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Species diversity of culturable halophilic microorganisms isolated
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Abstract: [Background] Halophilic microorganisms living in hypersaline environment, and conceiving
unique physiological and metabolic characteristics, are one type of important microbial resources from
extreme environment. [Objective] To uncover species diversity of cultivable halophilic microorganisms in
athalassohaline salt mines in China, and to accumulate strains of halophilic microorganisms, this research
was conducted. [Methods] Culture-dependent approach was applied to analyze the halophilic
microorganisms from salt core samples of Dingyuan salt mine, Anhui province, China. Classification of
the culturable halophilic microorganisms was performed based on 16S rRNA gene sequencing and
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sequence similarity search. On this basis, some representative strains were subjected to colony
morphology, salt tolerance and enzyme activity assay. [Results] In total, 264 strains were obtained via
culture-dependent approach, of which 150 strains were classified as halophilic archaea, accounting for
56.8%, and 114 strains were affiliated to halophilic bacteria, accounting for 43.2%. Results of 16S rRNA
gene sequence similarity search showed that those strains belonged to six haloarchaeal genera, i.e.
Halorubrum, Halopenitus, Haloterrigena, Natrinema, Natronoarchaeum and Natronomonas, and five
bacterial genera, i.e. Pseudomonas, Aliifodidinibius, Halobacillus, Halomonas and Halospina. Through the
enzyme activity assay, one strain producing extracellular protease, one strain conceiving esterase activity
and two strains presenting amylase activity, two strains hydrolyzing the gelatin, were found among these
selected species. Furthermore, species diversity index of the halophilic archaeca was higher than that of
halophilic bacteria. [Conclusion] This study reported the species diversity of the culturable halophilic
microorganisms isolated from the Dingyuan athalassohaline salt mine (Anhui, China). This study gives us
a better understanding of the microbial resources in athalassohaline salt mines, and accumulates rich

microbial resources for further application.
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Table 1 Geographical location of sampling sites
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i EEN HO IR E W KA H 1
Sample Salinity (%) Geographical location Depth (m) Sampling date
25 23.50 E32°3024.60", N117°29'48.54" - 23/05/2016
724-3 99.50 E32°3023.88", N117°29'44.16" 381-385 23/05/2016
724-8 305-310 23/05/2016
E: - T8

Note: —: No data.
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%2 PCR¥ 13[4

Table 2 Primers used in PCR amplification

519 751
Primer Sequence (5'—3")

18F ATTCCGGTTGATCCTGCC
1518R AGGAGGTGATCCAGCCGC
27F AGAGTTTGATCMTGGCT
1492R CGGTTACCTTGTTACGACTT

PCR FZ % 4F: 94 °C 5 min; 94 °C 45 s, 53 °C
45s, 72°C 1.5 min, 35 ME¥; 72 °C 7 min,

PCR #4728 434 BL 5.0 uL PCR F=# kA7
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PEATHETF 16S rRNA 3 [H 7 5145 B 1 4 2 b 57 47
o o

TEIRAZ A o3 ML AL FE b X T g vt TR RN
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2 ZER545H0
2.1 EEEH EFERMEISHERGT
2.1.1 FHEFERHEDIFH TS

LA FE S, OB R Eh A A RS
FEERTH 264 Bk, 16S rRNA KD F 5 AL 20 &5
R, HrprgE b 150 Bk, "EERANET 114 Fk.
g 5 T T 43 9 )@ T Halopenitus. Halorubrum,
Haloterrigena. Natrinema . Natronoarchaeum 7
Natronomonas %5 6 NJ& . W& 4 4 5l )8 T
Aliifodinibius, Halobacillus, Halomonas, Halospina
F1 Pseudomonas % 5 V& .
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Table 3 Taxonomic position and distribution of halophiles isolated from Dingyuan salt mine

FEG 25 IOEERE KRR Z24-8 I KRG Z24-3 T

TR ekt 5 H HRECRE S D] BRI S Hf)
S Number and Number and Number and
N . ~ Number and roportion of roportion of roportion of
R 6}%?%{“1 ) proportion s]srairr)ls isolated s?rai]:ls isolated s?rai]:ls isolated
Types Taxonomic position from sample 25 from sample Z24-8 from sample Z24-3
7S e R 0 I 7 S Ty 7 L7 S o 2 B 7 S g ]
4 Proportion 4 Proportion b4 Proportion b4 Proportion
Strains (%) Strains (%) Strains (%) Strains (%)
FEER B Archaea, Euryarchaeota, Halobacteria, 95 36.0 80 37.4 15 32.6 0 0.0
Haloarchaea Haloferacales Halorubraceae,
Halorubrum
Archaea, Euryarchaeota, Halobacteria, 35 13.3 30 14.0 2 43 3 75.0
Halobacteriales, Halobacteriaceae,
Natronoarchaeum
Archaea, Euryarchaeota, Halobacteria, 7 2.7 6 2.8 0 0.0 1 25.0
Natrialbales, Natrialbaceae, Natrinema
Archaea, Euryarchaeota, Halobacteria, 6 23 6 2.8 0 0.0 0 0.0
Natrialbales, Natrialbaceae,
Haloterrigena
Archaea, Euryarchaeota, Halobacteria, 6 23 6 2.8 0 0.0 0 0.0
Halobacteriales, Haloarculaceae,
Natronomonas
Archaea, Euryarchaeota, Halobacteria, 1 0.4 0 0.0 1 2.2 0 0.0
Haloferacales, Halorubraceae,
Halopenitus
At 150 57.0 128 59.8 18 39.1 4 100.0
Total
FEEL I Bacteria, Proteobacteria, 107 40.5 80 374 27 58.7 0 0.0
Halophilic Gammaproteobacteria,
st Pseudomonadal es, Pseudomonadaceae,
Pseudomonas
Bacteria, Protecbacteria, 3 1.1 2 0.9 1 22 0 0.0

Gammaproteobacteria,

Oceanospirillales, Halomonadaceae,

Halomonas

Bacteria, Balneolaeota, Balneolia, 2 0.8 2 0.9 0 0.0 0 0.0
Balneolales, Balneolaceae,

Aliifodinibius

Bacteria, Firmicutes, Bacilli, Bacillales, 1 0.4 1 0.5 0 0.0 0 0.0
Bacillaceae, Halobacillus

Bacteria, Protecbacteria, 1 0.4 1 0.5 0 0.0 0 0.0
Gammaproteobacteria,

Oceanospirillales, Hahellaceae,

Halospina
At 114 43.0 86 40.2 28 60.9 0 0.0
Total
J=San 264 100.0 214 100.0 46 100.0 4 100.0
Total

T ARG ALEIET 16S tRNA JEFEFHIARMIESTHERT. Z24-3 F1 Z24-8 PIAFEM LIRS 5 381-385 m 1 305-310 m.
Note: Taxonomic positions of halophiles were inferred based on the 16S rRNA gene sequence similarity analysis. Buried depths of Z24-3
and Z24-8 are 381-385 m and 305-310 m, respectively.
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Halobacteriaceae, Natrialbaceae F1 Haloarculaceae
4 FE WEERARTRE 5 & 73S J& T Balneolales,
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Halorubraceae .
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BIHPEAY 63.3%.23.3% .4.7%.4.0% .4.0%F1 0.7%.
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¥k 2 #k, Halobacillus J& E ¥k 1 #%, Halospina & 4
PR 1BRGR 3), 2000 5 TR AT 2 B AR 1 93.9%
2.6%. 1.7%. 0.9%7%1 0.9%.

FEVEEL B, >k A T Halorubrum [ R AR L
iR, AT 95 Bk, LT B EARRY 36.0%,
7 TS S MR T TR SR 63.3%, UEWIERLLTAE
(Halorubrum)# i > % A= 55 g £ 5 147 (9 A A #h
(B 1o TEFT B M2HE T, Pseudomonas B kA
107 £k, & B B RARECR 1Y 40.5%, 5T e
B 93.9%, Ul B BB 11 I )& (Pseudomonas)
Poh iz A 55 ) Ve SR A T R AR AR (1 1),
R, WAL R 40 1 8 (Hal orubrum) ) fil Fil
i 5 il 74 J& (Pseudomonas) ) i & i it £k 4 H 1Y
(WL 7k S
22 AESAHBRCHEMAMIEFRIERMEYLER
2.2.1 25 F0 724 S HRERR R E DI FE K
EbER

M 25 F1 224 ERIEFERL R, 23503 B B e R
AW 214 BRA 50 BR(FE 3). FE 25 SENERES
AIEERTE 128 Bk, FEERANTA 86 fk; FLhEiR
Bk JE T Halorubrum, Haloterrigena. Natrinema,
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80 - = Halospina
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= 70} ==
& 70 I =« Halobacillus
g 60 - Aliifodinibius
£ 50 + « Natronomonas
S 40+t = Natronoarchaeum
£ 30 = Natrinema
an = Haloterrigena
20 + S
= Halorubrum
10 | .
0 = Halopenitus
Halophilic Halophilic
archaea bacteria

1 ERRYTHRAUEFERMEDDHERER
IKF)
Figure 1
(genus level)
T AFEBEARRAFBEEMEY, HafRizE bt
Note: Different color represents different genera of halophilic
microorganisms. Height of the column represents the proportion
of this genus.

Culturable halophiles in Dingyuan salt mine

Natronoarchaeum Fil Natronomonas 5 > J& ; 41 5k
J& T Aliifodinibius. Halobacillus. Halomonas .
Halospina #l Pseudomonas 5 ™)@ . 724 Lk
H, AREER T 22 Bk, TR 28 Bk g R TR
J& T Halorubrum, Haloterrigena. Natrinema 7
Natronoarchaeum 4 ~J&, 4iE k)& T Halomonas
Fl Pseudomonas 2 ~J& . MEZJKF-EF, P-4
R EELTHE DA BB AL, 25 S OE
T T 224 FEA TR R SRR RUE MR
MOFE S 25 4y 515 B g R T b
Halorubrum J& 45 80 £k , Natronoarchaeum & 30 £k,
Haloterrigena J& 6 %k, Natrinema J& 6 ¥k,
Natronomonas J& 6 t&, 434l & Fir o3 25 Al B 52 g 4k
TSR 62.5% . 23.4%. 4.7%. 4.7%F 4.7%:;
TERT3 B AT B EER AR, 4011504 Pseudomonas
J& 80 ¥k, Aliifodinibius J& 2 ¥, Halomonas J& 2 #,
Halobacillus J& 1 #k, Halospina J& 1 #k, 4351t g
HRANE DB IR 93.0% . 2.3%. 2.3%. 1.2%F
1.2%c MEIE 224 Fhiy v o3 B A5 B g E i
Halorubrum J&45 15 £k, Natronoarchaeum &4 5 £k,
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Natrinema J&{{ 4 1 ¥k, Halopenitus JE LA 1 #%,
A3 50 o5 BT 43 B AT R i R TR SR 68.2% .
22.7%. 4.5%FN 4.5%; ol FEngEh an i
J&F Pseudomonas 1 %47 27 #% , J& T Halomonas
MR RRIUCAE 1 BR, 4350 o5 W8 5 41 TR 43 25 P AR 1)
96.4%%11 3.6%.
2.2.2 25 1 Z24 BEHRERMEDRE M
S

TERESL 25 4T B AR 3 1 AT 55 FR g Eh it
Halorubrum J& B #E 80 #k, (5 441 37.4%, (ST
Iy ESWEER T 1Y 62.5%, R A 35 g R T T 1Y)
PPl Halorubrum J& R FE; FEEh4HT
Pseudomonas J& B E KA 80 Fk, 7 25 FEM T
BB 37.4%, HIEERATENY 93.0%, P EEE A
E R EY Rk Pseudomonas J& FE kK (E 2). kE
ihoZ24 o BRI R, ER R R
Halorubrum JE A 15 ¥k, 5 224 RSB 25nl
R FREE B RBU 30.0%, HIEEL Y 68.2%:;
FEEL A T, Pseudomonas J& AR 27 K, A
B 54.0%, AN 96.4%, 20T H AP
YIFh(E 2), BTSSR ER, FERGKFE L, 25 F
224 EINFE S PR R, P SRR AR Y

100
90 L Pseudomonas
g0k = Halospina
Halomonas
9 70 | « Halobacillus
S 60F = Aliifodinibius
&b 501 - = Natronomonas
= = Natronoarchaeum
% 40 - ——— - = Natrinema
& 30+ B - Haloterrigena
20k « Halorubrum
ok = Halopenitus
0
25 724
2 EIRERE HEMR 25 F1 724 AT FRRE R MLARLEL
BBRKT)

Figure 2 Comparison of culturable halophiles between
samples 25 and Z24 on genus level

T AHBEAERAFBEEEMEY, R ERz)E L.
Note: Different colors represent different genera of halophilic
microorganisms. Height of column represents proportion of
genus.

DL Halorubrum J& kK R 3=, AT EEFRAE SR Al E HLA
Pseudomonas J& F# ik~ 3.
2.3 FEHERATEFIERMEDELR
2.3.1 AEMEREIER S RIEE R E Y FHE R
bR

724 EEFEER SRR Z24-3 F1 224-8 Z3 IR EA
[ U HRIR (e 1) X Z24 £007 Fr 43 15 1 ] 1 77 gk
A AR A AT B, KRB Z224-8
73 B B R A 1) 46 PROEE T TE 18 Mk, 4l
28 BR), MM Z24-3 F{L53 5] 4 BRGY B
W)(# 3).
232 AEMERIESH RERMEDREDF
S

TERERL Z24-3 o351 4 BRAT R FRIg R T
Natronoarchaeum J& KA 3 Bk, 5 BB 75.0%,
PRI T R AL Natronoar chaeum & B ik
(K1 3)o Z24-8 Fhty FF 5 BT o0 B e 45 20 Ak s v
Halorubrum J& AT 15 ¥k, &5 Z24 #5402l
REFRE R T BB 32.6%, (T Y 83.3%, TiT
o A R 0 R RS R LA Rk R A
#J& N Halorubrum; FEEE4AHTA ', Pseudomonas
B 27 7K, 5 Z24 BER Ty B T RS SRR S A

100 -
90 + Pseudomonas
80 +
= Halomonas
S 70 +
> 60+ = Natronoarchaeum
g 50l
= Natrinema
5 40r —
L 30t « Halorubrum
201 = Halopenitus
10 -

724-3

N
o
.JI>
)

3 7224 BB HRARREERMEMERBR
KF)

Figure 3 Components of culturable halophiles along with
different buried depth of Z24 salt core sample (genus level)
I ARBEAERAFREESRMAEY, LR RZE LT,
Note: Different colors represent different genera of halophilic
microorganisms. Height of column represents the proportion of
genus.
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MEH 58.7%, HMEELANE A 96.4%, Wi
Pseudomonas A & £k 41 & H 1A 34 (] 3).
24 TFIREH HF@MAEFIERMEIIMZHE
Ky
2.4.1 25 0 724 ENEAIEFRE A SR
MEEEER

X 25 F1 224 WA 3R 04 i BT o s i Al
REFRmgE Y, LIFET 16S rRNA FE K 741 A
PR A I e 7 Rl OR SE Ak, SEAT IR ZAERE
B, N 4 FR. FEG 25 MIRB R RIS 3.2,
FERAEE 0.8; WEE RSB A AR IR ECh 3.3,
FAETRAGHON 0.9; FEER AN R KRB A RIGE R 0.5,
FEFRAEHON 0.1, 224 ERNFES BRI E A AEECN
2.2, FEARAEECH 0.7; WL W FALARECY 2.5,
FUTRAEHON 0.8; RBERANF I ERIEECY 0.2, ¢
WARIRHCN 0.1 (£ 4). L, Joere Rk b, mgdh
WIS SRR AN Jr A, 25 FESh R R ZRETE
W& T 224 FEGh . A, TEFTRFEMEAAT, 3
T AR (R SRt TR ) P AR R B AR AN B
242 TImET T RERAIEFELBE DM
M

XHE LR RES 224 AP RRAS [ R FE A £
ISFEAR(Z24-3 F1 Z24-8) T3 B W AT B FRIE R Ak
P Z R T EE A AT . IR 5 B, AR
Z24-8 W ER | WEER T RN RE k4 B 1) A AR By
WA 2.0, 2.2 F10.2; FEARIEE N 0.5, 0.3
0.1 TMFESY Z24-3 (REMA . REER T B FNmRg R 20
HERIEB 90 0.8, 0.8 F10, AR5 5004
404,04 F10, G55 BN, 224-8 (HTK: 305-310 m)

T4 HESR 25 F0 724 OIS FRESN RMIM 2 REMELLER

Table 4 Species diversity of culturable halophiles in
samples 25 and 724
. - 2 N &L 21
sreppen oW T R
. . General Halophilic Halophilic
Diversity . .
ind index archaea bacteria
Hmaex 25 724 25 724 25 724
Shannon  3.166 5 2.204 3.3336 2.4772 0.4989 0.222 3
index
Simpson  0.814 4 0.664 0.8724 0.7727 0.133 3 0.068 9
index

®S 24 BOHERIRREERMEMNS LS
Table 5 Species diversity of cultivable halophiles in Z24
along with the different buried depths

. " S5 g & W kg

. . General Halophilic Halophilic
Diversity . .

ind index archaea bacteria

MOX " T7243 7248 7243 7248 7243 Z24-8
Shannon 0.8113 1.9585 0.8113 2.1916 0 0.2223
index
Simpson  0.3750 0.5463 0.3750 02901 0 0.0689
index

HI R ZREVEE T Z24-3 (K. 381-385 m), H.
Z24-3 FEAL TR IR 3 BRI RBERANTAT, MEE T YA
WL, WA BRI, YR p—
M Z24 ERISFE S TR 7 1 PR 2P R R
MIRRE , BRI S T A P e AR s b
VR B 358 T i ARG i 34
2.5 FRBUHFE
2.5.1 BEERSTHE
M5 B AR B 264 BRA HBEEL 21 #RICE A
PRUEA TR FR 85 3%, B 1 MRIEACEE 1 ANEFR, H
HRIEEL I 17 Bk, PEERANTE 4 Bk, WP BUR
FKHEMREIEIE SR, 42550003 6 FrR. Fra g
LR EEIEEYNETE , B0, B H iR
R BEAPAN, BN EAL. . B
21 JRLIPUFRAL, IR AN BR LN124 HE N E
thh, RSB IR R T TR TS K Z BB
BOREN ; EER A IR AR EN
252 EHREMEFE
Xof T B PR AR i 4l A A T 2 R 8 2
OB LR, 2553k 6 B, H 17 thgih
W L AN B 4 bRIEER AN R 1 RN
B FCPAYERT, 3 MROM AL R . Wb B
WEBIE S NZTE , K/ANA—3, WEEL AT B bk
BROEEBAIFR, KA —2
2.6 IR {CEHE
2.6.1 A4 NaCliKESEE K i&i&E NaCliRE
R T TR AE R SRR BEE R 2400 1.4-5.0 mol/L,
FodE A KR EE L2800 3.4 mol/L, 44 2.5 mol/L
5 4.3 mol/L. FEERAN A AY AT A= KRV FE u 4 g
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Table 6 Phenotype and salinity requirement

RTRRHE HERS i3k
Colony characteristics Cell morphology Salty tolerance
e E3li o
ik fﬁﬁfmt o g JON W RGE
Strains e closes , Hifs, EE 90 m Ttk VR
b I Color Transparence Easily C R Shape Size Range Optimum
(mm) PR picked SO Gramestain P (um)  (mol/L) (mol/L)
or not
LN27 Halorubrum 1.0 f@erta i 4+ + = 2% 04-0.6x 2.5-43 25
aidingense 31-hong” G Mo 1012
LN189 Halorubrum 1.5 f@enrts i 4+ + = 2 0.3-0.5x 14-50 34
3 T
aquaticum EN-2 Orange Pleomorphic 1.0-1.3
LN145 Halorubrum 12 14 A 4 + = 2 0.3-0.4x 2.5-50 34
arcisA1201" Red Pleomorphic  0-8-1.0
LN187 Halorubrumcaliforniense 2.0 Z1fa A 4 + = 2 04-0.6x 2.5-50 43
T
SF3 213 Red Pleomorphic 0.9-1.1
LN59 Halorubrum chaoviator 1.5 fmat i 4 + = 2 0.5-0.8x 2.5-5.0 43
T
Halo-G Orange Pleomorphic 14716
LN74 Halorubrum L5 218 + + + - E2iA 0.5-0.7x 2.5-50 43
halophilumB8' Red Mkgmorite Lo 1o
LN226 Halorubrum L1 fmat i 4 + = 2 0.5-0.7x 2.5-5.0 43
kocurii JCM 14978" G Moo 1514
LN213 Halorubrum 1.0 #met i 4 + = 2 0.3-0.5x 2.5-5.0 43
lipolyticum9-3" Orenge Blwieisiy I
LN58 Halorubrum 12 168 + + + - £ 0.5-0.8x 25-50 34
persicumC49" Red ks LK
LN137 Halorubrum 1.5 fmat i 4 + = 2 04-0.6x 2.5-50 34
3 i
trueperi Y73 Orange Pleomorphic 1.0-1.1
LN110 Halorubrum 1.0 Herfo A + 3 = ESIA 04-0.6x 1.7-50 34
yunnanense Q85" Pink Blsieigty
LN16 Haloterrigena 22 Wyt - + + = 2T 04-0.6x 1.7-50 3.4
jeotgali A29" Pink Pleomorphic 1.2-15
LN243 Haloterrigena L1 e - + + = EZi2 06-09x 25-50 3.4
saccharevitansAB14" Orange Pleomorphic 1011
LN10 Natrinema pellirubrum 0.8 Wyzrf A + 3 = ESIA 0.3-0.5x 2.5-50 34
DSM 15624 Pink Pleomorphic 1012
LN108 Natronomonas 0.7 Refn 3 4 F - ZIK 0.6-0.8x 14-50 25
i T
mool apensis8.8.11 Light red Pleomorphic 1.1-1.3
LNI121 Natronomonaspharaonis 0.2 &4 A + 3 = ESIA 0.6-0.8x 2.5-50 43
T
DSM 2160 Orange Pleomorphic 1.0-1.6
LN185 Halopenitus 1.0 Igerto A + 3 = ESIA 0.5-0.8x 14-50 34
- T
malekzadehii CC65 Orange Pleomorphic 1.0-1.5
LN97 Pseudomonashalophila 1.0 J%&#fa = A = = AERRLR 04-0.5x< 1.7-43 25
T
DSM 3050 Light yellow Rod 1.3-3.83
LN124 Halomonasgudaonenss 5.0 [ = o = = AERRLR 0.3-04x 02-34 1.7
SLO14B-69" White Rod 1.6-10.5
LN84 Halaobacillus L1 Rt - i 4 + SRR 04-0.5x 0.1-43 14
i T
dabanensis D-8 Light yellow Rod 1.3-3.83
LN246 Halospinadenitrificans 1.2 ki, - + + - SEFTIR 04-0.5% 14-34 14
T
HGD 13 Light yellow Rod 1.1-5.0

e+ PR - BAME.

Note: +: Positive; —: Negative.
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R R, RBEHEAEMT 1.4 mol/L i) NaCl ¥
JEFMFRZABRA A, MR ER AT LN124 F1 LN84
A3 SRELE 0.2 mol/L 11 0.1 mol/L Y NaCl ¥ J&F 551
THEKGER 6),
2.6.2 FrEE4FME

TEFT eI 21 MR R(EER S 17 1%,
WEERANTE 4 M), FeIANE AR PR 1 fR, BRAG
1Bk, JEMEE 2 Bk, BIRCHE 2 tk, SAMLREE 3 fk, fi
fiti 20 #R(FE 7)o 17 RRFEER TR BA MUSME (1
e, YA G, EET I LN137 kA
A MANERTG . SEREG . BHIREETE P . g AR 40 TR
LN124 B EANM . ChHE. PREEE.
3 WwE4®

DRI N P LA B RS , Ky
HIZEEZ) 150 m, RIWHIATUR, DIERBIARFNRK
WVEAR R = AR R B AR R T R PR
JEREA, HWIMNAEAFEE R, R
A, W S ERA REHO R Al M —r

x=T REINEEENE

Table 7 Detection of extracellular enzyme activity

it B4 3 650 JTARRGEO FA il Al RIS
MBI R H 43 B 3] Halorubrum, Halopenitus
Haloterrigena . Natrinema . Natronoarchaeum #ii
Natronomonas %5 6 4~ J& % g £k o5 B8 4 Fl J
Pseudomonas. Halobacillus, Halomonas. Halospina
F1 Aliifodinibius 55 5 & 1Y #E Eh 4 = b

TE & foE R B & B Y Natrinema |
Natronoarchaeum F1 Natronomonas %5 £k B B
WRAE = P R0 TP D L 5 TAE 2 B R b 2 LY
Haloarcula

Haloferax . Halogranum |

Halomicrobium, Halobacterium #1 Natronococcus
S JE R RTEANT ST AR B 2 . FEREER A0 )7 I,
WCE IR/ 2 ) 1Y Pseudomonas, Hal obacillus
1 Hal ospina %5 J& TR HR7E = i #h 7 Hh A8 b I

M1E = Eh 8 & PLIY) Erythrobacter . Pelobacter
Desulfuromusa . Desulfovibrio . Anaerophaga .
Halovibrio, Halanaerobium, Methylohalomonas.

Sediminimonas. Thiohalorhabdus 25 & # ¥k 76 A< 1

(LS PR Ssun il 5 i i i TE K i B e it AL fih
Strain The closest species Protease Esterase Amylase Gelatinase Oxidase Catalase
LN27 Halorubrum aidingense 31-hong" - - - - - +
LN189 Hal orubrum aquaticum EN-2" = = = = = %+
LN145 Halorubrum arcis AJ201" - - - = = +
LN187 Halorubrum californiense SF3 213" - - - - - +
LN59 Halorubrum chaoviator Halo-G" = = = = = +
LN74 Halorubrum halophilum B8" - - - - - +
LN226 Halorubrum kocurii JCM 14978 = = = = = A
LN213 Halorubrum lipolyticum 9-3" - - = = = +
LN58 Halorubrum persicum C49" - - - - = +
LN137 Halorubrum trueperi Y73" - + + + = +
LNI110 Hal orubrum yunnanense Q85" = = = = = +
LN16 Haloterrigena jeotgali A29" - - - - - +
LN243 Haloterrigena saccharevitansAB14" = = = = - +
LN10 Natrinema pellirubrum DSM 15624" - - - - - +
LN108 Natronomonas moolapensis 8.8.11" — = = = = +
LNI121 Natronomonas pharaonis DSM 2160" — = = = = +
LN185 Hal openitus malekzadehii CC65" - - = +
LN97 Pseudomonas halophila DSM 3050" = = = + =
LN124 Halomonas gudaonensis SL014B-69" - + + = +
LN84 Halobacillus dabanensis D-8" - - - - + +
LN246 Halospina denitrificans HGD 1-3" - - - - + +

W b PBHE; - B

Note: +: Positive; —: Negative.
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bR BRI X RIAREET TR
MR AR | B AR A R 5 s A AR
], 2R T 45 A T4 A A 0 A R S 4 o e i
A ARG SR E MRS, AR A MR T A
T3 5 5O e 20, (H ) 22 ROk g R =R
fF, XTREME e TE R A B E K2R

AW IE L BOE LR T 4 B g AR T B R
Halorubrum J& kA 95 ¥k, MizA: B rgEh i wi i
R, X5 2006 4 B I SEXT = B Eh i i o
s I peah, 7R M R EAEE b K B
Halorubrum J& Rk ML SR, 60 1% 8 1
PR i R AT ELAG B (3B N RE T, AT REIEFE LT
PR sy 5k B . R diRIE Halorubrum J& g R X
IBEER VR A B R A N Y ], BB TR A P LA
HEA A AT IREE , B33 2o Bk i 2 5L PR 4 1 7 =X
ST IV AR AR B PR 45 E RO

TEFi 43 B W SR 41 TE 5 1T, Pseudomonas J& 47
Pl LR L0 WG SR AR T AW, 7E = a3
WP RS R A Pseudomonas J& Wi EAE, (B
ARG, FFAERMRA . 7 R X
SEXS R A B SR AN R BFSE R, 2R Bacillus
R R e R AR R VARSI o 171
Pseudomonas J& ¥l - A 76 45 Fl iR 0 AR BE h 1 B
BRSP4, T 7E S e R A B S 57 T BB T
HEAT HeiZ AR 55 e A R 40T B SR A R o AR A
ARG EE R, Pseudomonas J& 1l HuAth Ja8 114 20 T
HA AT, SE7E 1.7-4.3 mol/L $hik & %
AT

ABFE M L ER 53 23 Halorubrum J& #1
Pseudomonas J& B R H 73518 95 A~Fi1 107 4,
16S rRNA &P 53 B 235 AU B9 e 28050 1l
1AL AT E R BTN B B 11 F
1).Halorubrum J& i3 & W Fiist BATE AR ER A
Berp, YRR AR LS PR B RS, 3 R S I 4 BELRT
REASIEUEYIRITE B o AR, R B P o3 A A 150 B
Halorubrum J& %)% il GE1E 28 7 P P sk 401 g
JERLY, R Halorubrum J& ¥R 7e 345 414 1l

AE LEAE 28 7 TR B TEE A | s Bt e [R] 4 oA 72 skt
BB AR ET R B AT R, M, [RITE
AR, GRH 1 4> Pseudomonas J& 4 Fil
(Pseudomonas halophila), 5] 1Ak Z A [\ ik
) 16S rRNA FERE P JLFBA A4S, 3]
Pseudomonas J& ¥ i 1E Ab £ — A FPRs e B . iz
YRSz AR B RS, BT S e 1A R AR
AL, PR EREE RIS N . FREEXT PR 0 B L
FEATRBIEA, AL HET R AT BE RN

B : R BT LR A A F IR WA B A
FEZRT @AETHE.
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