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Diversity and functional enzymes, antimicrobial activity screening of

culturable halophilic bacteria from Aiding Lake
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Abstract: [Objective] To explore secondary metabolites and new bioactive substances, the diversity,
functional enzyme activity and antimicrobial activity of halophilic bacteria from Aiding Lake were
studied. [Methods] A total of 20 sugars and sugar derivatives were selected as the sole carbon source
of medium, and 298 halophilic bacteria were isolated from 5 samples of Aiding Lake. Based on the
morphological characteristics, 62 representative strains were selected for 16S rRNA gene sequencing
and phylogenetic analysis. Twenty-two halophilic bacteria were chosen from different species to
screen functional enzyme activity and antimicrobial activity. Activity for 3 functional enzyme were
tested by noculating single colony method. Antimicrobial activity for 12 pathogenic bacteria and
fungus were tested by plate confront method. [Results] There were 221, 54, 23 halophilic bacteria
isolated from 5%, 10%, 15% salt concentration respectively. They were distributed in 9 families,
18 genera. Actinobacteria were distributed in 4 genera, and bacteria were distributed in 14 genera.
Nocardiopsis and Pontibacillus were dominant groups of culturable halophilic bacteria from Aiding
Lake, comprising 17.7% and 16.1% respectively. The 16S rRNA gene sequence similarity of
15 halophilic bacteria were lower than 98.5%, which may present potential novel species. Among the
22 representative strains, 68.2%, 22.7%, 72.7% of them showed positive result for protease activity,
amylase activity and asterase activity respectively. And 45.5% of the tested strains showed at least
one kind of microbial activity against 12 pathogenic bacteria and fungus. Especially, one
Nocardiopsis strain exhibited extensive antagonism against 9 pathogenic bacteria and fungus.
[Conclusion] The halophilic bacteria of Aiding Lake in Xinjiang has abundant diversity and good
biological activity, which provides the basis for further study on secondary metabolites.
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Table 1 Information of five samples from Aiding Lake

5 G %% AR
Number Latitude Longitude Ecological environment
DI N42°41'53.8" E89°20'26.6" ERTH N 8 /N e
D2 N42°40'42.0" E89°21'98.6" TERVE H
D3 N42°40'21.5" E89°22'84.9" /NER
D4 N42°38'55.7" E89°16'05.9" W e
D5 N42°38'47.9" E89°15'84.4" W AT B AR

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



2578 AEY) 4R Microbiol. China

2017, Vol.44, No.11

114 ®mEE: HYHEEE: 28R Z0%
FS & W B (Pyricularia
oryzae). N IR (Alternaria alternate), /N
IR % & (Gibberella saubinetii) . £ K 25
J& B2 8k J] W (Fusarium
solani) . R4k T & (Fusarium oxysporum) . FiFE
b f0 8 (Ramularia areola Atk.); NZEFISH0% I
W . KW ¥F 1 (Escherichia coli) . 15 FEV0 1] KA
(Salmonella typhi). 4G % BKIE (Staphylococcus
aureus) . 110 ¥K W (Gibberella saubinetii) i = 7
B AP ST ER L

12 A%

1.2.1 FEREEISE: ¥ 5g LHA 45 mL £
FEN 10% M JCIEKH, 37 °C. 200 v/min #5537
0.5h, SRIABEERBL MR ZFRRE N 107, W
150 pL HHEESMIRAT, #SALREE 3 K. BT
37 °C }53% 4 JA, 10500 BV E TR
O, ARAETRTEIE SFETE R — 3 BN 2R A
J& . PRBRRTVATE GTY Pk FRIZaift, ek
REEE S, FEEEARHE . AR5 AN DR
122 16S rRNA EFEMARAFELABE D H: KH
Chelex-100 IE!'HRIUEEL A SL 4L DNA, 16S
rRNA B P8 4 353 A0 s 514 PA I
PB', FHIUITF: PA: 5-AGAGTTTGATCCTG
GCTCAG-3' (X1 T Escherichia coli ) 7-24);
PB: 5-AAGGAGGTGATCCAGCCGCA-3" (X} T
Escherichia coli 1) 1 540—1 522), 25 uL PCR JZ A&
%: DNA #ifi 0.5 uL, dNTPs (10 mmol/L) 2 pL,
PA F1 PB (10 mmol/L)#% 0.5 uL, EasyTaq (5 U/uL)
0.15 pL, ddH,O %M 25 uL, PCR U £54%: 94 °C
10 min; 94 °C 0.5 min, 55 °C 0.5 min, 72 °C
1.5 min, 32 PME¥H; 72 °C 10 min, PCR ¥ 345 H]
0.8% (BT ARFH LU ) A B BE W E e HLTK A T 40 #T
1 R BOR/INA 1500 bp ey o H44 Hi ) PCR ™)
AT AY TAR(EE)ARA AT . 05 B
33 16S rRNA FEH P4, FH] GenBank
EzBiocloud JR 4528 A T7ELR AIARLIE 23D, 1EHR

(Cucumber  fusarium) .

(Curvularis  lunata) .

R b e A SR BRI AR 1Y 16S rRNA B[R P44
W4, B BioEdit! . ClustalX!" 41 k47
FESIRRIE A A EE X, el id MEGA 5.01 Yy
A4 1k (Neighbor-Joining) " 4T 22 48 4 B BEALAN (14
Pt

123 EEFEA: SRR T E AR,
Ky . EREBETHERTIRIE I, 37 °CREFR S do HAM
FERAGRGE 25 R T R R IR SR, Ve Ry O e 45
RAHIN 1% M BUL PSS Id SRk iR R
(7= R0, RS KRB R 2 D (B 3 Ui Y
ES(E

124 HBEEMRN: KA B EMN T GTY
BlAREFR AL, T 37 °C ¥59% 5 d; Wl H AT
PDA ¥i5:3E, 28 °C #5355 d fEH; i R4 i 42
F LB WK 3, 37 °C. 250 v/min H53% 12 h
.

(1) TR AR B 100 pL 2R
SJRAT T LB 83k 1, BAEAN S mm T4L
b AR R I IV R TR TR R R RE Bl e, 8
A TR &SRR AR L 2.5 em 19 4N
37 °C ¥iFR 1 dJm, e BB e o N,
P Pl fre 24T SR AL 3 il i P34

(2) I E BRI, SR AR e
XPARR R PUENE AT . B 5 mm (94T
FLAS B 55 75 0 1) 95 it L T R I s A o S TRV 1
BEREL, REELT PDA Bt e, KBk
AEEARIRTE 4 7 mAEFER 2.5 cm &b, FRichF
WG5S, IR R i 1 2s X RR, 28 °C 155
7 d W R N, IR P R 2 SR 3 k]
M
2 ZR545M
2.1 FTHHIERIE A EA S HEM

MILT 5 A4~ A g2 51 298 BRIEERTA
ZICBFHEEL G bR R EE Wbk, L 62 BRIk
7 16S rRNA LA 7 (R 73 TR 20 2345 B L3R 2)
JEHAB LM EREREWM A 1), 62 FRE

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



R4S 30T W nT 5 TR g SR iR AT S D RE R . BU TR TG 1 i it 2579
x2 2HEKREKRSBFERRET
Table 2 Isolation result of 22 representive strains
Etki = TelA NaCl (%) I3 A FAH I H A M
Strain number Carbon sources Sample Closest species Similarity (%)
YIM 98039 AR 5 D4 Halobacillus karajensis DSM 14948 100.00
YIM 98017 TR 5 D1 Aquibacillus albus YIM 93624 99.80
YIM 98016 D-3 b 5 D1 Marinobacter guineae M3B 97.62
YIM 98026 3R St 5 D1 Halomonas qijiaojingensis YIM 93003 99.80
YIM 98032 D b 5 D1 Marinobacter guineae M3B 96.49
YIM 98030 Kt 5 D2 Marinobacter lipolyticus SM19 98.81
YIM 98023 o-F 3E-D-H E 5 D1 Nitratireductor shengliensis 110399 97.36
YIM 98046 D-111 54 10 D4 Virgibacillus olivae E308 96.07
YIM 98045 o-FF 3-D-H @bt 5 D3 Halobacillus salsuginis JSM 078133 99.81
YIM 98088 KTk 5 D5 Streptomyces radiopugnans R97 99.64
YIM 98077 D- A 5 D5 Nocardiopsis dassonvillei subsp. 98.41
dassonvillei DSM 43111

YIM 98052 A 5 D5 Nocardiopsis alba DSM 43377 98.40
YIM 98007 K 10 D1 Bacillus licheniformis ATCC 14580 99.69
YIM 98013 D-111 5L 5 D2 Nocardiopsis rosea YIM 90094 97.63
YIM 98034 KT 5 D2 Kocuria palustris DSM 11925 100.00
YIM 98015 K I 5 D2 Bacillus sonorensis NBRC 101234 99.24
YIM 98001 o-F 3L-D-A B 10 D4 Gracilibacillus thailandensis TP2-8 96.84
YIM 98009 VI iy 10 D1 Pontibacillus marinus BH030004 99.13
YIM 98006 K I 5 D4 Halobacillus yeomjeoni MSS-402 98.54
YIM 98003 o-FF 3E-D gt 10 D4 Marinobacter lacisalsi FP2.5 98.80
YIM 98028 CCMS 10 D1 Aquisalimonas halophila YIM 95345 100.00
YIM 98042 HERE 5 D4 Halobacillus campisalis ASL-17 97.38
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(18.1%), 15%ERIRBEEIUTES1SE] 23 BR(7.7%). BifA
BT = Sk BE PR AR D, P EERg R R 2
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SYRMEE S AR RIS R 2, AT 1208, K
W Nocardiopsis JEEERZ, 5 19.5%; 10%F1 15%
VR EE Ao A58 9 NEF 4 &, PRE IPLRA
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Marinobacter guineae M3B" (AM503093)
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YIM 98195 (KY4572849)
Marinobacter adhaerens HP15" (CP001978)

99
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[
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1 EF 16S rRNA EFEFFIMEL T HAEREE R BN RELER
Figure 1 Neighbour-Joining phylogenetic tree of 16S rRNA gene sequences from culturable halophilic
bacteria in Aiding Lake

W FESNNERRR 16S rRNA ZEFFHIYE GenBank HFAGE S5 4332 RIWEUEN 1 000 ¥X Bootstrap /-1 T fHE, L BR KT
50%fE s FRR 0.02 AL e,

Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those reference
strains and screened strains. Bootstrap values>50% based on 1 000 replications are shown at branch nodes. Bar, 0.02 substitutions per
nucleotide positions.
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Figure 3 The distribution of halophilic bacteria isolated from different salt concentration
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Figure 4 The distribution of halophilic bacteria isolated from different carbon sources mediums
H: A: CCMS; B: BURIAAME; C: 2kFUWE D: (RRMME BE. HEWE; F: WH; G: Z4M0H H: AW L wi4b; J. 84
BEFE; K: INBYEE; L. JK3RHE; M: KigiF; N. G488 O: JEME.
Note: A: CCMS; B: L-arabinose; C: D-galactose; D: Fructo oligosaccharides; E: a-methyl-D-mannoside; F: Inosine; G: Maltose; H:
D-xylose; I: a-D-glucose; J: a-Methyl-D-glucoside; K: D-Sorbitol; L: Stachyose; M: Salicin; N: Cellobiose; O: Sucrose.
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2, G0 B SRATE PR 5 X6 W 8 TR 14 59 155 445 SR 52 g

Fror e g el £ 6w, 4L 9 Mm; D4 BIR.
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< 21
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Figure 5 The distribution of halophilic bacteria isolated from different samples
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HIAE A 0T WmT B Rk i

ZRE S D RERE . DU T TR
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2.5 INEERBIETERYTEIE
HRAEM P25 5, MR TR 2R EE I 22 #Eg
PRI T RE R IR, A 19 MRFEEREEA
2=/ MIUIRERE Y, AT UANE. Kb EE
BEOBFEENA 15 R, BEIE MR RR R
68.2%; HATEMBHEIERA 5 M, BEEIEF
K R 22.7%; HATEREREHER A 16 Bk, BE
PEBEMRAS 2N 72.7%, 3 MR LR R HA 3 Fh
MO 1, 4 K TR) B EL A R R R O
13 B[R] HAT 8 B B RS R, 3 RIFIRT AT
TR TR O R (% 3). YIM 98007 A1 YIM
98052 1) 2 MBS e i, KA B A2 76 7 mm

PLE; YIM 98030 f 3 b il 1 M feom, 1 M f
A 10 mm;  YIM 98032 7E gl I P 7 i vh 3¢
PR, Xtk i -20 Ak i -40 FEBEH A TE S
FE A AR B bR P B s YIM 98006 Fll YIM
98017 W43 % i 7L -60 ANt -80 7= A 5 ik 14 i
G, iEMEREREAE L 15.4 mm Al 11.9 mm.

77 3 6 Ty 8 % A A e 1) TR R AN LA 2 R P T B
J1 ) W OB E 24 A FE Bacillaceae B} K

Marinobacter . Nocardiopsis . Streptomyces Jg& ,
Horr, 57.9%0 7 M F bR#R)E T Bacillaceae .
i BRI, ST WIE L R T RE M TS MR, H
it BE ) AF LA RO FIRNRE B 25 5%

3 UMEATEFILER
Table 3 The screening results of functional enzymes activity
Py N
RItRG S EEE&;@@*& ﬁ*ﬁ%ﬁfﬁgfé Radius of ifii ri?ji:zircle (mm)
SwainNo.  Redisofprotee | Radusofumvise a0 mmdo 60 WS
Tween-20 Tween-40 Tween-60 Tween-80
YIM 98045 3.9 1.9 - - - 2.7
YIM 98046 0.7 = 2.5 2.2 44 6.4
YIM 98023 1.2 - 0.9 2.8 4.9 8.0
YIM 98039 1.6 - 0.8 0.9 - 9.7
YIM 98017 1.2 - 4.2 5.3 - 11.9
YIM 98032 1.5 - 8.3 9.8 22 4.9
YIM 98016 1.3 - 2.0 2.0 2.7 6.5
YIM 98007 7.6 2.0 - 2.4 - -
YIM 98052 7.5 - - - - -
YIM 98015 3.7 5.0 - 43 1.8 1.5
YIM 98042 5.0 - - - - 1.2
YIM 98077 4.7 1.2 - - - -
YIM 98088 1.5 - - - 32 -
YIM 98034 - - 3.2 1.6 53 3.8
YIM 98006 - - 2.3 3.0 15.4 42
YIM 98030 = 9.9 - - - -
YIM 98001 2.7 - 2.2 2.4 1.5 0.2
YIM 98003 - - - - 1.2 -
YIM 98009 3.1 = 2.0 = 1.1 2.0
i — JoiETE

Note: —: Negative.
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2.6 MEEMRITFIE

LR T PEGR R SS R R . 22 BREE A,
10 BRACK R (45.5%)%F 12 Pl I s R B T Hi 2
A1 R IR TR, Hoh 2 BROMVEER AN, 8 B
HIREER R B, 0] o B AR AN R AT R Ak B Rk
(%) 40.0%F1 47.1%.3 PRIEER A HA BT 3 Fh LA EAR
JRE RS, Hh YIM 98046 SHFEELANE, YIM
98088 F11 YIM 98013 MIEER L . YIM 98013 Ji
HREHUREN A . IRV T IRTA | JH R IR AL T
B TAN 2 TR . ARAERRAR DT . BRI . R
SRITTA /NZZ AR AR TR L B K S 7R B A 9 s D R (1]
6 FIEl 7), RIHBESRMPUAET 1Sk, (ERER
I, X—FRREERER AN Nocardiopsis. 11 Fji )it
W, PUARAERR AL R BA M R AR U 2, 3L T K,
AP fRR AR 31.8%; MiXS T H&ERA . 4
HIEER A RIAFTF I, 528 I ICAT AT g ER iR Xt
HFRIB I ETE R 4). 28 BRI, ST IvE SRk
2 DA BT 1 5 T R AR AT A

6 YIM 98013 Xf & I\ EfF H KA IR E

Figure 6 The result of antagonism between strain YIM
98013 and Cucumber fusarium

Bl 7 YIM 98013 34 5 iR 7] B A5 SR B
Figure 7 The result of antagonism between strain YIM
98013 and Fusarium oxysporum

F4 KEREHRMPEFEEEFE, mm)

Antimicrobial activity of representive strains (radius of inhibition zone, mm)

;El:fifﬁ;\]? A B e = E F G H I J K L
YIM 98039 - - = = - - 2.0 - = — — —
YIM 98046 3.0 - - - - 5.0 3.0 - 1.0 - 7.7 -
YIM 98088 - - 33 - - 5.0 6.0 2.5 - - - -
YIM 98013 9.3 - 7.0 3.3 - 8.7 8.7 7.6 8.0 5.7 23 -
YIM 98016 - - - - - - - - - - 1.0 -
YIM 98026 - - - - - 7.0 - - _ _ _ _
YIM 98007 - - - - - - 100 - 1.0 - _ _
YIM 98023 = = - - - - 2.0 _ _ _ _ _
YIM 98030 = - - - - - 40 - _ _ _ _
YIM 98032 - - - - . 20 . _ _ _ _ _

e A: FHESNIE; B: FEEIRE; C: MRIREMNE; D: HIFEWITRE; E: SEEMAIRE; F. BUNZNE; G: MR
fil; H: JEESRTT; 1. RMERTI; J. /INERER; K. FREHE,; L. KBFW; - JiEtk

Note: A: Pyricularia oryzae; B: Gibberella saubinetii; C: Alternaria alternata; D: Salmonella typhi; E: Staphylococcus aureus; F: Cucumber
fusarium; G: Ramularia areola Atk.; H: Fusarium solani; 1: Fusarium oxysporum; J:. Gibberella saubinetii; K: Curvularis lunata; L:

Escherichia coli; —: Negative.
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HAl, Xf 8 ae £ g SR i it s i %
(BT 0 £ 20 TR A IS A AR X A b o 3T 2 A
e, AL 19971998 4[] i FE/R -HE-F- 3245122t
B ST B S b DX o R T R T X R R A
MR MG, (ARZURED T8 UL
HFRAAVRRE . HE 2013 453 75 27F| ] Biolog
BORBEGE 73T W b % W L AE 2, A
X ST A R R g ER AN TR SR A T R
T AWIIERAT 20 Rl SR AT A= WA Ry E—
B, XS ST W LA B R T R T R, TERFSE L
TEER TR Z R RINE, dXHZ 20 AR5
BRI T VPA B — 2B R ST I E Sh AN
FEAS B

ARG AT KB, 3T VG R AN T Y AR A
Sy AR R AR T rEE 4 R . Firmicutes [ 1AL
PRPEGB6 R, 58.1%), Nocardiopsis (11 ¥k, 17.7%)
' Pontibacillus (10 ¥, 16.1%)JE ME#JE. LK
TBERRIR > B B ) Pontibacillus R EMKZ , &
Pontibacillus J&H 70%, P]REZ IR T MAY)
B = i M K T 8. Hip, Streptomyces |
Amycolatopsis . Nocardiopsaceae 3 1 JELELLETX]
T E BT e LB, Kocuria JEAEH:
bR AT s Y, (B 7E 3L T AR PR
SR/ & | IS TS o N0 N R L
Gracilibacillus
Tenuibacillus . Halobacillus . Marinobacter iX 6 |~
JELE-C AR P AFAED UL ER I g R AN
M E 28 B J2 A Al . Bacillaceae I
Halomonadaceae RMEH 75 #2701 WIRgER B Ao
5 0w Mol o,
Alteromonadaceae . Ectothiorhodospiraceae iX 3 /M}HY)
&R A R 7E LA R AH S STk JF AR ILARGE , Bii3ET
WETER AR R 2, AT k.

S A LRER B A R B, SRR RS
R IR BE XS VE AR TR A 2 B A R B OSE, D4+
FER AT MIRRTE, BRETE, AU

Halomonas Bacillus

{H  Phyllobacteriaceae .

Z; 1 D3 5 LFER B/NRM, S KRS AT
RE X A 0 %) A A 3 T DRI, AT e 2 R
D, sy BRI TN DS 5 A, WAl RE
DR A 2R W30 R I B BRI, 2 AR BR8N S
A E LTI

Tif 17 Wi 17 205 S s 3L T i g R TR 1 B 1 S
PEFIERBE MEACAT, e KD B S MM XT3 2%, B
b 2 TR 7 TR 1 05 M O S8 i R IAT T B
B X — 459 5 A D g PSR s A 22
S, SCT Ik DA 0 TE R I P S b T 3 A £
W, T AR R PR S RIS . TEPUR S
RIS YIM 98013 ZERGIE ik th 1 3 A
K EEAE:, X — R WS A0, b,
AT AZLEE IR LI [F—JE g
T MR AR BRI 25 5%, 11 YIM 98016,
YIM 98032, YIM 98003 ¥:°4 Marinobacter J& , 1B
PG R AT SRy B AR RGP, YIM 98003 %1
FUA B O R I

BIF 5% 40 5 H 1 I S TR 9 D 200 R 1 4 1 2k SR
Wik 40 22, HA —HRXHE TRV T R A 1 B &L
R, XG5 o150 & B AR
R, M TR AR RBUAE 2 A Y )
Ji, FELAHT A5 H B X R B T
(A3 TR RICR SR EA Ty, T I R R TR TR A /D 1Y)
TEOLT SO T 20 R HEA T A, DRt A
PRRCR A 25 o (ELIRII R B, 35 43 40 T X — Tl %
DL ERR R A MERCR, YIM 98046 BT /&%
5 i EC A I ARCR , AT FOK B B A
AN RERERASE T 7.7 mm, X—MEWERE
JEFERF G B I B TEPE R R, o R —35 o
B EANE IR TEE b R, SR RN T
T HIVEER R ZERI BTG PR B2

gE LR, ST MR I AR N £, TE
it o FH ST & AR sy T A AR KT
HACT~ It HA W R BIFIE 0 E, A REFEI IR
HATIRAMIZE, W3 T Mg A PR T R R
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