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Abstract: [Objective] To investigate the functional characteristics of cultivable extreme halophiles by
analyzing the differences of community composition of extreme halophiles in salt lakes with different
types of salt formation. [Methods] Soil samples were collected from Qijiaojing Salt Lake (sulfate type)
and Nanhu Salt Lake (carbonate type) in Xinjiang, and extreme halophiles were isolated by the dilution
plating method. By morphological observation and characteristic analysis, the representative strains
were screened. The salt-tolerance of the strains was tested and the 16S rRNA gene sequencing was
performed. Functional activities of the extreme halophiles were also detected, including protease,
amylase, cellulase and lipase activities as well as phenol degradation ability. [Results] A total of
1 679 strains of extreme halophiles were obtained, and 45 representative strains were screened, which
belonged to 5 phyla and 14 genera, and the number of archaea (accounting for 70.58%) was
significantly more than that of bacteria. The optimal salt concentration for growth was in the range of
18.4%-20.0%. At the genus level, the dominant groups were Haloterrigena (32.94%) and Natrialba
(26.03%) in archaea, and Aquisalimonas (9.85%) and Aliifodinibius (8.10%) in bacteria. In the two salt
lakes, the species richness of Nanhu Salt Lake with lower salinity was higher than that of Qijiaojing
Salt Lake, but the composition of archaea species was similar, mainly Haloterrigena. There were
differences in bacterial community composition; specifically, Aquisalimonas was dominant in Nanhu
Salt Lake, while Aliifodinibius was dominant in Qijiaojing Salt Lake. Functional diversity screening
showed that the total positive rate was 80%, and 42.58% of the strains produced amylase and were
classified into Natrialba. Extreme halophiles producing protease, cellulase and lipase accounted for
9.71%, 9.29% and 7.21%, respectively, and phenol degrading strains occupied 11.14%. [Conclusion]
This study revealed the diversity of cultivable extreme halophiles in Xinjiang salt lakes. Archaea was

the dominant group and there were also diverse bacterial species, displaying significant activity of
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various functional enzymes. Additionally, the dominant Natrialba, Haloterrigena, Aquisalimonas and

Aliifodinibius had great application potential, which could enrich bacterial resources for future research

and application, and were worthy mining.

Keywords: halophilic microorganisms; extreme halophiles; salt lake; functional diversity; hypersaline

ecosystems
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Table 2  Distribution and quantity of extreme halophiles

Kingdom Phylum Genus Number Percentage/%
Archaca Euryarchaeota Haloterrigena 553 32.94
Halalkalicoccus 17 1.01
Natrialba 437 26.03
Natrinema 178 10.60
Bacteria Proteobacteria Aquisalimonas 140 8.34
Halomonas 82 4.88
Halofilum 12 0.71
Rhodothermaeota Aliifodinibius 136 8.10
Firmicutes Alteribacillus 58 3.45
Bacillus 36 2.14
Gracilibacillus 4 0.24
Actinobacteria Saccharomonospora 13 0.77
Haloactinospora 0.48
Actinopolyspora 5 0.30
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Table 3 Diversity index of culturable halophilic extreme halophiles in two salt lakes

General index Halophilic archaeae Halophilic bacteria
Diversity index i LMt W LMt 3 i) LMt
Nanhu Qijiaojing Nanhu Qijiaojing Nanhu Qijiaojing
Shannon index 1.93 1.82 1.08 1.05 1.80 1.70
Simpson index 0.80 0.78 0.63 0.68 0.79 0.79
Evenness index 0.49 0.47 0.74 0.72 0.60 0.68
(A) (B)
100 100
50 80 = Natrialba 8
= & 00 Haloterrigena
s Q
g 60 E 60 Hl Natrinema dineliaea
g E BH Halalkalicoccus
.g 40 ,§ 40 [I11 Aquisalimonas T
B = B Aliifodinibius
L2
T = 20 Halomonas
E=3 Aiteribacillus
0 0 Bacillus )
Bacteria
B Saccharomonospora
Halofilum
C D
© 100 ®) 100 - . Haloactinospora
. . B Actinopolyspora
80 80 Gracilibacillus “
g = .
: 3 m N B Phenol
s 60 HH g 60r
"g i 'g Cellulase
£ =) .
< - L
B
g = Amylase
2 & - P
20 IIIII 20+ rotease
; i ills

1 EEREYMYMS TSRS FN

Figure 1 Species distribution and functional diversity of extreme halophiles. A: diversity of extreme
halophiles in salt lakes; B: diversity composition of extreme halophiles in four media; C: functional diversity
of extreme halophiles at different genus level; D: enzyme activity in salt lakes.
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A S ARRLE TA), TR EHEAT L
Haloterrigena JBNE, WMEARLL Aquisalimonas
J&H Aliifodinibius J&0E, BRSNS T LA
LI rEER A e, (ATEANE I A =
5, IR AE— LR IR, AN Actinopolyspora .
Gracilibacillus J&(El 1A).

25 AEHEFRESBWRELB S
2.5.1 AEIEFEFEAIEFRIRERNED
o BN

T 4 IR AR B MR B A . vE R
PRI ER AN TR 1Y Simpson $54UF1 Shannon $5 %4
W5 4 s o MBI B&, NOM REFR3ER) 2 4>
TEBAR e, 20 B A AT B SR A AR R )R 2 AR
VA 3 Fh AL, TE 4 SRS B
IR AR IR Z AR, WSR2
FERCHR Tl TR, DR A Y 4 TR P A A

x4 MOMEFEFIETEFREREIHSHMEEY

T

B o X NOM Kigidk
RIE A F TR i i g R T A 4 1, 4 E
(AR U W 6 TR JC IR S 1 BRI SR A T, 2R
FLILAR LRI SR E S . AR NOM KE 54y
B 510 134N &, BRT Halofilum J& A 7
), R—ZMFEEEFRIEE 1B).
2.5.2  A[E)HE TR BRIk AT S SR AR P B AR
4H AR LR

4 ik s 55 5 NHM . HM , AOM Fl1 NOM
Ay BISRAR AR 751 Bk 514 Bk, 234 fRFI
180 PR(FE 5), i BWARE 44.73% . 30.61%.
13.94%F1 10.72%. HHERH, NHM Ki33t5
g AR Z, Ok HM B3R
NOM HAR BRI EA L, HEHEEE.

4 Fhif R R AL, NHM HPEEEEE | EE
FRAXTT HM 8/, 27 1 g/L NEREREN, H
AL — 3 1 NOM W5 = 7E AOM (1) 3 i
2T REEREN . 4 BhGE RS R A AR T
TPk 484 (40.84%).416 (35.11%).176 (14.85%).
109 (9.20%)Fk. Hrf, B3R5 NHM 4385 #
Bk Z, HCh HM B30, % 2 fhdg gt
EIE AT EAERK . BEER, 4 FhsR
O A A R A e T A, Hob, R
Haloterrigena J& # Natrialba J& FARTE 4 PP 37

AT R T IE

n&
]

Table 4 Diversity index of culturable extreme halophiles screened from four media

Diversity General index Halophilic archaea Halophilic bacteria
index HNM HM AOM NOM HNM HM AOM NOM HNM HM AOM NOM
Shannon index 1.89 1.62 1.61 2.18 0.99 1.05 0.95 1.21 1.66 143 133 1.94
Simpson index 0.80 0.75 0.73 0.85 0.59 0.64 0.57 0.66 0.76 0.70 0.65 0.81
x5 MMERESEEKREE

Table 5 The number of isolates from four media

Culture medium NHM HM AOM NOM

All 751 (44.73%) 514 (30.61%)
Archaea 484 (40.84%) 416 (35.11%)
Bacteria 267 (54.05%) 98 (19.84%)

234 (13.94%)
176 (14.85%)
58 (11.74%)

180 (10.72%)
109 (9.20%)
71 (14.37%)
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Berh#R G IR 1B). 4 R vk s 5 2 1]
FAGEERATE 267 (54.05%). 98 (19.84%). 58
(11.74%) . 71 (14.37%)%k . Hrp, 535 NHM
SE R RZ, HE HM B3, R
2 b SR BT 3 B M o v R A0 R A AR S
1% 1 (Bl 1B).

TE 4 PG RS LA Ry 5 2 W AR 9 1
AR, W Haloterrigena Fll Natrialba &,
M Aquisalimona 1 Aliifodinibius J&HERE ., H
., AL AOM 53R IEEA 4153 Aliifodinibius
JE K. FERT A BAR R 14 AN E T, JLHEM
PR, A2k B NHM B5383E, HM 557
HkzZ (K 1B).

TEFARAG IR T, Actinopolyspora J& &l
PRHBE NOM iRt ireg ik, Ha 3 gk
3 I I0RE E KK o 1 Gracilibacillus J& Tk 2
B NOM 1 NHM 35 723600 ik , Higy 2 Fhds a3k
AT TR . UL G IR BT — A vy
I R TR S T LA TR R E
2.6 FEEYRM

PR D RE PR 6 & B, 80% B ik HL A T A
TEPE. o, 77 E M W MR 2 (B REE T
PRI 53.28%)  HUCh 7 8 I AR (12.15%) |
77 e T BRI (9.02%) L 7= 41 4 R B i 4 (11.62%)
FIRE AR 2R I PR AR (13.92%) (B 1D)s

TEAMB Y, 44.33%MR 7 TER B, kR
7R B TR PR (24.09%) , B /b Ry 7 AR 2 Kl A
(6.07%). TEHH T, 41.86%H M= TR, H
UCH L YE R E(12.07%) , Fe/ A FRE(3.71%).
MEERTE, AWEIE Y7 VE K3 D) RE i 1 v h 41 TR
&%, MEHE AR EZ N ER” 4425,
BODEMRT R AB, MRz, Wik, fE
Tolb AT AT B A 7 20 o B T R BUR
[F] T e T bk

TEMER I, T T B AR R L
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O (18 1D), 3 A A4 T A T R X
&%, M &R wEk. Kk, mwlTag
[ f e i 4 Aol Jo ) T R e T b A O
Z . R, 7EHT S g 0] DL S A AR AR R AR O
Fh U RE PRI R 7 D BEEAY R (BT 1D),

ATk R AT RE PRI R P, A7 32%14
K A Natrialba J& , ZJEPHA 62%E K™ VE#
B 1C), UEBH Natrialba J& " 36 T PR3
Z, WNSJEIRRE—ENESE . miL)E
Haloterrigena . Natrialba <58 WA K& 2K
WA, HTEMEA R E IR
2.7 KEPRERR

W PR B B R AR 20 B9 A 187 R, IR
KO 11.14% o 16 1 W F0-L A 0 I A 4 1 14
WPk, 23RS 105 BRAT 82 ko DNk, R
AJ LS G ot O R R R W B TR . R, A
44%K A, A 56%kK A H (& 1D). 4T
Aliifodinibius J& 51 & Natrialba J& R EH 315
65 PRIFMER I IE R AT, AT ST i e 15 2 [
A Hk IR Z R, % 2 FhiE el o B S A
7 AR AR R BRER BT 15 G 1 R AR S 18

3 winEE#

SRR R SR, R 5 AT
14 @ Wi i g Eh i . AR SRR 5 W i i 4
W Euryarchaeota (70.58%) . % it g £k 40 7
Proteobacteria (13.94%) . Rhodothermaeota (8.1%) .
Firmicutes (5.84%). Actinobacteria (1.55%), 13
T Haloterrigena. Natrialba %5 4 5w £l
B 2R BER Aliifodinibius . Aquisalimonas %5 10 >
J& R g SR AN DS HE, R TR s
gL AR M) Z AR

B2 3 R A0 o W R R R IE SR 2 4 b T
WEER T TR 2SR, AT TS AN R A T ] N
frbkse. FEAMR s imgdhthwmd, A
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Haloterrigena .Natrialba F Natrinema % 4 %
SiFE R 2R HE, Haloterrigena J& 5 Natrialba
o HR e A R R R
e Bz 1 T - 2 A2 AR W 45 P g e e A L PR
W %W BE Halorubrumr %85 )&, 1M
Haloterrigena J& Y5 Natrialba J& L 203t T 2%
fE, X HAUFEEIRAE, i HRER > Rk
HY R R TR Z M 16S TRNA KT 41 £7
TE—E W22 57, X R BIHT SRR W0 v 1y g 2R i A=
IAETE & A 2Rt . BRALRG AR 153
MU TR LR SR . T I It & R T
Haloterrigena J& W5 Natrialba J& R MRAFAE ,
HF AR, IHFAE2 A, XU
2 Jm AL AT AR O A A A Bl T AR 35 TP 2 RE A
PR AL, T 7E B 5 P R 5 v O A Ao
A]RE i T AT Hax A R BR R v A T 4 R
BEo IR R e . R IR AR PR SEAE R R
X2 ol P TR A A Al TR 4 20 T AT S R
M EhPE, BETE 25%EhMk B MRt AR A7 . PR,
X2 B i g R TR AR TR RE S B HK
3 LA R AT BT 2 e T A R R T A T
WS F o

TEABF I 3 S iR s SRR, Aquisalimonas
JERR AN Aliifodinibius J& R M5B i 2 A~k
) £ A T B DL o BRALA S5 A 2 U I
kA Aliifodinibius J&YIRELE, (HIT
BT, TEIE, Al TERA Y R R A D)
3ok AT Pseudomonas . Aliifodinibius |
Halobacillus . Halomonas 1 Halospina &5
J o ARAEASIF ST AT 21 A bl 0 gt — 2B, b
TTA BRI P el 5 A Rt g R I, i S —
A SIATST . AL, LR NN R R ER A
WA & B Aquisalimonas Jg& P& Rk (AN = S PG BE2F 1)
EPAERH . P EM M), 5

TF 5% 285 SR A W) 2 o A 3 Al P27 S iid B i
2 AR B TR R v AR i P B R AT R )
REJ), SCHRARGE AR & BRI, BATHRR
JURTE R R B b A e . B . ALY R
AT BTSSR E A H S
GFEH M RAE . TR, 1 R P
B A SRR T RA R BZ 2
JE TR R X WU T 2 DME AR I AR &
FhER A A 35 Y RE AL A7, o mT RE =0
B B RIS IR 4 2R

s A N B R EL AU ER W, e IR Sy
BRIRER IR, MOSCHRBERI PR, LA
e BER TR (322-358 /L), HEIBIEAIN(306 /L)',
P 5 R RA(T 005 #R)BA 2w T-E A (674 #8) .
REERTR YA e R, OB TR R R 2
PR ZREER N R P, MR W
Actinopolyspora . Gracilibacillus J& B ¥R £ B
WA X A%, HH Gracilibacillus & W ¥ 7E
5%—20%Hh e B AT AR K LA IE S ) R R
il (B Z s ER I X, AR EL IR RN, L
I R RER TR W, B T B S B AR R T R
W, ORI AL, 150 3 S A X R A
F) 73 A1 A B

1t 4 Fhifi ki F25 NHM, HM, AOM #I
NOM b 735l ARAT Rk di LRy 44.73% . 30.61%,
13.94%., F 10.72%. Hr, HMpiFRE EJRG
AOIE T AR e T B A o 0 H Bk
Haloterrigena Fl Natrialba J& FRRTE 4 FpREFER
R, NHM 5 HM # HRC s JLF—#,
HJE NHM HEeRE . ER A AT, A%
TINERREN, B THEERERE. NAKE,
NHM ¥ sp Z 0% 5 T HM, Jf HAE NHM
4 8 B B Gracilibacillus . Haloactinospora .
Halofilum J& W& & HM A . 534h, NOM
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B2 B 0 7E AOM K5 FR IE i Bl 22 1 il
MM, HAE NOM HERT T 4 F AOM H¥A
BIERE, 45h Actinopolyspora . Aliifodinibius .
Gracilibacillus . Saccharomonospora J& , #ENX
S ARG TR TERY SO AL PERE . i LI RN
WEZREYE, FRATASH NOM B FRIL7E ik | g
RN ER AN T [, Simpson I Shannon
e B sy, o BRG] B IR R R YR 2 A
PE R T HA 3 R gL, KRt, FRATAHAN
NOM 55 5% Bk 35 ik 4 £k 389] 1) 1o 66 BR7 ok 7 126 2
WEAUF . Actinopolyspora J&EIE R # NOM £
FIETHEIVEIRAS, M Gracilibacillus J& R R 9
NOM F1 NHM K% L0 e 15 3], XuE#] 1
NOM H5 37 FE7E B g 3 & i e W i Mg R I o A
Ui I 8 R R 5 AR VF 22 At ™ il (24 1 AR 5%
i, M. ZhE. ZRELRREL . YR
PR L 0B 5R)) A 20 A o R v (A e A AT
BEAL A YN ER 4 BL T A [ 450388 1) 552 B 5 0
Tl 3 O A it R R T AR 1 43 B
Fre U@ ECE LN A, A5
FR) 4 ol 5% % B 18 s 228 28R R A 4 I ) R R U 2
B IRt S, ORI 1 A 3 8 56 TR 1) 17

TEE R BERRPE b, AT 0I5 T 45 B
IRRERXE . W, I8N 4R Ky
5 MR I RE ST, DRETRH L 5T 4 RAEM]
PHPERRRIL 1 342 Bk, 5 BKERK 80%. X
FI. Wk, BRI, ZF4ER . R A KRR RE 1Y)
FAR B 163 (12.15%) . 715 (53.28%). 121
(9.02%). 156 (11.62%). 187 (13.92%)tk. HH
A RER I B TR ARES 7 MM VE R, X R B TR
BT A £ T8 T B 2 DR A AR i ER v R R
RE ™ T A i 0 W] B IR R Y, 300k Tl b AR
PRI | ) BRI SR BRI Y BT T 5
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MAE= AT 1 342 BRI, A 588 FREAIKE
>k A Natrialba J& , HiZJ& &K ER 584G 77 TE
BB X ULHH T Natrialba J& HINRETEE MRS £,
A2 7 UE 93 T TR PR 1) R AR R B R . S g SR
MEAH LG, A% i 1 R T R S ER PR Wl A )z W B
WA TEME, TR T2 HA Bk
b F AT SO v R e B Sl e A
=& A REVEEL T Halobacterium sp. SP1(1)7E
B i AR 7 AR Sy R e i T B T T A
R RERCRIR R T 1Y, R RS N R
P REAE 2 2R 1 PR R M 2 PR ok 1, BiK &
B RT3 3 3 A A0

VLA, o g R T 1Y 7 T B R4 10 ]
SLIT, QIR YRR B . R ANE T EEAE N 1Y)
JU A g £ il 9 2l Ak 0, G A B 5 R B
Bacillus 1 Halomonas J& 1Y — 2518 £ T8 B A
A DL A 2 2 R R e, TR T 2 2L b
PP LR i ARG (R
Bacillus sp. IFO15718 #11 Halomonas sp. LC6(T)
) 2 U X 200 U P O e 3 2 LA A P T o 3
PEBY . Halobacterium sp. IBRC M10715 B #EHY
PP 0T T 91 B s 200 P R EL A A0 M PR T AN
FIEH A, ULBA T 8 AR A W AR R T
FGIT BB — o 0 N A1 ) ek s 16 -
Halomonas sp. TDO1 B ARFE Tl F T4 =%
BT RRIR , HEAT Z M SRR AR Wy b R AR
FEL S ARBFSEHR  Halofilum 5 Natrialba J&
XPRULER MR B AR RGBT L, R
SR, AN W0 Natrialba taiwanensis
JCM 9577 #1 Halofilum ochraceum SN213 BETE
U 5%-25% L E N, I 4 MhIEE
PRt , IR WP 5 B E RAT B
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