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Bacteriocins are antimicrobial peptides synthesized on ribosomes, produced by bacteria, that inhibit
the growth of similar or closely related bacterial strains. Since the discovery of nisin, many bacteriocins
with unique structures and various modes of antibacterial activity have been described, and genes
encoding production, secretion, and immunity have been reported. Nisin is one of the bacteriocins
applied in cheese, liquid eggs, sauces and canned foods. Many of the bacteriocins of the genus Bacillus
belong to lantibiotics, which are modified peptides after translation. Other genus Bacillus also produce
many non-lantibiotic bacteriocins. Bacteriocins of the genus Bacillus are sometimes becoming more
important because of their broader antibacterial spectrum. Bacteriocins are considered attractive com-
pounds in the food and pharmaceutical industries to prevent food spoilage and growth of pathogenic
bacteria. Bacteriocins can be used as biological preservatives in a variety of ways in the food system.
Biopreservation refers to extending shelf life and improving safety of foods using microorganisms
and/or their metabolites. The demand for new antimicrobial compounds has generated great interest
in new technologies that can improve food microbiological safety. Applications of bacteriocins are
expanding from food to human health. Today, many researchers are shifting their interest in bacteriocins
from food preservation to the treatment of bacteria that cause infections and antibiotic-resistant diseases.
This exciting new era in bacteriocin research will undoubtedly lead to new inventions and new
applications. In this review, we summarize the various properties and applications of bacteriocins

produced by the genus Bacillus.
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Table 1. Proposed classification of bacteriocin produced by Bacillus species
Bacteriocin Producer Size(Da) References
Class [
Subclass-1.1: single Subtilin Bacillus subtilis group, B.subtilis 3319.56 11
peptide, elongated Ericin S B. subtilis A1/3 3442 59
tibiotics Ericin A B. subtilis Al1/3 2986 59
1 ] Subclass-1.2: Other Sublancin 168 B. subtilis 168 3877.78 49
Cassl I: P?ISt' single-peptide Mersacidin ~ B. subrilis HILY-85.54728 1824 7
trans Zt}f?nz Y lantibiotics Pacnibacillin  Paenibicillus polymyxa OSY-DF 2983.5 28
modifie
peptides Subclass-1.3: Two Haloduracin B. halodurans C-125 3046 and 2332 41
componet lantibiotics Lichenicidin B. lichenifomis 3253.92 and 3021.69 27
Subclass-1.4: other Subtilosin A B. subtilis ATCC 6633 and 3399.7 30
post-translationally B. subtilis
modified peptides Amylocyclicin =~ B. amyloliquefaciens FZB42 6400 53
Coagulin B. CQagyllins 14 4624 34
Subclass-IT1- SRCAM 37 Panlbizclllus polymyxa 3000.5 61
S NB-30507
Pediocin-like oo
entides SRCAM 602  Panibacillus polymyxa 3864 61
pep NB-30509
SRCAM 1580 B circulans NRRL B-30644 3000.5 61
Class 1I: Thurincin H B. thuringiensis SF361 3139.51 62
Non modified Subelass-I1.2: Thurincin S B. thuringiensis HD198 3137.61 12
peptides Thuricin-lillce. Thurincin 17  B. thuringiensis NED17 3061 24
entides Bacthuricin F4  B. thuringiensis ssp. kurstaki 3160.05 31
pep BUMP4
Cerein MRX1 B. cereus MRX1 3137.93 54
Subelass-IL.3: Cerein 7B B. cereus Bc7 4893 47
Other linea‘r‘ entides Lichenin B. lichemiformis 26L-10/3RA 1400 and 1500 50
pep Thuricin 439  B.thuringiensis B439 2803.8 and 2919.9 2

Table 2. Amino acid sequences of Bacillus bacteriocin

Class Bacteriocins Amino acid sequences
Subtilin WKSESLCRPG CVTGALQTCF LQTLTCNCKI SK
Class. I .1 Erosin S WKSESVCRPF CVTGVLQTCF LQTITCNCHI SK
Erosin A VLSKSLCTPG CITGPLQTCY LCFPTFAKC
Class. T 2 Paenibacillin ASIIKTTIKV SKAVCKTLTC ICTGSCSNCK
"7 Sublancin 168 GLGKAQCAAL WLQCASGGTI GCGGGAVACQ NYRQFCR
Class. [ 3 Lichenicidin PAGNILKELQ EEEQHSIAGG TITLSTCAIL SKPLGNNGYL CTVTKECMPS CN
"7 " Haloduracin GDVHAQTTWP CATVGVSVAL CPTTKCTSQC
Class. T 4 Subtilosin A NKGCATCSIG AACLVDGPIP DFEIAGATGL FGLWG
"7 Amylocyclicin - LASTLGISTA AAKKAIDIID AASTIASIIS LIGIVTGAGA ISYAIVATAK TMIKKYGKKY AAAW
Coagulin KYYGNGVTCG KHSCSVDWGK ATTCIINNGA MAWATGGHQG THKC
Class. T[.1 SRCAM1580 VNYGNGVSCS KTKCSVNWGI ITHQAFRVTS GVASG
7 SRCAM602 ATYYGNGLYC NKQKHYTWVD WNKASREIGK ITVNGWVQH
SRCAM37 FVYGNGVTSI LVQAQFLVNG QRRFFYTPDK
Thuricin S DWTXWSXLVX AACSVELL
Bacthuricin F4 DWTXWSXL
Class.I1.2 Thuricin 17 DWTCWSCLVC AACSVELLNL VTAATGASTA S
Thurincin H DWTCWSCLVC AACSVELLXL VXAAXGAXTA S
Cerein MRX1 DWTCWSCLVC AACSVELL
Class. 11 3 Lichenin ISLEICXIFH DN
"7 Cerein 7B GWWNSWGKCV AGTIGGAGTG GLGGAAAGSA VPVIGTGIGG AIGGVSGGLT GAATFC

X denotes unknown amino acids.
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Fig. 2. Schematic overview of action mechanism of class I, II and III bacteriocin. Diverse bacteriocins display antimicrobial
activity by disrupting cell integrity or inhibiting the synthesis of proteins or nucleic acids. Class I and II bacteriocins
bind to cell walls and facilitate pore formation, causing cell death by dissipating proton motive force. Class Il bacteriocins
bind to cell walls and induce direct cell death. This figure was reorganized according to the report by Ahmad et al.
2017. Intern. J. Antimicrob. Agent. 49, 1-11.
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teriolytic) &2 T-E-H T} B. subtilis LFB1127} AJ4H3t= vt
H 2 2412 S aureusE SAIZE Jrol| A|EZ7T QLA Al at=
Ao 2 Hol AFA8-& YERH ATH64]. Thuricin 7 B
2] 221 B. thuringiensis serotype 109 th3l] 288
eEb o v ] 2419 &2 F5(100 AU/mINA =
7285 YEMATH13]. =3 B brevis7} A4St
bacillocin BbE 8§25 LEFH A TH52]. ¥rH ol Bacil-
lus 40] A4+sk= HHEIE] 241 F brevicin AF1S 18 &
AR O AT FHEHES YEFNA S aureus
of thall A F 3AFH AAT-& AP 7| & &
£8 EATH19].

B. licheniformis P407} A34Vet= BLISTE L. mono-
cytogenesS 10° CFU/mIE 3} 107 CFU/mlo =23k
AXZE W F 3 HIEE 50 AUmLS] HF F=olA v ¢
6AIZE M S & AF= Alds &3] AbEst] wlg e
gk AF5 Aol dig AF28-S YER AT ol gk
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A= FAFoIY AzolA frefste 2lzElgod &
Ao = e 242 A2 Zo= 7|tEn(le]

BEHZI2A S8

Bacillus sp. 7} 274 H‘E A ELAEE THIT st
I 97 Yol A FAG T ofy el kg AFg el
AES F 9lom HE 7]’%@ Hofg oz} o] 9ok
e Uth A WA, ookF Al 488 = ok @A)
AHE S B2 gAA Eﬂd Ao WAEEA A
Ev 5w, AES BdE AR ool X5 bac-
teriocin®. 2 UASlH = HA4lel FUstar 14l
Subtilosin A [26]= AAHE FL F Je 5, A AT
A3 A4S 7 QlojA Adefo g e S AlAlsE

™ mersacidinS A A WA TA S, aureus®] MRSAO] 7+
3 A& 5S YERITH3, 7).

T WA, F4F Aol A8 & o WA vAEd
rad &8 A9 7tE9 A5k AAEZ, HAS T
£ s FAAE Atsol Hriste AFgEta dTh62].
23 Ao} AL O R Ig FAA 280 F A EA
[

[

2

£ Uor B Yelel i A2 o|9)e] Age 23t
3 gl At webd H Uy maRe) 2 Fol
WA 4REe] Hsw gAA tAAT a7 g

Z
_I.4

HAJo]t}. Pattnaik S[50]°] Bk B. licheniformis7t 284+
3 lichenine 7152 A9 #4bEE& o7& S. bovis
of g F¥S 7ML, vdgd g FE VTt
T 7] ol W BEJRA ) A8E F Ue A
go] Jvkar Bkl

Al A, AEAY S BEAZ AT 5 Uth Ao
2RSS A EEATE H7HE A Fa Hae Thy 3
ARE AX = ‘fresh foods’S F7-&oh. whebA] HAREA
2 A 4 Q)= bacteriocin®l] g HAO] T
oH38].

3t 7]ze] Tl §l9lo] e e

L2
AL Do 25

7hsta Qleh o] Anz w7t 3}
Heeslo] AT Jom A2 WAY wejel oAl
el s BAe HEE Askel B4, B

4
el 87140 2 $A WA £ 4
& 2] $i30ef Be 477} 2 5 %

74 uhg]]a O A
A BRs) ’F:" oA =
Aok o2 RE W g
AZo) o] ofr|E & A%
A2 Brpdan ok A5 &3t EHEZE=
Lactococcus7}t AJ4FsH= HHEE] 24120 nisin©] S5/ A &©|
U A2, - ol HArkste] AMS-E I Utk Nisin A4A|
SA4o] glar, Aol Astaso o) HA &)=

4
ok
o X
o
#
éi
é
g2 o
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}% o vl

AE HE
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, AH3 pH 9l A bR sk, SAHAIE A, b
ol FAHATE. o9} HI=3 A& B lentus7} A4
£ A& R JHAHeE AAS = o
<l L. monocytogenes B+ S. aureus®| A
T AEHo] 70% At ATk T3 B sub-
tlis ATCC 663394 A4HE = subtilin®] 27} nisin} H]
=3t AEFREAR Ao 7eE AS R AZETL[S,
11, 38, 42, 45, 55].

Yl A, shell et 2-8-olth Bacillus 0] BAle=
ol g3 &4do] e
agents’ 2 AREE 4= QITH33].

EfA 283 B. pumilus WAPB47} A 4F3}= bacter-
iocine pH ¢} &l ¢HA st SEA 2HAAE WA
o] o] FHel A2 = UL B. subtilis 14Bo| A &gk
vHe| 8] A1 Agrobacterium | = &3} 0]31[3, 25] B. li-
cheniformis ZJU127} 3-8]3}= HHE| 2] 2412 plant disease
of A o|th27]. T BeolA & B thurin-
giensis NEB17¢] A} 3}= bacteriocinS 2 88|12 FA4
& =9 AAE AT, AEY AW AFAES Fo
=03 HIFEAT24, 25].

bacteriocin< ‘biocontrol

Bacillus 45°] A4bsh= E]_?_/ﬂ o g AF= =
Ao w s F3EHL < HaE nlol &t
150 Fo] I AF AFol= B. licheniformis, B. vele-
zensis X B. subtilis7} 5+ W& Mol ™, GRAS (Generally
recognized as safe) = 2N A B subdliss= 2452 AR
A FBEHES A At A =
e 2] A2 A EH o7 A A EA e Ta
A T AT FAE AATH Aol HAA 54 AL

Ea AR, ook 5309
Avhe2). Feltebs A% R

F2Fo] FTH
2| ZAY 0 ZHE A 2-g v E] 2218 WA= Bacillus

42 GAT 5 gom BOE $§ b5yl Fe uH
2 o

Lale] A7 EdsiA x¥yd
ZAe| =

o] =EL 202120235 AAdthstw A-EAFA A
] 2 FyE A7,
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