wy it
FERWARIE . Ry T I A A g S UE ¥
., K AOM, NHM. dmMA F1 ISP3 PUF £ #
FOrATE 5% 10%MFEREE TS, BRG]
B B R Yk KRR A e] B R v B R R TR Y
ZREME . BRI 78 BRANEIH S FIEEER T
ARTTE TR T 1T, X 45 B OB — o
TR A (B R BN AL pa K ) & e TR W 4

58 B L A R S o R U I 5T
— 5, B PR O X R S SR B R TR 5+ X
AP IR IR W A AL — 3, KU T R
DA K b 2 W0 0 I A W R T K B AE—
Y — 20

255 FERIAE R A3 253 1 H 4]
ERTA (Staphylococcus) . J8 ¥ 1 J& (Brevibacterium)
I 5 B F M B 8 (Sphingomonas) ) R 51, X 8L
AE W TE S ER T E DA R iR R LGB . 4
& (Brevibacterium) & 2 18 H A9 #i A7
WEZ—, A THREY | GOt | i
B2V 2 Fh IR BT I S S D I I I b 4y
R B R AR, BRI EA TR

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



SRBHEE: R S AT R v R R TR ) 2 A 3993

Bacillus megaterium (MK318794.1) g
Bacillus aryabhattai (MT214154.1) Do o
100| Bacillus flexus (MN229740.1) < 7;% S 5
o [@MI7-168 RNA (MT433865) E K § 3
® MDI et al. 6 strains-16S rRNA (MT433867) 2 § -g :§
@ DNGO et al. 4 strains-16S rRNA (MT433879) : § Y
35 WiBacillus oceanisediminis (MT103052.1) = —é) =2
0g,® LI2 L112-16S rRNA (MT433873) 28 3 2,
_l Bacillus marisflavi (MH144238.1) Bacillus = UJ ‘:E 2
38|88 @ DY3 et al. 5 strains-16S rRNA (MT433877) E u .g E
o7 @ ZI5 ZI8-16S rRNA (MT433860) E £ 8 ‘§
Bacillus aquimaris (KT922010.1) ol = I
® DA14 DA15 DA16-16S rRNA (MT433880) E, g,\g g 3
64 @ DA5-16S rRNA (MT433882) ESE Sy
100| Bacillus subtilis (KR708834.1) . 2 2 § :éob
5 Bacillus tequilensis (MT211515.1) § ST 2 g
M DN8-16S rRNA (MT433878) S Lo |:| z §
4100|Staphylococcus sciuri (KT260365.1) Staphylococcus | i g8 B+
A 716 et al. 10 strains-16S rRNA (MT433859) € £ iﬁg £3
100 1001 Oceanobacillus picturae (MT110647.1) Oceanobacillus RN ~§
90, W LN6-16S rRNA (MT433871) % 2 § g S
33 -IHalobacillus trueperi (F1444973.1) £ H% § 53 8
BN Halobacillus trueperi (KR347342.1) = g i '§° “:;,04
W ZN3 ZN24-16S rRNA (MT433858) [ jé j§ g g
100 |y Halobacillus blutaparonensis (MT125788.1) B ‘3 "‘1 .8 %
| | Halobacillus dabanensis (KT008292.1) Halobacillus ﬁ EF-Ag-I
3| ZD31-165 rRNA (MT433861) =B ¥ E 8
1w LD2 et al. 12 strains-16S rRNA (MT433874) £ £ L;fg 238
12| Halobacillus marinus (KJ563233.1) = g?K N § Q:
L w ZD21-16S rRNA (MT433862) ﬁfﬁ* £RE§ &3
O LA3 LA14-16S rRNA (MT433875) Z 5 § <h
100 Brevibacterium linens (AY243345.1) .5 E E % -§ .é g .
10| Brevibacterium sediminis (KM507608.2) T N ° 5_; 'H% ] .E)g g
12 Brevibacterium aureum (AY299093.1) -§ W 5o O g é S
18]r© MA25-165 rRNA (MT433868) f = 'é ﬁi -2~
92 Brevibacterium iodinum (KF424671.1 = m 2 i% % § §
95,4 DA7 DA9-16S rRNA (MT433881) W E ﬁﬁ’\‘? <e5
1()0[I Sphingomonas melonis (MK318593.1) Sphi ] 7 2 gag é ) ﬁ
phingomonas MR-
@ ZA10-16S rRNA (MT433863) B EigEd
98l Sphingomonas melonis (MT043729.1) o E % »% % § )
100,00 MA20 MA22-168 rRNA (MT433869) o w B8 T g g =
99 95| 'Halomonas huangheensis (KP706816.1) B iy '2 > g 8.2
O MD10-16S rRNA (MT433866) S EomgE8%
97\ Halomonas ventosae (GQY03441.1) § ;‘E E Z;E ~§ é %
100 100,01 L116-16S rRNA (MT433872) Halomonas | & m &z <§ s
Halomonas boliviensis (JQ799096.1) o= 2 = % g §§
O MI16-16S rRNA (MT433864) *‘f ~ %}gg § .‘é‘?
o7| Halomonas meridiana (MN166176.1) - : iy § é'é_.t;
5§ O LAT LA9 LN8-16S rRNA (MT433876) - E8S Y 58
—_— 72\ Halomonas aquamarina (MH725332.1) 7 E’ H‘j 4 g g 2
0.05
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it i B R . FEER S . WGER A S E IR T A
T F 5 Mk e P, B A T PR
7 B B 55 AT 1 (Brevibacterium) . % 22 -5 it 14 &
(Sphingomonas)) 1Z A Tk . £33, SVDIK
WomBrbst ) P B AUmiEDY, A A R Pl
STEENZIR AN o B 2B R & (Sphingomonas)
AT DA 52 W o 8 5 B0, AT AR 4% i B 43
¥, AT LARE R S T A B 9 an 05 B R AL G W)
&, BRI FhE T DAE AR I B-EE b
R, HA RGN B A R e i 2
T o3 B R 0 A BRI AT — 2P
B, WA ERZIm R R WA IR R, R
AR S S EU 2 T 5 FR . AL IRET |
SR I O A R 4 A A e el V4 PR E TR 0
AR, IR R —E S ARk
W (Staphylococcus) . % ¥ 14 J& (Brevibacterium) Fl 4
A 8 (Sphingomonas) ) & PR BH T i B25
R 2 R D I P B A

F AT 4> B T Halobacillus . Bacillus
Oceanobacillus 1 Halomonas 55 4 M g&IIME, X
SEUNTR R ER S . BRI DL SR A BRI L
(et . TIOR8 RS FRIELE 28 °C Fil
37 °C Jr ISR T s ISR VTR W rp B2 v
T, Bacillus. Oceanobacillus 1 Halomonas BB
BWEEE, RN ER T 29 Halomonas 25
#, JFH Bacillus 7545y &30 JE 5 A&+
JE o SRR SR e B e R A R b R K
P37 A 4 U200 2= g SRRl 3R i L BRSOk
DI SPIRER TR A K 1 e 21T B B £k
WU A AR LA, KR g R g R
AN AN Halospina . Pseudomonas =5 1# J& 7E A58 H
FEARL I TGS A5 VAT R i 5 POk
LTS B e X ER T A A 2 R S S, AT
REZ G £h iy BRI S g R B AR TR 75 25 20%—25% 1
I, EEREMAEEARY, mERITRANE 5%
1 10%F0ERE

FAh, (ERRFRITIH . AOM 1 NHM &% H
() W A 2 0 43 B B 7 P AR B R Y
WHE R, TE4 R IRIL B RIRY 34N 7N EHY)
UEEYIh, X 2R ER IR T 3 AT 6 MR
WAEY), WU, XMREE IR A R
W, X R NIEEE A & S E
PEAL TG RIS HF . ISP RANBYRE IR E 2 H
T HERIAEE . YN AR A B S K
SEPYS ABFge, I ISP3 R FRILEA AR
R, HEBAEBRLE, R IR
BRI T Oceanobacillus WA ; BARIE
FR dmMA A UGB RIVE 2RO R 2R, (A
LATH I K, R AN &3 T
Halomonas . Bacillus 1 Halobacillus 3 1™ J& e
P15 ISP3 Al dmMA B0 R ILH SCHRIRIE I EER
AT REERFAT AR (R, 5% 10%) 6K,
TEH = E(>25%) W IEAL T, ISP3 Fl dmMA FIfig
SRS ID IPSERT 7R DI G X7 8

AR GG oy B MBS FR 00 7 48 78 1 i e
B s b b B g R T A 2R, R S R
1. AR . WER ST DL R R A S A PR
AT YA AP TE R R I 22 5%, O HARAR T 52 5%
ME AR, ik — DS E R U E M TE
S A R AR R AR AL . A= Pl AL ) A
B T %, LA RARZR A 8 b 9 A 2 i
St T EAHRI B R . IR, T2 TR
oA SRR R ZRENE, BR TR S AR R Y
Fr e B NER RS L R LI 20 B A IR B AR
AR S R A0 B8 2 A, FAT] LE AR SR P e 0
IEARRADITE
Bufif: Bift=d B MAEDRARITOER LT, T
F K B IR A ) R K F 89S RO R A
AT BT B,
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