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Abstract: [Background] The marine pathogenic bacterium, Photobacterium damselae, causes
various diseases in marine organisms and humans. Therefore, it is of great significance to
investigate the approaches for the biocontrol of P. damselae. [Objective] To investigate the
activity and mechanism of bacilosarcin B from Bacillus subtilis in inhibiting P. damselae.
[Methods] Bacilosarcin B was prepared from the fermentation broth of B. subtilis fmb60 by
high-performance liquid chromatography. The minimum inhibitory concentration of
bacilosarcin B against various pathogenic bacteria and the time-kill curve against P. damselae
were determined using a spectrophotometer. The impacts of bacilosarcin B on the biofilm,
extracellular nucleic acids, proteins, and intracellular alkaline phosphatase content of P.
damselae were assessed. Fluorescence microscope, scanning electron microscope, and
transmission electron microscope were employed to examine the cell membrane permeability
and cell wall integrity of P. damselae. Finally, the effects of bacilosarcin B on bacterial motility
and intracellular DNA were studied. [Results] The minimum inhibitory concentration of
bacilosarcin B against P. damselae was 8 ug/mL. Bacilosarcin B disrupted the integrity of
bacterial cell walls and cell membranes and increased membrane permeability to cause the
leakage of cellular components. Additionally, it bound to intracellular DNA by the manner
similar to the insertion of ethidium bromide into DNA. [Conclusion] Bacilosarcin B exhibits a
significant inhibitory effect on P. damselae and has the potential to be developed as a novel
antibacterial agent, which is of significance for the healthy development of marine aquaculture.
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A 7N R A SR/ N TRV B

1.2.3 Bacilosarcin B %13 A £ & AT E A KHIS M
Bacilosarcin B 38 A & AT I AR K 52 M
(00 7 2 B i 20 AU vk It me k. F 3
N AR CH R B E ] 2 ODgoo N 0.4, 41
FIMAZIREE R 0. 1/2xMIC, 1xMIC Fl 2xMIC
f) bacilosarcin B, & T2 KEtr{h 28 °C
THIRRESR 30 h, BERR 1 h @ WE WA KN
600 nm I EAE
1.2.4 Bacilosarcin B 3 E A B L AT EMHAE
Y FE B9 52 M
Bacilosarcin B X 38 A\ i &k AT B AAEY)
kR i 4 0 52 2 R ST 1 O ek
o B FEZ ODgoo M 0.4 3 N L EH R TE
RIESINE] 96 FLANMI IR P, T 28 °ClE L1
I¢ 24 h SRS AR, T PBS TR UERR 4L
B AR ALK 1/2xMIC
1xMIC FiI 2xMIC FJ bacilosarcin B, LAZEAFH 1)
PBS VRN BHPERT IR, F 35534 T 28 °CHiF & 24 h
Jii F PBS B2 Z 431 bacilosarcin B, £ F [
7E 15 min FEEHEE, AWREHT 0.1%A0 45 f 5
Jufd, 20 min JFPERZRMLGERE, BTEERM
33% A VK i PR A i o B A I, 3 2ot A K AR
SO E P KA 600 nm B GE . AR PE A S
Y(%)=[(A—As)/Ag]x100 THEIERRAE, o Ay Al
As G353 Xof B R A 3ZH 1 IO
1.2.5 Bacilosarcin B £InE ZXEA B LN
B ZER F1 & B it s RO
FNAFOCHFREFE RN PBS ALl ODeoo
N 0.4 TR, 73 AL 0.1/2xMIC
1xMIC Fl 2xMIC HJ bacilosarcin B, 28 °C{H i
JHE 2 hJ5 6 000 r/min 5.0 5 min B3 W
0.22 pm JEMETE . SRS AN R TN A%
i (OD160) F17E [ J5i (OD,50) A 5 H 8
1.2.6 Bacilosarcin B XI A RFRERARRTEE 2 2 RIS/
Bacilosarcin B X ifd A Bl 114 # 8% 1§ (alkaline

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



EiglE % | HEFBAAED bacilosarcin B XJ3E A £ & AT H BN E A IE 423
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1 Amicoumacins 214 ZiRHH 7T EI(A). bacilosarcin B 1IF BT Fi & (B)#0 bacilosarcin B 544 & (C)
Figure 1 Liquid phase analysis of amicoumacins antibiotics (A), bacilosarcin B positive ion mass
spectrometry (B) and bacilosarcin B structure (C).

%< 1 Bacilosarcin B X¥ 8 fii% J& & A9 I & & R
Table 1 Inhibitory effect of bacilosarcin B on eight pathogenic bacteria.

Strains Strain No. Minimum inhibitory concentrations MICs (ng/mL)
Vibrio parahaemolyticus CICC 21618 32

Vibrio harveyi MCCC 1A00232 >128

Vibrio campbellii MCCC 1A02605 >128

Shewanella putrefaciens ATCC 49138 32

Photobacterium damselae subsp. damselae MCCC 1A00223 8

Escherichia coli CICC 10003 >128

Bacillus cereus CICC 23828 2

Saphylococcus aureus CICC 23656 2
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cereus CICC 23828 . S aureus CICC 23656 445 4517
FHMEEROR, Mm%t V. harveyi MCCC 1A00232. V.
campbelii MCCC 1A02605 F1 E. coli CICC 10003
T B RMERR . 54, bacilosarcin B X
P. damselae MCCC 1A00223 ft /NI T He
8 wg/mL, ELA I 3 il 7% P , B bacilosarcin
B 1E 3 N CH B 6 5 T EAA R A0
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2.3 Bacilosarcin B MEAB A XTFEE
KB 2N

Bacilosarcin B X 36 A\ i & AT I A= K 5%
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bacilosarcin B 138 A\ & AP A K 1 h JF#EA
MBI, 16 h 5T UG E AT E ] 5 Tk e 23
H24 1xMIC., 2xMIC [ bacilosarcin B 1] A58 4>
R AR A MR R 1/2xMIC ) bacilosarcin B
fHEIATERT 8 h ALK AZ BN S8 23, I Bou
BRI e TS, ARt e e, @
PR BH (2 IR T AR 1 bacilosarcin B 1 B AU B
Ui bacilosarcin B X} 3¢ A\ & G A K HA
B E I EIAE

—a— 2xMIC
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—A— 1/2xMIC
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04
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E 2 Bacilosarcin B XX A& EZXITFEEK %
A
Figure 2 Effect of bacilosarcin B on the growth

curve of Photobacterium damselae.

2.4 Bacilosarcin B 3EABLZALFEK
R 4 AR A 52 1

45 i R L (R A I A W FEE 0 28 ML
IR FH 45 i 2R e (2 L PEA bacilosarcin B X 36 A
R OCH TR B AE IR B R BRAVE T . 25 1
Kl 3 iR, 4 12xMIC, [xMIC F1 2xMIC 1
bacilosarcin B X3¢ A £ & EHT Ta LAY A= P 8%
BREAEFT 24 h 5, TEERFII510 32.49% ., 47.88%
F1 66.17%. 2528 bacilosarcin B H A T BR A%
BRI RE T
2.5 Bacilosarcin B 3£ AB X XFE%
R AN B itthm B9 E

38 2o QEH@?FL(@?&*&@&?%G@EEW“
i HE S L A TR A0 R Y e R . SR 4
fin, % 1/2xMIC, 1xMIC il 2xMIC
bacilosarcin B 53 AR NHEIEMN 2 h )5,

70 c
60
S b

1/2xMIC 1xMIC 2xMIC
Contentration of bacilosarcin B

Bl 3 Bacilosarcin B 3E A& XX ERAEY
FRESERIER ARVNG FRERIRN R EE Y
bacilosarcin B b FH 3E A 0 & G IR 22 7 i 2%
P<0.05. T[]

Figure 3 Scavenging effect of bacilosarcin B on
mature biofilms of Photobacterium damselae.
Different lowercase letters indicate significant
differences between different concentrations of
bacilosarcin B treatment of Photobacterium
damselae (P<0.05). The same below.
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0.00 W 1 L | L L 1 1 L | 1
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0.0|| 1 L 1 1 [ 1 1 | 1 |
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Contentration of bacilosarcin B

4 Bacilosarcin B 33 A £ & & BIRER (A)FI & B Bt IR (B) B 22 i
Figure 4 Effect of bacilosarcin B on nucleic acids (A) and protein leakage (B) of Photobacterium damselae.
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Figure 5 Effect of bacilosarcin B on AKP leakage
from Photobacterium damsel ae.
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Control 1/2xMIC 1xMIC 2xMIC

. - - - -
i - - - -
B 6 WWHEMEWE bacilosarcin B XJ3E A B & J 4T 2 i % 52 224 A9 52 M (40%)

Figure 6 Fluorescence microscopic observation of the effect of bacilosarcin B on the cell membrane integrity
of Photobacterium damselae cells (40x).

ot st et
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7 EFRMBEFESBIET bacilosarcin B EA B A X EMABEESTH A BB A PBS,
2xMIC Y bacilosarcin B AbFE 2 h Ji5 3 A & SEAT B A3 B8 R (BT Sk Ak iz 2504 T~ R O A ETES). CL
D 4352 PBS. 2xMIC A bacilosarcin B AMF 2 h J5 35 A A & YGHT B8 Y32 5 i s 1K

Figure 7 Changes in cellular morphology of bacilosarcin B on Photobacterium damselae under scanning and
transmission electron microscopes. A and B are scanning electron micrographs of Photobacterium damselae
after 2 h treatment with PBS and 2xMIC of bacilosarcin B, respectively (typical bacterial morphology under
these conditions is indicated by arrows). C and D are transmission electron micrographs of Photobacterium
damselae after 2 h treatment with PBS and 2xMIC of bacilosarcin B, respectively.
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BT TR A ) 01 266 B R0 A= 0k BT B 2 vp R
HERIEEMAP, G5 8 FiR, S5xf LI
Fo, 12xMIC . IxMIC il 2xMIC ¥ J¥
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Figure 8 Effect of bacilosarcin B on the motility of
Photobacterium damsel ae.
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Figure 9 Fluorescence spectra of different concentrations of bacilosarcin B with EB-single/double-stranded
DNA. A and B are double/single-stranded DNA bound to EB, respectively. C and D are bacilosarcin B
competing with EB for binding double/single-stranded DNA, respectively.
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