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—RREVHSF AT E LG NEERAMERBAEKE
EMER
B TR HE e

(ahEbe R E R T GBI 044000)

i E.[86)] REREAT S BRF—Mhad LG, s LT L L7 BIH 4 A
7. [F&] A8 16SRNA KB B3| oA AT R 5%, e HERHRAHETA,
KRR RS B AR LG KB LA R BATIE F AN, AR 28 wa g0 LR LR E 2
R, ARTE B ZA LA RRAZT R0, FRA PCR FAMN HHA R BT AR i
. [4R] 24X F A& EE A Bacillus BRI, £ 0-25%%4) NaCl JRETCE A KR
¥, AnHEmE . RAMERKLI, Ak LG LM LA RAE & EF & RE T TR s
EHRAFT, WRFER. WABLTHEFREYN, B LG LM LFREMET, RIAETR
regxt £k, BE . pH A= NaCl ¢9@f <tk RA4F745]4p, @i PCR HELXIEHMH LG
A 28 A B BR A BE(PKS 1) B FedE B AR K& R BE(NRPS) A B, R BAZH LA 7~ % 4K
MRS, [8])] BotIRE P M A M TR TAEA IR E MR B EH LR,

X FieATE, WHE, 2XENARE, WBTH, HREAR

Characterization of Bacillus sp. LG from Yuncheng Salt Lake
and its antimicrobial activity against Staphylococcus aureus
LIXin" YU Hui-Ying DULei CAO Jian-Bin
(College of Life Sciences, Yuncheng University, Yuncheng, Shanxi 044000, China)

Abstract: [Objective] A halotolerant bacterium LG was isolated from Yuncheng Salt Lake, and its
identification and antimicrobial properties were studied. [Methods] The strain LG was identified by
16S rRNA gene sequence analysis. Using Saphylococcus aureus as the indicator, antimicrobial activity
of the fermentation broth of strain LG was detected by cylinder plate method. Morphological and
ultrastructure changes of treated cells were observed by scanning electron microscopy and transmission
electron microscopy. Different physicochemical factors on its activity and PCR screening of functional
genes were also studied. [Results] The strain is a halotolerant bacterium which can grow well over a
range of NaCl concentration of 0-25%, and it is characterized as the genus of Bacillus and named as
Bacillus sp. LG. Electron spectroscopy showed that significant morphological and ultrastructure
changes of Saphylococcus aureus were observed after treatment by fermentation broth of Bacillus sp.
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LG. Antimicrobial properties of the strain LG indicated that it showed excellent stability towards
temperature, ultraviolet, pH and NaCl. Using specific primers, polyketide synthase (PKS I) and
nonribosomal peptide synthetase (NRPS) genes were detected by PCR technique, which indicated that
the strain LG possess potential of producing active metabolites. [Conclusion] Results from the present
study showed that microorganisms from extremophilic environment may be developed as a potential

new source of antimicrobial substances.

Keywords: Bacillus, Halotolerant bacteria, Saphylococcus aureus, Antimicrobial activity, Functional

gene

4 v (0, 3525 BR 14 (Slaphyl ococcus aureus) & — i
LR 22 [CPHPEAFBUR T, B A& e
W, Al AR Ak, MTe RO
A ER B B LR A RN DA R b A= R e 3
TN 25 P AR B, RS DRI IR YT 2815
A PRI Y L T P AP v 4 8 (A A R T
(Methicillin-resistant Saphylococcus aureus, MRSA)
PRI, LT HiA 2 IEI T EAERIE A .
WFHRANTF AT B4 R AR I L, &
Ay B2 RN AR 2 A 5 SR ) E

MR- RRRNAES RS, I TFEHER
i, ARSI S B A IR, (A
LA T VE /T R AR YR IR . B TR A A
R, R YIE T R AR s AR
fil, I A TIFZ BRI R, fEE
i BEZG . YEACFIIRA PR SESIIR A 40 F B T AE
FERFRMAES, sk, AR EYIT
J& T Tz ST, BRI T He s ik 1 4
HIE AR, 3841k, AU DR R A0 T K
A YRS A B 4lidk, 40 Halobacillus litoralis
YS3106 <A1y 3 FhEAT B ECE R F AR KPR
Pelagiobacter variabilis =4 it HAT 5o 16 1 1 —
HEHRAL S Y Pelagiomicins A-C1', X 50 )2
fRIE AL RBERUE I R RIR A L, TCie R
Fa e B2 . ERIRE Y T A S i
B RGPyt IR I AR AT A o A5
ML PG 3 33 T 43 B AR A T — PR 4 e 0 i A
R EH AW BPREEM NS ME LG, R
16S tRNA LR JPHN M Halb A7 T2 %0, IF
X H R B BT RIS VE AT TIPS . FETE PR

YERYIERE b, XTHERE LG LR ET T R4
(PKS DL AR BRI A B (NRPS) & 5] 11 i
BT .

1 MRET&®
1.1 ERRIEFR &S

HIPE LG 70 A s b i BRI R, . &R
BRI (CICC 10786)M T H [ Tl i 2k My A O
B, CHEURE, EYRERE. 2K rf
RIPRIARH] LB Hi R B (R R 10 g, BERRRY 5 g,
NaCl 10 g, 7&K 1 L, pH 7.0)F 37 °C F#f7i%
PREFR . SRR S0 H i T AR I R 1 R 4%
f, EEALHE pH . TEEAERE .
1.2 EERFIFNEE

EAR. TR . BEIRRE (T4 EDTA 45
H G A AR A AR BR BT A ]
R HEEM(Amp), X-gal. IPTG Fl DNA $2H4f
ERF S B B T A TRARA A ; DNA
Marker, DNA R4 . & 505 [#)F1 pMD18-T Vector
S H K% TaKaRa 23 .

F2 B L 4G BRI AR A G2 (Tanon-1600), 11
B L RAEA R ; PCR ¥ 1Y, 1 HZEE Bio-Rad
ol kAR R E D HL(TGL-16M), 1 H
WAL S 28 KRR (LDZX-50K), 1 8 i
HIZ BT il s FIKIU(DYY-6C), 1 HALATHZN
—iXHRT
1.3 E#k LG B9 16S rRNA EEFHIS TR RS
AR

PREUEARIL N2 DNA, DR, R A2
B S [ 8E1T 16S IRNA LRI PCR §71 ., 1E[A]
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S1¥1(27F): 5-GAGTTTGATCCTGGTCAG-3'; J |i]
2191 (1492R) : 5-AAGGAGGTGATCCAGCCGCA-
3, MKEEEYAEI G VAR A DNA
Ma(%y 50 mg/L) 1 pL, #"#% Buffer 2 uL, dNTPs
(20 mmol/L) 1.6 pL, 1ER[H514(5 pmol/L)4% 1 uL,
H#KZE 20 L, § 1G4 95 °C 6 min; 95°C 30's,
50°C30s, 72°C45s, 35 MEH; 72 °C 10 min,
PCR =¥ 2tifb K ¥ p At o — 1 i A Rk A
FISEAL. MPE5 A NCBI #dli & 1T BLAST
MR, RECSHEFEE AR, A
ClustalW 3417 Z H 81 Fb xR , R FH MEGA 5.0
AT, il SR R LG RSB
kKR LG 19 16S rRNA FE[H ¥4 2 #2538 3] GenBank
BIEES, JF515 8 KM502588,

1.4 HEHECEINELERS&

MRHAT - PREGE 1 R & A C K LB Hi5+%
b, 37 cCHRWHEFE 2 do KEEZ: 12 000 r/min
B0 12 min, FIEWAH THUA SRR
1.5 EVEMER
1.5.1 EMEBIEEEM: IS5 mL Etk LG kB L
HWRETEIMTT, 25T 2. 4. 8. 12, 16, 20
124 h BUFE, DA A BRIE VR, ARALHE
() R e B VRS B, SR R PR B 2 000 7 410 7 Pl
2, ML B AR AR AR W HD G AR e M
152 HFBEEM: K 1mL FERSHIET 0. 20,
40, 60, 80 fl 100 °C NALFE 2 h, LA vE AFZER
FCATR/NTE, RACFRR R EE EWEVE XTI, SRR
W E P A AR, e et
1.53 pHIEM: B 1 mL 35w, B pH 435
P4 3.0, 5.0, 7.0, 9.0 I 11.0, EXFZE 2 mL, &
B 2 ho USHEOEAERENERE, ROHEYE
I L35 (pH 7.0) R %F B, SR FAR R A L R A
TEE
1.54 NaClF2EM: B 1 mL 35, SA NaCl
WL, Ay AT ERREE N 5%, 10%. 15%F1 20%,
FHE 2 ho UL OMEERE NI RE, RinEhn
R FIEE AT, RAMEEE 5L NaCl 1y
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1.6 HFENE

B 0.1 mL Ak B 4 v 0 45 2K A T B
(10* CFU/mL), fMA 2 mL &M% F3&W, 37 °C #&%
HigE 24 h, BLOWCEAML, HIBERRZZ PR (pH 7.4)
MYk, A 2.5% (RB )1 A O T
i1 22 i P A2 22 R PR R, CRERE IR IE
AT A g, W4 R 7E 13 R BT (JSH-35CF
HA)FWES ., W@ EraBasstiie, H 1%004A
LR 2 20 h J5, SEERRBERK , AT
B R, BSOS Al AR R U €5
FPTHAE(DXB2-12, i) MEE,
1.7 PKS I 71 NRPS Z X ) PCR G &E X 557317

Bk LG ) PKS 1 F1 NRPS JE:HY HZ M Zhu
sy i 47, PKS T JEEM S 4N KSF
(5-GCGATGGATCCNCAGCAGCG-3') F1 KSR
(5'-GTGCCGGTNCCGTGNGYYTC-3'), NRPS Jt:[H|
Kl 5144 NPF (5-GCNGGYGGYGCNTAYGTNC
C-3")F1 NPR (5'-CCNCGDATYTTNACYTG-3"),
i RERAEY A FA N PCR P 1%895E
WHEERE HL VKR e, EAT Il alif . Wl S Ak
PRICA A 1 BE P s Rk A b o = A
BHEC A RN BEATIN T o K ARAT 1 58 R )7 4] 4 52 %)
GenBank HR1GHERE RS, K H DNAMAN #k
PRS- PKS T F1 NRPS K 4 54 hy 2 B iR
4, ¥£ GenBank $4f % i1 BLAST X, #EHL
[R5 e AR 31, SR DNAMAN kAT
30T -

2 BRESM

2.1 EHRLG DLFLTE

2.1.1 ERSAEIBECHEHE: Wk LG 7E 0-25%ME:
WREEVE I N REAE, FaEERIWEE R 5%, i
HoRmt R0 5 FeidiZE K pH O FIREE 2050008 7.0 Fl
35-37 °C,

2.1.2 RGUHWHE: >R PCR Y HHMk LG 1Y
16S rRNA FEH RIS K/INA 1 454 bp B FH B, RH
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80 Bacillus tequilensis KCTC 13622" (AYT0O01000043)
601 Bacillus vallismortis DV1-F-3" (JH600273)

75| Bacillus subtilis subsp. subtilis NCIB 3610" (ABQL01000001)
42| Bacillus atrophaeus JCM 90707 (AB021181)
661 Bacillus siamensis KCTC 13613 (ATVF01000043)

40

—
0.1

Bacillus amyloliquefaciens subsp. plantarum FZB42" (CP000560)
Bacillus sp. LG (KM502588)

L Bacillus methylotrophicus CBMB205" (EU194897)

Bacillus enclensis SGD-1123" (KF265350)

Bl 1 ET 16S rRNA EREFFIRAPEEMZNEK LG ARG I LK
Figure 1 Phylogenetic tree of strain LG constructed by Neighbor-Joining method based on 16S rRNA gene sequence
T 5SS URERA GenBank #5855 70 30nl ERGECFAUEITEE 1 000 YCRKFI—EIILE; FrRZERE 10%1751

Z5t.

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the percentage
of occurrence in 1 000 boot-straped trees. The scale bar means 10% sequence difference.

LRPE R R AR RGN 1 R, PR
LG 5 Bacillus J& P45 i (1) — B3 7E 99.0%LA |,
RGR T IHTAT R332, #iE N Bacillus J&
W01, 744k Bacillussp. LGo

22 EH LG AEBmMeHmBaEKEEEHAR
221 MEBEDEMERRN: SRAMEEESIE LG &
T FIE R BTG, G5 R A PR AR AR 1Y) 5] [
BB i B RE (] 2), B W] 77 AR ot
PRI, X4 B 00 A BRI B BB i E A
222 MEREMMR: WM HHEREA BRI
AR ERIERENE, DS XTTE, TE5AMEIR

P

2 Btk LG RBE R EE AN
Figure 2 Detection of antimicrobial
fermentation broth of strain LG

activity of

ST, RGO B A b . ARRE ST
R, YIEEMKT 80 °C AbFE FiFH, PUEEIEIL
SEARAE BRI, 7E 100 °C FACEE 2 h )5, Wtk LG
KW P E R PURETE (] 3A). 7£ pH 9.0
b, RO 4 B B A BRI P R T MR s 1
PRV S5 (pH<7.0) T, LRGP BT T . £ pH {H
T 11.0 B, I PR R A (& 3B). #hise that
JE R, FRE LG KB FIE RO NaCl (0-20%)HA
RAFRYTH A2, 16 NaCl ¥ E R 15%0F, Piisr:
(K 3C).
23 HRUE

FRBER S ER AR LG I 4 8 (]
EERE VTR, WA 4 fras. 1B 4w 0%
BREANMOEARBIN], 2EIE, REBDOEE, HE
2574 0.8-0.9 pum (Bl 4A). BT FIFHRACHLS H 40
MRS KA ARk, AN e TTHLRE It AL,
AT, A BRI ML BT (] 4B).

BT EERFRBH I 20 P A1 5 43 A 48
A), ZHIREELEE 2 80-100 nm, AR, 40
RS FE W T EE YR (R SA). S 1
MMOBARII AT, MINFREE R R A 25 0L, ShRIH
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Figure 3 Antimicrobial characteristics of fermentation
supernatant of strain LG
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B4 FEERUE
Figure 4 SEM images of S. aureus
e A IEWREANNL; B: KESRAETIG 1A,

Note: A: Control cells; B: Cells treated with the fermentation broth.

B — 2 SRR T P 5, [D ) 4 Lo 5 4 i e
SRR (A 5B, X 5HEHHBEIE S R A
W o
2.4 PKSI#0 NRPS EFH PCR iHES S
KRS 4, FIF PCR BAX B R LG i
TTUIRESLATRAY , 0l 3R A% T — 2% 657 bp YL F
BORI—4% 669 bp ML A Br, R LG HA
KRG YR Z AL A YINRE ). SEHETFHI$2
22| GenBank 3R IL R 2 55543512 KM000040
Il KM054996., 43K 51 R4S (1) E R R 1 41
17 BLASTp LbX}, KIEA1530)E T PKS I £K
72 i) 46 5 T (K S) B 1 24 3 1R v JE AR <F I3 471
NRPS SERY) A Sk, BEERIIEPER & B AR O T 51,
K F DNAMAN A 740 FeX o0, 4R an ]
6 TR o 1% PKS 15 [H 5315 GenBank H' £ 1 PKS
FEIA KS 80 & L2 1 5] (Bacil lus subtilis, GenBank
No. WP_029946469 #l1 Sporosarcina pasteurii,
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Es5 BEHEHENER

Figure 5 TEM images of S. aureus

E A: IE?%‘?[%W?H}E@, B: ﬁ@{ﬁ’ﬁzﬁﬁﬁ E‘J%ﬁiéﬂiﬂ’@

Note: A: Control cells; B: Cells treated with the fermentation broth.

A
Bacillus sp. LG
Bacillus subtilis S SRS
Sporosarcina pasteurii EEEE T

Bacillus sp. LG EEEEISE
Bacillus subtilis ' SHSEEE
Sporosarcina pasteurii B ML EX

Bacillus sp. LG EH
Bacillus subtilis &8
Sporosarcina pasteurii  ErEIEEE

Bacillus sp. LG
Bacillus subtilis
Sporosarcina pasteurii B

Bacillus sp. LG EH
Bacillus subtilis &8
Sporosarcina pasteurii B

Bacillus sp. LG EB
Bacillus subtilis E
Sporosarcina pasteurii

Bacillus amyloliquefaciens

Bacillus amyloliquefaciens ]

Bacillus amyloliquefaciens

Bacillus amyloliquefaciens

Bacillus amyloliquefaciens

WP_029726469) I AHILEE =, & 95%. NRPS
K 5 £ 401751 (Bacillus sp. 916, WP_007409849 #l
Bacillus amyloliquefaciens, WP_015239892 <5)iAH
R, 2 99%.
3 Wik

ZEAEAT I (Bacillus) J& — 28 5 22 (1) 25 R PR f 2k
Y1, FEARARTZ, AR E N EAA R
13 FAM E S 0 2 B IA S e e Gt . 8K
Mk, WA RARE YDA R U2 I
RN, FHETFNE SRR A Pk &
B MRS T R A e Ok ok IR, F
il O 2 BB o IR, MR s R Hh SR
BUELAT T DA M 00 AR R DA A st B B 5 G T 1Y
PP AR, AR TR T s R W A
PEIRR R AR LA, SRR, ki 7 —
HEEA W R BRSO A B AR . B X I Ak ]
4w OB AERE RN LG YETiFsE, d@id
16S rRNA E:HF40538r , KIIZE N Bacillus J& 1
51, fir4 K Bacillussp. LG, NTHER4NEE .

Bacillus sp. LG §
Bacillus sp. 961

Bacillus sp. LG [&
Bacillus sp. 961

Bacillus sp. LG =
Bacillus sp. 961 fiue

Bacillus sp. LG §
Bacillus sp. 961

Bacillus sp. LG
Bacillus sp. 961

Bacillus sp. LG
Bacillus sp. 961

Bacillus amyloliquefaciens

B 6 &k LG R PKS (A)F1 NRPS (B)EE 5B A FFIRIEL Xt 434
Figure 6 Multiple alignment of PKS (A) and NRPS (B) genes of strain LG and other known sequences
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AR, WFFEEA TSRS TS A= I 17T 12
PRI, AR R AA T W 20 A TR 12
ARk, AN B R/ R 20 R R A A T R
saifk, U Bacillus subtilis strain SK. DU. 4 774 [
FPLEKT I Lactococeus lactis 774 f—Fl LA 1L
PTG ERY LR EERR A R 2K 4k, ZEmERAN
H 2% WAPEES, 41 Aeromonas, Bacillus,
Burkholderia, Photobacterium, Pseudomonas 4§, #J
KT BA DRI E BRI A A ST B,
TAPE LG AT F 5O 4 o (A A BK AT R T
PIBTTRTE P . RHPTE I T4 F bSR3
HPURATE MR T XPEAMDEHR | I SRERRnR s 2k
FEAF RAFIReUE M o UBEMER Z AT IR E S AL 1
JE 2R LT LR ISR, AT As T ZE
L, 2 A I RER R I TR A . AT SOk RE
ZIG TR TSR AR Y, i
AR AL IR T 257V F T 40 N 4544 22 AT rT BE
JeVEFTANRI A RE"T Ak, XAk R ZH
AW A R R S s L R i PCR i 25 & 3,
Bacillus sp. LG #fi52 HA A Z Rk A P v
71, MZRRSEFEREIEAAH), RIS PR &
FERT BB X PR G RETAS R

5SmSR E AR LG, AR KA
R RAEY, TR R R L, TR AL
TSR P PREEE AL L AR A SR A AR
FERRAL, WSR-Sy A Rt B IRk 2 25 A el A
YGRS =, BRIV E N R BB R R AR b
YIPEAE IR . AT AT, BEE BRI TAE) 2 9T
&, IR F R PR 5T o BT B T P Aok
MM AL EARIIE SRR ., SRkE
FEXTRR LG B =i 145 8 Ak e 4544
FEBTAEAROC A, N HAEDUAE R STV FE
FHZEE HEfitt
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