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Isolation, identification and prokaryotic expression of a
bacteriocin-like substance from Bacillus licheniformis

Xiuju Yu, Xiaotao Han, Yuyu Li, Zheng Sun, and Changsheng Dong

College of Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: The ban on addition of antibiotics in animal feed in China has made the search for new antibiotics substitutes, e.g.
bacteriocin, a hot topic in research. The present study successfully isolated an antibacterial substance producing strain of
Bacillus sp. from alpaca feces by agar diffusion method, using Escherichia coli, Salmonella enterica, Staphylococcus aureus,
Staphylococcus epidermidis, Micrococcus luteus and Listeria monocytogenes as indicator bacteria. The isolated strain was
named as B. licheniformis SXAU06 based on colony morphology, Gram staining and 16S rRNA gene sequence. The
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antibacterial substance was isolated and purified through a series of procedures including (NH,),SO, precipitation, chloroform
extraction, molecular interception and SDS-PAGE analysis. Bioinformatics analysis of the LC-MS/MS data indicated that the
antibacterial substance was a bacteriocin-like substance (BLIS) with an approximate molecular weight of 14 kDa, and it was
designated as BLIS_SXAUO06. BLIS_SXAUO06 exhibited high resistance to treatment of proteinase K, high temperature, high
acidity and alkalinity. BLIS_SXAUOQ6 was heterologously expressed in E. coli and the recombinant BLIS_SXAUO06 exhibited
effective antibacterial activity against S. aureus, S. epidermidis, M. luteus, and L. monocytogenes, showing potential to be

investigated further.

Keywords:

G T 2R R — 25 I S A R AR A G ™
AR BAMRREGMAEY A KN ZIK . RS
WY . k40 A R s A& BACTIBASE
(http://bactibase.pfba-lab.org) 1 %E [ Ji 45 ¥4 £ I
J% PDB (http://www.rcsh.org/) %I & %0120 4 % 19 L
B, SRR, ANEAE R ZIERA M . T
B, BARKYERIS A 25 [ HES AR R AETEAR K Y
22 S 2 T 2K B0 2 RV A F O FLAE B T 4T A
B T 2w i e AR ARk, BB
AR B 2 A AR L b . FRAESE ST
AN B, BRI A BT 4 52 e,
T 3= A N T HeAE R AE LS . A S
P PRI JC B TC B A, R B T RERY
Rk R Rz M,

ZEAEAT T AR A0 T R AR LR T A0 I R
ZIEM N EE R AR R, 5 PR R 4 R R A
o, ZFFAT R AN R BURE T T, R R AR
it v i TR RO S B0 S e R R
AR (R) MEEEATIZ 8N
SO B E EAT, 48 E 0 2 HAT A R
£ 80 RFh, AR ZE 20 RF, 4352 o H A ZF
Hu kT Bacillus licheniformis . A% &5 #F 71 4T &5
Bacillus subtilis . f# J& # 2F 1 #f & Bacillus
amyloliquefaciens . 75 = 4 % il #F & Bacillus
thuringiensis. IEFE ZE#UFT & Bacillus cereus Fl%E
25 2RI FT 1 Bacillus coagulans 45 & A8 Bk 7= A=
Wt R, (38) iR 2" E R KRR
WAy, Ay Fa RN, (H AR RE G R T

http://journals.im.ac.cn/cjbcn

Bacillus licheniformis, bacteriocin-like, antibacterial activity, thermal stability, pH stability

— I AL Fak A T L B, B A
Wy SCIR A, AFAE T R AR 0 s AR JRE S (R AL
AP 2 TR R B AR A5 B T 3R — A% i AL O
Ay e A B SCHR AR, A R
WA i R B ZE I P AT, dl o (ARS8 R GTak
A 1 2R RO F 9 o AR SC IS AR NS BE 0 r B ik L
AR A R AR Y 2 AT T 2 R R Y s Al
TE R BGE T AT (38) AR R A 2By 41
FH KM #F B R 3K R G0 Al 18 R AT IR A R ik
G DN AT B 35 A [ R X 2R A T R Y AR
FRPEUEAT S RE , O AN ER 3R A AR IBURIE F 24 BLiE
Hehith

1 MRET %

1.1 ETRESRF

& 7~ SN 77 S Escherichia coli
CMCC44102 ., W BI @I 5 F€ TP ][R TE Salmonella
paratyphi A CMCC(B)50001 . 4 %% {7 % %5 Bk &
Staphylococcus aureus CMCC26003 ., 3 % #i 45 ER 4
Staphylococcus epidermidis CMCC(B)26069 ., &5 1
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Table 1  Primers used for 16S rRNA identification

Primer name Sequence (5'-3")
27f AGAGTTTGATCMTGGCTCAG
1492R TACGGYTACCTTGTTACGACTT

% : 010-64807509

JEHHE 10 min, 4500xg., 4 ‘C&.0> 10 min, Y4
HhEAE, FASVRARAHEA T T, PBS HEUIIEY ;
Iy TR . AR 3 kDa i1 10 kDa 8 38 B 04 AT
SRR, 38158 > 10 kDa. 3-10 kDa #il < 3 kDa
M HW; SDS-PAGE 73#r: — MMKiE#HAT% 5
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BRI ARSI
14 HERMEE. pH. ALBRMALBR
B it 5 14 ZE

W 2k 5 B 4 TR 2R W, 4 3IAE 70 °C .80 °C .
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12.0, 37 CF#HE 6 h J54 pH(EIH = 7.0, Kl
HAWTETEYE , LA pH 7.0 A28 20 B8 28 IR AR X B

aifbJE AN Z AW 1 mg/mL ()2 G
K. JlE& 0% . DNase. RNase Fl4% 5 & (1 E,
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PRTE I, DA A 3 A S AN TR 2R VA TR A Sl X B

S rpie NI IE R 25 24 iy 08 e
AT B (Simulated gastric fluid, SGF) (Bt & pH
B4 2.0, 3.0, 4.0 WM ERRRIEWR , m KA. 18
THEEIET, 1 g/100 mL el & i) FA
T (Simulated intestinal fluid, SIG) (BffR — &
P 6.8 g A 500 mL /K$%5) )5 ] NaOH i pH =
6.8, HIKIEMEEE 109, BHRIEEGRERE
1 000 mL. TEMIEF B P IMAGEIRE:, HoE &
A 0.1%. 0.3%. 0.9%J&MHE M HHK). B 10 mL
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15 RIEREMEEFZNIT
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BRRIERBHL AR A, #4750 . @it
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Fisher Scientific) LC-MS/MS JE1%{Y R4 k178 1
M. is ] Mascot &4 (Matrix Science). NCBI
#1 EXPASy-ProtParam tool i#£47 UniProt, H X .
B ARG E B, WA ESTE SXAU06
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16 MEHEMRZFKIESHE K
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JE, it R R BRI R R S 1, b T
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PIGEEAFH . PCR WA T B i W6 JC L DK A
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Table 2 Primers of BLIS gene to be expressed
Primer
name
F TAACGGGATCCAAAAAGATCTTCGTGAGCCT

R TTGATGTCGACTTAATTACTAAATTCCGAAA

Sequence (5'-3")
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F= 3 S E SXAU06 4k B L BRI E & 14N

Table 3 Antibacterial activity assay using the cell-free supernatant of strain SXAU06

The diameter of the inhibition zones (mm)

Strain E. coli Salmonella S. aureus S. epidermidis M. luteus L. monocytogenes
SXAUO06 0 0 22.38+0.08 21.40+0.15 20.08+0.13 17.51+0.10
1368 bp

65

4]00': Bacillus licheniformis (NR_118996.1)
58 SXAU06

Bacillus coagulans (NR_041523.1)

Bacillus cereus (NR_074540.1)

Bacillus pumilus (NR_043242.1)

99 { Bacillus subtilis (MF590157.1)
100 Bacillus amyloliquefaciens (MG846076.1)

— Bacillus megaterium (NR_043401.1)

38— Buacillus lentus (NR_040792.1)

Bl 1 5 E#k SXAU06 H¥EE
Fig. 1
amplification electrophoresis. (D) Phylogenetic tree.

B (NR_118996.1) HHALE ik 99% (& 1D),
BRI, K Hodim 45 A ZE 4T & B. licheniformis
SXAUO06,

23 HEEZEWMGLER
%F B. licheniformis SXAUO06 j™ A= %) 41 13 2 ik

roregaifh. 1 L JCaRE & e Big WG 60%fH
IR ER B Eh T3R5 25 mL MR, HLIR R R
Dishde . Eas T . PBS T2 4R15 S5 MR AR
R, AR T o IR S, RS
i < 3 kDa, 3-10 kDa Z [A]fil > 10 kDa (1 #l &
5 7 % 8 1 DR 5 7o 1 7 7 I = 8 R A
PRE ME M ZS A& 2 PR, 54071 < 3 kDa.,
3-10 kDa H&E AWM TG EA ., > 10 kDa
P HEL B I EL A s A TR 3 1 o 7E SDS-PAGE i

% : 010-64807509

Identification of the isolate SXAUO06. (A) Growth morphology. (B) Gram staining morphology. (C) 16S rRNA

JK& 10-15 kDa A0 B A7 B 0 AN IR Xk, Z5 2R %
B], B. licheniformis SXAUO06 FT /™ Ji i ¥ Jii &
10-15 kDa [ 8 1
24 FRIEFEMERZSM

B. licheniformis SXAUO06 f LC-MS/MS Jiii
SrBTARE] 85 R 1, KB T > 10%0 & 1
# 4 i~ @it NCBI H X Fil EXPASY-ProtParam
I3Hr, 454 SDS-PAGE 4 Hr A i M % 8 45
WA H)5E B. licheniformis SXAUO06 I £k By 41
W) I R RE B 1K/ 14 KDa B R HIZEH, AR
% B TR T A5 s s, mERRT
KW R —FF, JLIFFIH NCBI B35 h .
tr/AOAOD7XDH3|A0AOD7XDH3_BACAM , F H
fir 44N BLIS_SXAUO06.

. cjb@im.ac.cn



2458 ISSN 1000-3061 CN 11-1998/Q A¥T#E2:4k  Chin J Biotech

(a)

(b)
kDa

B2 ARG E SXAU06 74 B B ¥ R 7E 9 /& 4 1L i3 12 o B9 H0 & 08 1A

Fig. 2 Antibacterial activity assay of the antibacterial substance produced by B. licheniformis SXAUO06 during the
purification process. (A) Antibacterial activity after ammonium sulfate precipitation. (B) Antibacterial activity after
chloroform extraction. (C) Negative control. (D) Antibacterial activity after ultrafiltration collection. (E) SDS-PAGE
analysis of purified protein (>10 kDa) solution and detection of antibacterial activity on gel. (a) Gel overlaid with
S. aureus showed a clearing inhibitory zone, indicating antibacterial activity was associated with the band <5 kDa.
(b) SDS-PAGE. M: protein ladder; 1: sample. (c) Gel overlaid with S. aureus showed a clearing inhibitory zone,
indicating antibacterial activity was associated with the 10-15 kDa band.

x4 HIEERALC-MSIMS XE4R
Table 4 LC-MS/MS identification of antibacterial
substance

.. Coverage

Description Mass Score %)
Stress response protein 19.834 1168 27
YvgO
Glucuronoxylanase 47.259 1151 37
Uncharacterized protein ~ 14.047 1022 34
Beta-glucanase 26.809 884 33
Endo-14-beta-xylanase 48.669 792 16
A
Uncharacterized protein ~ 17.032 769 38
Spore cortex-lytic 49.995 696 35
enzyme SleL
Uncharacterized protein ~ 60.560 622 24
Arabinoxylan 46.880 558 13
arabinofuranohydrolase
2',3'-cyclic nucleotide 14.885 427 12

2'-phosphodiesterase

http://journals.im.ac.cn/cjbcn
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BLIS_SXAU06 HA7 & 4 1) #AFe E 1 A1 pH £
SEVE L IZANTE ZEAE 100 C 44T AL FE 30 min 540
B & PE R 100%, 121 “CARHE 30 min J5 B 1 PE N
50%), 4 CHlt'E 6 1~ H , J5P-4F 100% 14 T4 1 1 o
AN RAE pH 2.0-12.0 &4 F, W@IE R E,
R A WEYE . BLIS_SXAUO06 X4 [l K A
T, X TR T R A R, DR BT TE MY 40%,
X4 75 45 (1 E (Pronase E) fefusk, HWEE M5
4322 (5% 5). BLIS_SXAU06 ELA % (14T JH 5
FITN 5 45 FIRERE /7, 76 pH 2.0 250F T B E M BGE
FH 6 h S AmE E MR 55%, WA TE e % pH (E Y
EFmE . 7E 0.9%AHER e B A TAEF 6 h e
IRIEYE N 45.6%, TR PEREA IHER W BT
i (K 3).
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#z 5 RE. pH FAEgx BLIS_SXAU06 HIE & 149
A1)

Table 5 Effects of temperature, pH and enzyme on
the antimicrobial activity of BLIS_SXAU06

Residual Residual

Treatment activity Treatment activity
(%)* (%)*

Heat pH

70 °C, 30 min 100 2.0 100
80 °C, 30 min 100 3.0 100
90 °C, 30 min 100 4.0 100
100 °C, 30 min 100 5.0 100
121 °C, 30 min 50 6.0 100
4 °C, 6 months 100 7.0 100
Enzymes 8.0 100
Proteinase K 100 9.0 100
Trypsin 40 10.0 100
RNase/DNase 100 11.0 100
Pronase E 0 12.0 100

*Residual activity compared with antimicrobial activity
before the treatment.

2.6 BLIS_SXAU06 HyZFRikFn04 1k

SDS-PAGE Z#r& iR, MR RRIEN
BLIS_SXAUO06 J& LRI i 8 1 R A o 4 25
HMFIE R Fis (K 4A). E4 BLIS_SXAU06
Zidalifb)s, SDS-PAGA /r#ré R, aifb)a i
KU 2R T — 450 (K] 4B). Western blotting

s
o

E= Simulater gastric fluid
I Simulater intestinal fluid

]

(o8]
(el
T

<
T

Bacterios tatic diameter (mm)
3]
[l
T

(=)

> N D D ~ - X X
& VM S & & L
Q‘Q Q\ Q" Q\ Q'Q Al g AL
¢ R R O

v\° a\“ 9\3
NG
Q& Q”p Qq

3 SGF #0 SIF XF BLIS_SXAUO06 1 & & 4 B 82 g
Fig. 3 Effect of SGF and SIF on the antimicrobial
activity of BLIS_SXAUQS6.

gE LN, E4 BLIS_SXAUO06 fEMS 5 EL#L His
Mo EPUARRER ML S, EA RS EUT R/
(K 4C).

2.7 E4H BLIS_SXAUO06 BYHN & & 1444 M)

H2 BLIS_SXAU06 H7A il 4 v o f 4 Bk
PRl S R A BRI | TR ORR TR A A 2R TR FC
A KBTEE (] 5SA-D), PBS [ %5 BE L & [l i 48
B KoRZ 23 (18 5E), Amp BHPE X FE L Rl
FIA B A2 30 T B R A (& 5F) . 25 0
MR R R RE R IEMEL] BLIS_SXAU06 HA
B B P A TR T 2

A B @

kba M 1 2 3 4 kDa 1 2 3 kDa M 1
75— . 75— B

60— & = 60— -

ol 45— 15—

35—[.. 35— o

25— S - 25—

15— - 15—

=== o -

i R

4 E4E BLIS_SXAU06 By&iszhk

Fig. 4 Expression and purification of the recombinant BLIS_SXAUOQ06. (A) SDS-PAGE analysis of the recombinant
BLIS_SXAUO06. M: protein marker; 1: non-induced; 2: induced; 3: supernatant; 4: pellet. (B) SDS-PAGE analysis of the
purified recombinant BLIS_SXAUO06. M: protein marker; 1: samples after ultrasonic lysis; 2: flow-through; 3: elution.
(C) Western blotting analysis of the recombinant BLIS_SXAUO06. M: protein marker; 1: purified recombinant

BLIS_SXAUO06.

% : 010-64807509
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E5 F4H BLIS_SXAU06 #5575 A&

Fig. 5  Antibacterial activity of the recombinant
BLIS_SXAUO06. (A) S. aureus. (B) S. epidermidis. (C)
M. luteus. (D) L. monocytogenes. (E) PBS (negative
control). (F) Ampicillin (positive control).

3 Wit

AT AR N S AR S IR R 2 —,
MMUFRE 2, RS2, BaskEsn. btk
SO BT 3 R TR R = = YA (]
PR GTIR . 0 g A AT F5 BT D BE 1 2F f AT
W R AN &, X EAE . AR RN
FVEATIFSE, AT LAF R 2E F AT 1 e 4 1 %
FIBFZEE R, T EL AT DUA A0 R AR R L =
BRIk, AHEIE I ZFIRE S s
A A FTIBER ZEAFF I L (3%) M E.
Xin 2518 G R i 1 P 75 06 3 2F AT B R Bk TS,
FE 0 B HA 0] v R 4 o R AT ER R AR
KAANEZE TP, Sharma ZER7VK A SERE b o 07 ik
FI| 40 2 4 B. subtilis GAS101, Hir /- 41 E %
Xof K A T R Bz A 25 B T 0 AR K B AT ol A
H, HEATH &R W B 58 A 45 . Chauhan 2E08
i 356 30 A A5CH B ARG PR 4 B 6 2 Bk R A 1
) ZE A AT A BLIS TSH58.

ABFSENFELEZE i E S B. licheniformis
SXAU06, 1% B I & e i X) 4 o (o ) A Bk A
PR R EIBRTE | e v foleR B AN B 2 IR R TR Y
AR AAHEHIHRAER . 3208 AR DT
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WE . AR . 4 1 SDS-PAGE L) & 4
HARY BT B, licheniformis SXAU06 % i I
HHMERHET B MEE, SRS MAY
15 B2 00 B TOI 240 T R 2 R IR T 4, WA H
7, B. licheniformis SXAUO6 Jif /=l 4 ¥ ) 7] fig
Ny T4y 14 kDa WY H o 5 SCHRARIE , 27 AT
AR 28 20 DL B A i R SOR RO R ERY T 26
% . LL0.77-10.00 kDa /N TRk Ik hy 4
TER TP E MLLK T 30 kDa 4 it 1R
FRIEMTIIZEAN TR 2R o M HAF 22 v 458 K/ T
Z K (10-30 kDa) F1HAth o #5177 A= (1 K o+t
W, HTESE . e SR G5 55 Dy T
o= B, IR IR LI T 2R, MR
BLISI . R i 2 FEUHT 1 200 1 25 4324 A0 BB e 1)
FEXT . 43T, ASBFSE 53 2 B AP E & 8 T 24
FF# BLIS AY—Flr .

4 P 28 o AR B 2 L AROb AT S s
A TR T2 U e R ik, B
FIEHHAE M. Lim SRR, ek 2
FFE RXT7 P24 % 100 “CAEBE 30 min, i M 4R
FH 80%, HA R M E P, Ao BBl
BLIS_SXAUO06 Al fif 57 121 ‘CAb¥ 30 min, HA
i AR o FLEREEBK A 2 (Nisin) 7ERR ML
AR SR BTG, EAE A R PR, 3
Fede, AR BRI T HR PR 2R AT A
R AEM R BT TR B, Ayed 25PN i
¥ ZEHFF I An6 K 4y B 8] BLIS fE
pH 4.0-10.0 &M TR A M IS . Minnaard
2 (STt B 25 FAT 1 40 5 B 19 BLIS mée Al
BLIS m387, 7£ 70 CAbEE 30 min iGPERRE, 1
pH 3.0-7.0 Ju [H WG M2 . B. licheniformis
SXAU06 fif/=#y BLIS_SXAUO06 £ pH 2.0-12.0
B S O N SRR 2 G N i B B o = 4
JEPEARTE . AR R 50.2 Al RS E A E K
FIE K 524003, T Bl B aE 1 R 40 22 35 120,
B. licheniformis SXAUO06 fif 7= BLIS_SXAU06 1
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BERE SR I E SRS, IR A E A
MR o0 08, T 2R P KOASRER, X e R
PE(iFS BLIS_SXAU06 ZEfRRHINT. . 25¥1iR)7 55
7 T LA VR A B O I 5

Hi4i B. licheniformis SXAUO06 &% I %)
22 [QE I R A B VE R R oS B K IG AT I R
KR GNE N BLIS_SXAU06 (kAR . (KIS
REMU T2 8 J1 2%, INTAT S50 3 & v v M T
o], J el SR R A, I T R A e Ak 1
Fak P2 Wk, AR e E 4 BLIS_SXAUO06
() 3R AN A0 I IR R B L], ASBIF 9 35 BEOK
T TRT A 2885~ i ek o T 2 1 %) 6 TR I 4
177 BB, 31 pCold- T 15 Ky Fik Tk,
PEATARIRAR S 5, R T RAF IR AR .

ZE BTk, AT DGR A v i g 37 2
YHEEZ 1 B. licheniformis SXAU06, Fr 252
REAEI R g v . ke bl . BRsa
EE, HXF AT BB T B —E Wi %
PEo I KIBAFER IS RG RS T B AMEEE
I E 4] BLIS_SXAU06, Ji4knl X} B. licheniformis
SXAU06 #1 BLIS_SXAUO06 44 124 L RE HEATHF
58, JFRILAER A | AW BE 25 & 5o T4
S O
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