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Introduction
Like all organisms in nature, bacteria too have their own immune 

system and defense mechanisms. The antagonistic factors like 
antibiotics, bacteriocins, lysozymes, siderophores, proteases, and/or 
hydrogen peroxide and the alteration of pH values by organic acids 
produced either singly or in combination act as defense substances. 
Bacteriocins are potent antimicrobial peptides and proteins, found in 
almost every bacterial species examined till date, and within a species 
tens or even hundreds of different kinds of bacteriocins are produced.1 

The three types of cells in a microbial community are, 
bacteriocinogenic (produce bacteriocin), sensitive, or resistant to 
each bacteriocin. Thus in marine environments, all three cell types 
compete with each other for limited resources, with only a small 
percentage of bacteriocinogenic cells induced to produce and release 
bacteriocin. While some sensitive cells are killed immediately by 
the bacteriocin, others harbor mutations that impart resistance. 
These resistant cells rapidly displace the producer cells. In contrast 
to traditional antibiotics that are used in human health applications, 
bacteriocins mostly target members of the producer species and their 
closest relatives.2 Hence they are classically considered to be narrow 
spectrum antibiotics. Halobacteria and archaea too produce their own 
version of bacteriocins, the halocins.3 Some bacteriocins are capable 
of inhibiting archaea,4 but there is no confirmed inhibition of bacteria 
by a halocin, although there are reports that halophilic archaea are 
capable of inhibiting halophilic bacteria.

Bacteriocin was first discovered by Gratia in 1925,5 during his 
search for ways to kill bacteria. He named it a  colicine  because it 
killed E. coli. The term bacteriocin was coined by Jacob and coworkers 
in 1953,6 which paved the way for the development of  microbial 
antibiotics  and the discovery of bacteriophages, all within the span 
of a few years. High-throughput sequencing technologies reveal 
that bacterial diversity is larger than expected in marine microbial 
ecology and contains an extremely large number of microbial 
genes of unknown function.7 Nevertheless, only a few bacteriocins 
and bacteriocin- like- substances have been described from marine 
bacteria. In the limited knowledge of marine bacterial biodiversity 
and the urgent requirement for antibiotic alternatives, the marine 
bacteriocin research is an open alternative in the near future. 

Discussion
Bacteriocin definition 

Bacteriocins are ribosomally synthesized proteinaceous 

compounds, lethal to closely related species of producing bacteria, the 
latter being protected by self immunity. These toxins play a critical 
role in mediating microbial population or community interactions. 
Bacteriocins may serve as anti-competitors enabling the invasion 
of a strain into an established microbial community or act as 
communication molecules in bacterial consortia like biofilms. i.e., they 
play a defensive role and act to prohibit the invasion of other strains 
or species into an occupied niche or limit the advance of neighboring 
cells.8 An additional role proposed by Miller & Bassler9 for Gram-
positive bacteriocins is in quorum sensing. Some bacterial species 
produce toxins which exhibit numerous bacteriocin-like features, 
but they are yet not fully characterized; such toxins are referred to as 
bacteriocin-like inhibitory substances, or BLIS. This review focuses 
on bacteriocins10–14 and bacteriocin like substances15–18 isolated from 
marine environment and marine food products.19,20

A precise definition of the bacteriocins is obscure and futile. 
Conventional criteria for definition of bacteriocins were based on the 
characteristics of colicins. These criteria have been used in varying 
combinations and applied with different degrees of consistency and 
proof in defining other bacteriocins: (i) A narrow inhibitory spectrum 
of activity centered about the homologous species; (ii) a bactericidal 
mode of action; (iii) the presence of an essential, biologically active 
protein moiety; (iv) attachment to specific cell receptors; (v) plasmid-
borne genetic determinants of bacteriocin production and of host cell 
bacteriocin immunity; (vi) production by lethal biosynthesis (i.e., 
commitment of the bacterium to produce a bacteriocin will ultimately 
lead to cell death).21 

Marine organisms as a potent source of bioactive 
compounds

The marine environment differs substantially from terrestrial and 
fresh water habitats because of its exigent, competitive and aggressive 
nature. The estimated density of bacteria in seawater and sediment 
ranges from 105 to 107/mL and 108 -1010/g respectively.22 Little is 
known about the diversity of marine microorganisms. The number of 
species of microorganisms has been estimated from as low as 104 -105 
to as high as 106 –107.7 Bacteriocins produced by marine bacteria are 
primarily of interest to researchers due to their potential as probiotics 
and antibiotics in the seafood industry and marine aquaculture.23–25

The first marine bacteriocin was isolated from Vibrio harveyi 
(formerly Beneckea harveyi) by McCall & Sizemore26 when they 
screened 795 strains of Vibrio spp. isolated from Galveston Island, 
Texas. The identification of harveyicin led to numerous bacteriocin-
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screening studies in marine bacteria, which focused on biochemical 
characterization of bacteriocins and BLIS.

A study by Wilson et al.,27 on surface-attached bacteria isolated 
from Sydney Harbor, Australia, revealed that approximately 
10% of surface-attached marine bacteria possess antibacterial 
activity. Proteinase K treatment attributed this inhibitory activity to 
proteinaceous substances such as bacteriocins or BLIS. Antimicrobial 
screening of 258 bacterial strains from water and sediment in 
the Yucatan peninsula revealed 46 strains of genera Aeromonas, 
Burkholderia, Photobacterium, Bacillus, Pseudomonas, Serratia 
and Stenotrophomonas with antimicrobial activity. Around fifty 
percent of this antimicrobial activity was attributed to bacteriocins or 
BLIS.28 A thermostable bacteriocin BL8 from Bacillus licheniformis 
from marine sediment,29 and halocin SH10 produced by an extreme 
haloarchaeon Natrinema sp. BTSH10 from salt pans of South India30 
were reported.

Some bacteria particularly those in the digestive tract, produce 

inhibitory compounds that control the colonization of potential 
pathogens in fish.31,32 For instance a heat-labile and proteinaceous 
substance with a molecular mass of <5kDa was recovered from 
Vibrio sp. obtained from the intestine of a spotnape pony fish.33 
Similarly, bacteria capable of inhibiting growth of pathogenic Vibrio 
sp. were isolated from the digestive tract of halibut (Hippoglossus 
hippoglossus) larvae.34 In another study, of the 1,055 intestinal 
bacteria derived from 7 coastal fish in Japan, 28 isolates (2.7% of the 
total) inhibited the human and eel pathogen V. vulnificus.35 Marked 
inhibition was displayed by 15 isolates, consisting of 11 Vibrionaceae 
representatives, 3 coryneforms, and 1 Bacillus strain NM 12; the latter 
demonstrating the most pronounced antimicrobial activity. A heat 
labile siderophore of <5kDa molecular weight inhibited the growth of 
227 out of 363 (62.5% of the total) intestinal bacterial isolates from 
7 fish.36 Bacteriocin producer was also reported from the deep sea 
shark gut, where a Bacillus amyloliquefaciens BTSS3 was shown to 
produce thermostable, pH tolerant bacteriocin.37 A detailed view is 
given in Table 1a & 1b. 

Table 1a Some characterized marine bacteriocins and their sources

Bacteriocin Producer strain Molecular 
weight Killing breadth Source of 

isolation Reference

BLIS Lactobacillus pentosus 39 - Aeromonas hydrophila, Listeria monocytogenes Salmonllets 82

Carnocin U149 Carnobacterium sp. 4.5-5kDa
Lactobacillus, Lactococcus, Pediococcus, 
Carnobacterium Fish 10

Divergicin M35
Carnobacterium divergens 
M35 ~4.5kDa Carnobacterium, Listeria Frozen smoked 

mussel 12

Divercin V41 Carnobacterium divergens V41 4.5kDa Carnobacterium, Listeria, Enterococcus Fish viscera 11

Carnobacteriocin 
B2 Carnobacterium pisciocola A9b ~4.5kDa Listeria Cold smoked 

salmon 19

Piscicocin CS526
Carnobacterium pisciocola 
CS526 ~4.4kDa

Tetragenococcus, Leuconostoc, Listeria, 
Enterococcus, Pediococcus Frozen surimi 13,14

Piscicocin V1a Carnobacterium pisciocola V1 4.4kDa
Lactobacillus, Listeria, Enterococcus, Pediococcus, 
Carnobacterium Fish 15

BLIS
Enterococcus faecium CHG 
2-1 and Ch 1-2 - Enterococcus Venus clams 16

BLIS
Enterococcus faecium C-K, 
C-S, M 2-1, and PEF 2-2 - Listeria Anchovy, shark fillet, 

Swordfish fillet 16

Enterocin B like 
BLIS Enterococcus faecium ALP7 <6.5kDa

Listeria, Staphylococcus, Bacillus, Enterococcus, 
Lactobacillus, Lactococcus, Leukonostoc

Non-fermented 
shellfish 17

BLIS Lactobacillus lactis 94kDa
Bacillus, Staphylococcus, Enterococcus, E.coli, 
Pseudomonas, Shigella Sediment sample 18

Table 1b Some characterized marine bacteriocins and their sources

Bacteriocin Bacteria Molecular Wt Killing Breadth Source Reference

Bacteriocin BL8 Bacillus licheniformis <3kDa
Staphylococcus aureus, Bacillus 
sp. Sediment 29

BLIS Vibrio sp. <5kDa
Bacillus sp., Vibrio sp. 
Pseudomonas sp. Spot nape pony fish 33

BLIS Vibrio sp. Halibut larvae (Hippoglossus 
hippoglossus) 34

Bacteriocin Bacillus sp. NM12
Siderophore, 
<5kDa Fish pathogens Coastal fish 35

Bacteriocin Bacf3
Bacillus amyloliquefaciens 
BTSS3 ~ 3kDa

Bacillus sp., Staphylococcus 
aureus

Deep sea shark (Centroscyllium 
fabricii) 37

BLIS Proteus sp.CT1.1 - Vibrio Cobia 90

BLIS Proteus sp. G1 - Vibrio Ornate spiny lobster 90

BLIS Bacilllus cereus D9 - Vibrio Subnose pompano 90
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Fifteen isolates with confirmed consistent antimicrobial activity 
recovered from Irish seaweeds, as well as sand and seawater, were 
spore-forming Bacillus sp. While PCR screening was successful in 
identifying three of the marine bacteria as lichenicidin producers, the 
rest of the isolates did not harbor structural genes for any of the known 
Bacillus bacteriocins for which PCR primers could be designed. These 
negative PCR outcomes strongly suggest that these isolates produce 
novel bacteriocins.38 

Bacteriocin classification

The bacteriocin family includes diverse proteins in terms of size, 
modes of action, microbial targets and immunity mechanisms. In 
general, bacteriocins are studied based on the Gram designation of 
their producing species, Gram-negative Vs Gram-positive (Table 2). 
Additionally, a relatively small number of bacteriocins from Archaeal 
species have also been characterized. 

Table 2 Classification of Bacteriocins with examples

Bacteriocins Type/Class Size Example Reference

Gram 
negative 
bacteria

Colicins
Pore Formers 20-

80

Colicins A, B 46

Nucleases Colicins E2, E3 46

Colicin-like 20-
80

S-pyocins 45

Klebicins

Phage-tail like >80 Maltocin P28 49

Microcins

Post translationally modified

<10

Microcin C7 45

Microcin B17

Unmodified Colicin V 50

Class IIc - non-ribosomal siderophore-type post-translation 
modification microcin E492 51

Gram 
positive 
bacteria

Class I
Type A- Linear peptides, positively charged <5 Nisin 54

Type B- Rigid globular peptides, negatively or neutrally charged Subtilosin A 57

Class II

IIa - contain YGNGVxCxxxxCxV, Narrow spectrum of activity

<10

Pediocin, enterocin 60

IIb – require concerted activity of 2 peptides
Lactacin F, Lactococcin 
G 60

IIc – circular peptide bacteriocins Carnocyclin A 61

IId – linear, non-pediocin like, single peptide Epidermicin NIO1 62

Class III
IIIa – bacteriolysin >10 Enterolysin A 63

IIIb – non-lytic bacteriocin Helveticin A & J 64

Archea

Class IV Require lipid or carbohydrate moieties
Leuconocin S8, 
lactocin 27 65

Halocins
Microhalocins <10 Halocin A4, C8, G1 67

Protein Halocins >10 Halocin H1, H4 67

Sulfolobicin Membrane associated proteins ~20 Sulfolobicin 71

Bacteriocins of Gram-negative bacteria: Bacteriocins of Gram-
negative bacteria are categorized into four main classes: colicins, 
colicin-like bacteriocins, microcins, and phage-tail like bacteriocins.39 
Colicins are so well studied that they have been used as a model 
system to study bacteriocin structure, function and evolution.40–43 In 
general, colicins are thermo-sensitive, protease sensitive proteins that 
vary in size from 25 to 90kDa.44

There are two major colicin types based on their mode of killing; 
nuclease and pore former colicins. Nuclease colicins (Colicins E2, 
E3, E4, E5, E6, E7, E8, E9) kill by acting as DNases, RNases, or 
tRNAses and pore former colicins (colicins A, B, E1, Ia, Ib, K) kill 
sensitive strains by forming pores in the cell membrane. Proteinaceous 
bacteriocins produced by other Gram-negative species are classified 
as colicin-like due to the presence of similar structural and functional 

characteristics. They can be nucleases (pyocins S1, S2) and pore-
formers (pyocin S5) like colicins.45,46 S-pyocins of Pseudomonas 
aeruginosa, Klebicins of Klebsiella species, and alveicins of Hafnia 
alvei are among the most studied colicin-like bacteriocins. Phage-
tail like bacteriocins are larger structures that resemble the tails of 
bacteriophages which are even argued as defective phage particles.47 
R and F pyocins of P. aeruginosa are some examples of the most 
thoroughly studied phage-tail like bacteriocins.45,48,49

Pore-forming colicins range in size from 449 to 629 amino acids. 
Nuclease bacteriocins have an even broader size range, from 178 to 
777 amino acids. In colicins, the central domain comprises about 50% 
of the protein and is involved in the recognition of specific cell surface 
receptors. The N-terminal domain (»25% of the protein) is responsible 
for translocation of the protein into the target cell. The remainder of 
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the protein is a short sequence involved in immunity protein binding. 
The killing domain and the immunity region are present in this region. 
Although the pyocins share a similar domain structure, the order of 
the translocation and receptor recognition domains are exchanged.43

Finally, Gram-negative bacteria produce much smaller (<10kDa) 
peptide bacteriocins called microcins. They can be divided into three 
classes: post-translationally modified (microcins B17, C7, J25, and 
D93)50 and unmodified microcins (microcins E492, V, L, H47, and 
24). Class IIc bacteriocins are non-ribosomal siderophore-type post-
translation modification at the serine-rich carboxy-terminal region, 
such as microcin E49251 (Table 2). 

Bacteriocins of Gram-positive bacteria: Bacteriocins of gram-
positive bacteria are more abundant and even more diverse than those 
in Gram-negative bacteria,52 but differing in two fundamental ways. 

1.	 Bacteriocin production is not necessarily a lethal event as it is 
for Gram-negative bacteria. 

2.	 This vital difference is due to the transport mechanisms encoded 
by Gram-positive bacteria to release bacteriocin toxin. Some 
have evolved a bacteriocin-specific transport system, whereas 
others employ the sec-dependent export pathway. 

3.	 The Gram-positive bacteria have evolved bacteriocin-specific 
regulation, whereas bacteriocins of Gram-negative bacteria 
rely solely on host regulatory networks.

Classification of bacteriocins of gram-positive bacteria

Based on size, morphology, physical, and chemical properties, 
bacteriocins of Gram-positive bacteria are generally divided into four 
classes.53 

Class I bacteriocins: Are post-translationally modified small 
peptides (<5kDa) incorporating non-traditional amino acids such as 
dehydrobutyrine, dehydroalanine, lantionine and methyl-lanthione 
called lantibiotics.54 This class is subdivided into Type A and B with 
the distinction being that members of Type A are linear peptides 
(nisin)55  and positively charged, whereas those in Type B are rigid 
globular peptides (mersacidin), labyrinthopeptins, such as globular 
peptide labyrinthopeptin A2,56 and sactibiotics, such as globular 
peptide subtilosin A57 either negatively or neutrally charged. 

Class II bacteriocins: Are small 30-60 amino acids (<10kDa), 
heat-stable peptides that are not post-translationally modified and 
positively charged.58 Class II is also subdivided into four subgroups]. 
The class IIa Listeria-active or pediocin-like peptides containing a 
conserved N-terminal sequence (YGNGVxCxxxxCxV) or “pediocin 
box” with two cysteine residues forming disulphide bridge, are the 
most extensively studied group with a narrow spectrum of activity.59 
Lactacin F and lactococcin G are part of Class IIb bacteriocins that 
require the concerted activity of two peptides to be fully active.60 
Class IIc bacteriocins are circular peptide bacteriocins, such as 
carnocyclin A.61 Class IId bacteriocins are linear, non-pediocin-like, 
single-peptide bacteriocins, including epidermicin NI01.62 

Class III bacteriocins: Are generally large (>10kDa), heat-sensitive 
peptides, subdivided into two subtypes. Type IIIa are bacteriolysins, 
which are bacteriolytic enzymes such as Enterolisin, which kill 
sensitive strains by lysis of the cell well.63 Helveticin J (37kDa) 
produced by Lactobacillus helveticus belongs to Type IIIb, which are 
non-lytic bacteriocins.64 

Class IV bacteriocins: Require lipid or carbohydrate moieties for 
activity. They are also known as complex bacteriocins, with unique 

structural characteristics. The first and last amino acids of these 
bacteriocins are covalently bound, thus having cyclic structures. 
Examples include leuconocin S 8 and lactocin 27.65 Enterocin AS-48 
produced by Enterococcus faecalis subsp. Liquefaciens S-48 was the 
first characterized bacteriocin of this class.66 

Bacteriocins of archaea: The Archaea also produce unique 
bacteriocin-like antimicrobial compounds called archaeocins,67 but 
are much less scrutinized than the bacteriocins. So far, two major 
types of archaeocins have been identified: halocins of halobacteria 
and sulfolobicins of Sulfolobus genus. Halocins can be divided into 
two classes based on size: the smaller microhalocins (3.6kDa) and 
larger halocins of 35kDa.4 The first halocin discovered was S8, which 
is a short hydrophobic peptide of 36 amino acids, processed from 
larger 34kD pro-protein. Halocin production is a universal feature 
of halobacteria.3 Halocin genes are located on megaplasmids (or 
minichromosomes). Halocins H4 and S8 are located on ~300 kbp and 
~200kbp plasmids, respectively.68,69 Their activity is usually detected 
at the late exponential to early stationary growth phase. 

Sulfolobicins are not extensively studied, Prangishvili et al.,70 
screened sulfolobicin production from Sulfolobus islandicus isolated 
from volcanic vents throughout Iceland. This study predicted that 
sulfolobicin is a membrane associated protein. Sulfolobicins are 
also associated with membranous vesicles ranging in size from 90 
to 180nm in diameter. Like many bacteriocins, they are thermostable 
and sensitive to protease treatment. Their mode of action is still 
unknown.71 

Bacteriocin mode of action 

The great variety of their chemical structures allow bacteriocins 
to affect different essential functions of the living cell (transcription, 
translation, replication and cell wall biosynthesis), but most act by 
forming membrane channels or pores destroying the energy potential of 
sensitive cells. Research on the mode of action of bacteriocins largely 
focused upon two distinct aspects of bacteriocin action on susceptible 
bacteria: the kinetics of the physical interaction between bacteriocin 
and susceptible cells, and the detection of specific biochemical lesions 
within the affected organisms. In a widely accepted hypothesis of the 
mode of action of bacteriocins, it was suggested that the interaction 
of a bacteriocin with a sensitive cell occurs in two stages.72 The 
first stage, probably a reversible phase, corresponds to physical 
adsorption of bacteriocin to cell-envelope receptors. The removal of 
the bacteriocin during this stage apparently leaves the cell unscathed 
as there is no permanent physiological damage. The second stage 
develops later when irreversible pathological changes are effected via 
specific biochemical lesions after a measurable time. 

Although in many cases the adsorption of bacteriocins are highly 
specific for susceptible bacteria, some others like the staphylococcins 
414 and 1580, lactocin LP27 and streptococcin B-74628 lack 
this adsorption specificity. Each of these bacteriocins adsorbed to 
bacteria resistant to its killing action. This nonlethal binding may 
be a reflection of the high surface activity of some bacteriocins. 
Polypeptide antibiotics such as polymyxin B show this capability 
of adsorbing nonspecifically to bacteria. Even though adsorption of 
bacteriocins exists in most cases, non-adsorption to susceptible or 
to resistant bacteria was also demonstrated by bacteriocin 28 of C. 
perfringens,73 staphylococcin 462 and viridin B. 

The antibiotic activity of bacteriocins from Gram-positive bacteria 
is based on their interaction with the bacterial membrane. The 
mechanisms of action of peptide antibiotics are diverse, but the bacterial 
membrane is the target for most bacteriocins.74 Most of the class II 
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bacteriocins disturb the proton motive force (PMF) of the target cell 
by pore formation. The subclass IIc comprises miscellaneous peptides 
with various modes of action such as membrane permeablisation, 
specific inhibition of septum formation and pheromone activity.

Bacteriocin-induced cell damage

The physiological state of the indicator culture has a strong 
influence on susceptibility to the lethal action of bacteriocins. Actively 
multiplying cells were most sensitive to streptococcin A-FF22, 
staphyloccin 1580, bacteriocin 28 of C. perfringens, and bacteriocin 
E-1 and bacteriocin X-14 (hemolysin) of S. faecalis subsp. zymogenes. 
This indicates a requirement for active cellular metabolism to affect 
killing of cells. A time dependent morphological change to the 
sensitive strain was demonstrated by the action of pediocin from P. 
acidilactici on sensitive strain L. monocytogenes. Bacteriocin-treated 
L. monocytogenes V7 were almost completely destroyed after 6h. 
The major morphological changes were apparently due to changes 
in the cell wall, which started to relax, and ruptured after just 0.5h 
of treatment with bacteriocin (6,400AU/mL). After 1h and 3h of 
treatment, ruptures in the cell wall and plasma membrane were more 
evident with more cell contents escaping. After 6h of treatment, the 
cell wall was completely irregular and damaged.75 

Applications in sea food industry

Global production of fish, crustaceans, molluscs and other aquatic 
animals is ever increasing and reached 158million tonnes in 2012. 
Aquaculture production continued to show strong growth, with an 
average annual growth rate of 6.1percent from 36.8million tonnes in 
2002 to 66.6million tonnes in 2012 according to Food and Agriculture 
Organization of United Nations (FAO) 2014.76 Consumer demand 
for fish continues to climb, especially in affluent nations, which 
imported around 33million tonnes of fish in 2012. Moreover fish is 
an ingredient in pet food, health supplements, fishmeal and many 
non-food products manufactured on a global scale. Since pressure on 
seafood resources is set to increase further, fisheries that are poorly 
managed may quickly collapse. Spoilage and disease are the main 
challenges in seafood industry, both due to microorganisms. 

Food preservation

The application of Lactococcus lactis subsp. lactis KT2W2L, a 
nisin Z producer for biopreservation of cooked, peeled and ionized 
tropical shrimps during storage at 8˚C was studied.77 Karthik et 
al.,78 studied the efficacy of bacteriocin producing Lactobacillus sp. 
AMET1506, as a biopreservative for shrimp under different storage 
conditions. Nisin-coated plastic films suppressed the growth of other 
aerobic and anaerobic spoilage microorganisms in a concentration-
dependent manner.79 Diop et al.,80,81 reported that L. lactis subsp. lactis 
strain CWBIB1410, a nisin producer was used as a starter culture to 
improve the traditional Senegalese fish fermented guedj. They also 
suggest that this new fish fermentation strategy can enhance the safety 
of guedj. Anacarso et al.,82 studied the ability of Lactobacillus pentosus 
39, a BLIS producing strain to control the growth of Aeromonas 
hydrophila ATCC14715 and Listeria monocytogenes, under simulated 
cold chain break conditions. One area of active research in seafood 
aquaculture is the utilization of bacteriocins as antimicrobials.

Probiotics in aquaculture

Probiotics are defined as “live microorganisms, which when 
consumed in adequate amounts, confer a health benefit on the 
host”.83 The majority of probiotics in use today include species 

of lactic acid bacteria (LAB), including lactobacilli, as well 
as bifidobacteria, nonpathogenic  Escherichia coli, bacilli and 
yeasts such as Saccharomyces boulardii.84 Antibiotic over use in 
aquaculture disease control results in the emergence of bacterial 
resistance and transfers the bacterial resistance genes to unexposed 
strains by alterations in the existing genome or horizontal gene 
transfer through plasmids or bacteriophages. This highlights the 
need for alternatives for antibiotics in aquatic disease management. 
Probiotics use in aquaculture for elimination of antimicrobial drug is 
increasing. Bacteria such as Vibrio sp., Pseudomonas sp., Bacillus sp. 
and several Lactobacilli sp. have been used successfully as probiotics 
in mollusk, crustacean, and finfish aquaculture, with most identified 
from aquatic animals, culture environment or from the intestine of 
different aquatic species.85 Since probiotic research in aquaculture is 
still in its infancy and gaining acceptance in the industry, much research 
is needed to understand and resolve the controversies, such as real 
environmental demonstrations on successful usage of probiotics, their 
mode of action, and mechanism in vivo. The application of terrestrial 
bacteria in aquaculture has limited success because characteristics of 
bacteria depend upon their niche environment. Thus, identification 
of potential probiotics from marine environments where they grow 
optimally is a better approach.

Aeromonas media A199 controlled  Vibrio tubiashii  infection in 
Pacific oyster, Crassostrea gigas larvae by bacteriocin-like inhibitory 
substances, which antagonized several pathogenic bacteria in 
culture.86,87 Alteromonas macleodii 0444 was studied as a probiotic for 
controlling V. coralliilyticus and Vibrio pectenicida in flat oyster, Ostrea 
edulis, larvae88 and also against Vibrio splendidus infection in Green 
shell mussel Perna canaliculus larvae leading to increased survival.89 

Bacteriocinogenic bacteria were isolated from ornate spiny 
lobsters (Panulirus ornatus), black tiger shrimp (Penaeus monodon), 
cobia (Rachycentron canadum) and snubnose pompano (Trachinotous 
blochii). Two candidate probiotic formulations with bactericinogenic 
bacteria showed beneficial effects on aquaculture-raised juveniles of 
ornate spiny lobsters (Panulirus ornatus) challenged with V. owensii 
DY05.90 Thus in all aspects either the bacteriocin or the producer 
organism served as a food preservatives or immune enhancer in 
marine food industry. 

Conclusion
Seafood industry is a growing part of the economy, but its 

economic value is diminished by infections which reduce the growth 
and survival of commercial species or decrease quality. These 
impacts are most evident in the stressful and crowded conditions 
of aquaculture, which dominates seafood production. For instance, 
marine diseases of farmed oysters, shrimp, abalone, and various 
fishes, particularly Atlantic salmon, cost billions of dollars each year. 
Farmed species often receive infectious diseases from wild species 
and can return infectious agents to wild species. Disease control in 
marine aquaculture farms is the main concern in all the countries 
where seafood is a major source of income. The movement of exotic 
infectious agents to new areas continues to be the greatest concern.

Bacteriocins and bacteriocin producing bacteria isolated from 
marine environment can play a pivot role in those places where we 
want to reduce the use of chemical antibiotics. Though the spectrum 
of action is small for bacteriocins, the probiotic bacteria can serve 
as an alternative. Thus a better under understanding of bacteriocins, 
their classification and mechanism of action is worthwhile. The use of 
nisin and pediocin as food preservative is well studied and applied in 
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many countries. The requirement is still open and hence exploration 
of marine resources for bacteriocin is still in the lime light.

Acknowledgements
The authors acknowledge project grants from Centre for Marine 

Living Resources & Ecology- Ministry of Earth Sciences, Government 
of India (MOES/10-MLR/2/2007 and MOES/10-MLR-TD/03/2013) 
given to Dr. Sarita G Bhat, Dept. of Biotechnology, Cochin University 
of Science and Technology, Kochi, India.

Conflict of interest
The author declares no conflict of interest.

References
1.	 Riley MA, Gordon DM. A survey of col plasmids in natural isolates of 

Escherichia coli and an investigation into the stability of col–plasmid 
lineages. J Microbiol. 1992;138(7):1345–1352.

2.	 Riley MA, Drider D, Rebuffat S. Bacteriocin–mediated competitive 
interactions of bacterial populations and communities. IN: Prokaryotic 
Antimicrobial Peptides– From Genes to Applications. USA: Springer; 
2011. p.13–26.

3.	 Torreblanca M, Meseguer I, Ventosa A. Production of Halocin is a 
practically universal feature of archaeal halophilic rods. Lett Appl 
Microbiol. 1994;19(4):201–205.

4.	 O’Connor E, Shand R. Halocins and sulfolobicins: the emerging story 
of archaeal protein and peptide antibiotics. J Ind Microbiol Biotechnol. 
2002;28(1):23–31.

5.	 Gratia A. Sur un remarquable exemple d’antagonisme entre deux souches 
de colibacille. C R Soc Biol. 1925;93:1040–1041.

6.	 Jacob F, Lwoff A, Simonovitch A, et al. Definition de quelques termes 
relatifs a la lysogenie. Ann Inst Pasteur. 1953;84(1):222–224.

7.	 Glöckner FO. Marine microbial diversity and its role in ecosystem 
functioning and environmental change. Marine Board – European 
Science Foundation Position Paper 17, 2012.

8.	 Desriac F, Defer D, Bourgougnon N, et al. Bacteriocin as weapons in 
the marine animal–associated bacteria warfare: Inventory and potential 
applications as an aquaculture probiotic. Mar Drugs. 2010;8(4):1153–
1177.

9.	 Miller M, Bassler B. Quorum sensing in bacteria. Annu Rev Microbiol. 
2001;55:165–199.

10.	 Stoffels G, Nes IF, Guthmundsdottir A. Isolation and properties of a 
bacteriocin–producing Carnobacterium piscicola isolated from fish. J 
Appl Bacteriol. 1992;73(4):309–316.

11.	 Metivier A, Pilet MF, Dousset X, et al. Divercin V41, a new bacteriocin 
with two disulphide bonds produced by Carnobacterium divergens 
V41: primary structure and genomic organization. Microbiol. 
1998;144(10):2837–2844.

12.	 Tahiri I, Desbiens M, Benech R, et al. Purification, characterization and 
amino acid sequencing of divergicin M35:a novel class IIa bacteriocin 
produced by Carnobacterium divergens M35. Intern J Food Microbiol. 
2004;97(2):123–136.

13.	 Yamazaki K, Suzuki M, Kawai Y, et al. Purification and characterization 
of a novel class IIa bacteriocin, piscicocin CS526, from surimi 
associated Carnobacterium piscicola CS526. Appl Envir Microbiol. 
2005;71(1):554–557.

14.	 Suzuki M, Yamamoto T, Kawai Y, et al. Mode of action of piscicocin 
CS526 produced by Carnobacterium piscicola CS526. J Appl Microbiol. 
2005;98(5):1146–1151.

15.	 Bhugaloo Vial P, Dousset X, Metivier A, et al. Purification and amino 
acid sequences of piscicocins V1a and V1b, two class IIa bacteriocins 
secreted by Carnobacterium piscicola V1 that display significantly 
different levels of specific inhibitory activity. Appl Environ Microbiol. 
1996;62(12):4410–4416.

16.	 Valenzuela AS, Benomar N, Abriouel H, et al. Isolation and identification 
of Enterococcus faecium from seafoods: antimicrobial resistance 
and production of bacteriocin–like substances. Food Microbial. 
2010;27(7):955–961.

17.	 Pinto AL, Fernandes M, Pinto C, et al. Characterization of anti–Listeria 
bacteriocins isolated from shellfish:potential antimicrobials to control 
non–fermented seafood. Inter J Food Microbiol. 2009;129(1):50–58.

18.	 Rajaram G, Manivasagan P, Thilagavathi B, et al. Purification and 
characterization of a bacteriocin produced by Lactobacillus lactis isolated 
from marine environment. Adv J Food Sci Technol. 2010;2(2):138–144.

19.	 Nilsson L, Huss HH, Gram L. Inhibition of Listeria monocytogenes on 
cold smoked salmon by nisin and carbon dioxide atmosphere. Inter J 
Food Microbiol. 1997;38(2–3):217–227.

20.	 Duffes F, Corre C, Leroi F, et al. Inhibition of Listeria monocytogenes 
by in situ produced and semi purified bacteriocins of Carnobacterium 
spp. on vacuum–packed, refrigerated cold–smoked salmon. J Food 
Protection. 1999;62(12):1394–1403.

21.	 Tagg JR, Dajani AS, Wannamaker LW. Bacteriocins of gram–positive 
bacteria. Bact Rev. 1976;40:722–756.

22.	 Austin B. Marine Microbiology. Melbourne: Cambridge Univ Press; 
1988.

23.	 Galvez A, Lopez RL, Abriouel H, et al. Application of bacteriocins in 
the control of food borne pathogenic and spoilage bacteria. Crit Rev 
Biotechnol. 2008;28(2):125–152.

24.	 García P, Rodríguez L, Rodríguez A, et al. Food biopreservation: 
promising strategies using bacteriocins, bacteriophages and endolysins. 
Trends Food Sci Technol. 2010;21(8):373–382.

25.	 Pilet MF, Leroi F. Applications of protective cultures, bacteriocins, and 
bacteriophages in fresh seafood and seafood products, In: Lacroix C, 
editor. Protective cultures antimicrobial metabolites and bacteriophages 
for food and beverage biopreservation. Switzerland: ETH Zurich; 2011. 
p. 1– 21.

26.	 McCall JO, Sizemore RK. Description of a bacteriocinogenic plasmid in 
Benecka harveyi. Appl Envl Microbiol. 1979;38(5):974–979.

27.	 Wilson GS, Raftos DA, Corrigan S L, et al. Diversity and antimicrobial 
activities of surface–attached marine bacteria from Sydney Harbour, 
Australia. Microbiol Res. 2010;165(4):300–311.

28.	 De la Rosa Garcia SC, Munoz Garcia AA, Barahona Perez LF, et al. 
Antimicrobial properties of moderately halotolerant bacteria from 
cenotes of the Yucatan peninsula. Lett Appl Microbiol. 2007;45(3):289–
294.

29.	 Smitha S, Bhat SG. Thermostable bacteriocin BL8 from Bacillus 
licheniformis isolated from marine sediment. J Appl Microbiol. 
2012;114(3):688–694.

30.	 Karthikeyan P, Bhat SG, Chandrasekaran M. Halocin SH10 production 
by an extreme haloarchaeon Natrinema sp. BTSH10 isolated from salt 
pans of South India. Saudi J Biol Sci. 2013;20(2):205–212.

31.	 Ringø E, Bendiksen HR, Wesmajervi MS, et al. Lactic acid bacteria 
associated with the digestive tract of Atlantic salmon (Salmo salar L.). J 
Appl Microbiol. 2000;89(2):317–322.

32.	 Makridis P, Martins S, Tsalavouta M, et al. Antimicrobial activity in 
bacteria isolated from Senegalese sole, Solea senegalensis, fed with 
natural prey. Aquacult Res. 2005;36(16):1619–1627.

https://doi.org/10.15406/jbmoa.2016.02.00040
https://www.ncbi.nlm.nih.gov/pubmed/1512564
https://www.ncbi.nlm.nih.gov/pubmed/1512564
https://www.ncbi.nlm.nih.gov/pubmed/1512564
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.1994.tb00943.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.1994.tb00943.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.1994.tb00943.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/11938468
https://www.ncbi.nlm.nih.gov/pubmed/11938468
https://www.ncbi.nlm.nih.gov/pubmed/11938468
http://www.jourlib.org/references/8982411
http://www.jourlib.org/references/8982411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Definition+de+quelques+termes+relatifs+a+la+lysogenie+by+Jacob+F
https://www.ncbi.nlm.nih.gov/pubmed/?term=Definition+de+quelques+termes+relatifs+a+la+lysogenie+by+Jacob+F
http://www.esf.org/fileadmin/Public_documents/Publications/MarineBoard_PP17_microcean.pdf
http://www.esf.org/fileadmin/Public_documents/Publications/MarineBoard_PP17_microcean.pdf
http://www.esf.org/fileadmin/Public_documents/Publications/MarineBoard_PP17_microcean.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20479972
https://www.ncbi.nlm.nih.gov/pubmed/20479972
https://www.ncbi.nlm.nih.gov/pubmed/20479972
https://www.ncbi.nlm.nih.gov/pubmed/20479972
https://www.ncbi.nlm.nih.gov/pubmed/11544353
https://www.ncbi.nlm.nih.gov/pubmed/11544353
https://www.ncbi.nlm.nih.gov/pubmed/1429307
https://www.ncbi.nlm.nih.gov/pubmed/1429307
https://www.ncbi.nlm.nih.gov/pubmed/1429307
https://www.ncbi.nlm.nih.gov/pubmed/9802025
https://www.ncbi.nlm.nih.gov/pubmed/9802025
https://www.ncbi.nlm.nih.gov/pubmed/9802025
https://www.ncbi.nlm.nih.gov/pubmed/9802025
https://www.ncbi.nlm.nih.gov/pubmed/15541799
https://www.ncbi.nlm.nih.gov/pubmed/15541799
https://www.ncbi.nlm.nih.gov/pubmed/15541799
https://www.ncbi.nlm.nih.gov/pubmed/15541799
https://www.ncbi.nlm.nih.gov/pubmed/15640235/
https://www.ncbi.nlm.nih.gov/pubmed/15640235/
https://www.ncbi.nlm.nih.gov/pubmed/15640235/
https://www.ncbi.nlm.nih.gov/pubmed/15640235/
https://www.ncbi.nlm.nih.gov/pubmed/15836484
https://www.ncbi.nlm.nih.gov/pubmed/15836484
https://www.ncbi.nlm.nih.gov/pubmed/15836484
https://www.ncbi.nlm.nih.gov/pubmed/8953713/
https://www.ncbi.nlm.nih.gov/pubmed/8953713/
https://www.ncbi.nlm.nih.gov/pubmed/8953713/
https://www.ncbi.nlm.nih.gov/pubmed/8953713/
https://www.ncbi.nlm.nih.gov/pubmed/8953713/
https://www.ncbi.nlm.nih.gov/pubmed/20688238
https://www.ncbi.nlm.nih.gov/pubmed/20688238
https://www.ncbi.nlm.nih.gov/pubmed/20688238
https://www.ncbi.nlm.nih.gov/pubmed/20688238
https://www.ncbi.nlm.nih.gov/pubmed/19081155
https://www.ncbi.nlm.nih.gov/pubmed/19081155
https://www.ncbi.nlm.nih.gov/pubmed/19081155
http://maxwellsci.com/print/ajfst/v2-138-144.pdf
http://maxwellsci.com/print/ajfst/v2-138-144.pdf
http://maxwellsci.com/print/ajfst/v2-138-144.pdf
https://www.ncbi.nlm.nih.gov/pubmed/9506287
https://www.ncbi.nlm.nih.gov/pubmed/9506287
https://www.ncbi.nlm.nih.gov/pubmed/9506287
https://www.ncbi.nlm.nih.gov/pubmed/10606143
https://www.ncbi.nlm.nih.gov/pubmed/10606143
https://www.ncbi.nlm.nih.gov/pubmed/10606143
https://www.ncbi.nlm.nih.gov/pubmed/10606143
https://www.ncbi.nlm.nih.gov/pubmed/7603408/
https://www.ncbi.nlm.nih.gov/pubmed/7603408/
https://www.ncbi.nlm.nih.gov/pubmed/18568851
https://www.ncbi.nlm.nih.gov/pubmed/18568851
https://www.ncbi.nlm.nih.gov/pubmed/18568851
http://www.sciencedirect.com/science/article/pii/S0924224410001275
http://www.sciencedirect.com/science/article/pii/S0924224410001275
http://www.sciencedirect.com/science/article/pii/S0924224410001275
http://archimer.ifremer.fr/doc/00030/14138/11384.pdf
http://archimer.ifremer.fr/doc/00030/14138/11384.pdf
http://archimer.ifremer.fr/doc/00030/14138/11384.pdf
http://archimer.ifremer.fr/doc/00030/14138/11384.pdf
http://archimer.ifremer.fr/doc/00030/14138/11384.pdf
https://www.ncbi.nlm.nih.gov/pubmed/317423
https://www.ncbi.nlm.nih.gov/pubmed/317423
https://www.ncbi.nlm.nih.gov/pubmed/19656668
https://www.ncbi.nlm.nih.gov/pubmed/19656668
https://www.ncbi.nlm.nih.gov/pubmed/19656668
https://www.ncbi.nlm.nih.gov/pubmed/17718841
https://www.ncbi.nlm.nih.gov/pubmed/17718841
https://www.ncbi.nlm.nih.gov/pubmed/17718841
https://www.ncbi.nlm.nih.gov/pubmed/17718841
https://www.ncbi.nlm.nih.gov/pubmed/23216587
https://www.ncbi.nlm.nih.gov/pubmed/23216587
https://www.ncbi.nlm.nih.gov/pubmed/23216587
https://www.ncbi.nlm.nih.gov/pubmed/23961237
https://www.ncbi.nlm.nih.gov/pubmed/23961237
https://www.ncbi.nlm.nih.gov/pubmed/23961237
https://www.ncbi.nlm.nih.gov/pubmed/10971765
https://www.ncbi.nlm.nih.gov/pubmed/10971765
https://www.ncbi.nlm.nih.gov/pubmed/10971765
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2109.2005.01388.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2109.2005.01388.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2109.2005.01388.x/abstract


Marine bacteriocins: a review 146
Copyright:

©2016 Bindiya et al.

Citation: Bindiya ES, Bhat SG. Marine bacteriocins: a review. J Bacteriol Mycol Open Access. 2016;2(5):140‒147. DOI: 10.15406/aowmc.2016.02.00040

33.	 Sugita H, Matsuo N, Hirose Y, et al. Vibrio sp. Strain NM 10, isolated from 
the intestine of a Japanese coastal fish, has an inhibitory effect against 
Pasteurella piscicida. Appl Environ Microbiol. 1997;63(12):4986–4989.

34.	 Bergh Ø. Bacteria associated with early–life stages of halibut, 
Hippoglossus hippoglossus l, inhibit growth of a pathogenic Vibrio sp. J 
Fish Dis. 1995;18(1):31–40.

35.	 Sugita H, Hirose Y, Matsuo N, et al. Production of the antibacterial 
substance by Bacillus sp. strain NM 12, an intestinal bacterium of 
Japanese coastal fish. Aquaculture. 1998;165(3–4):269–280.

36.	 Austin B. The Bacterial Microflora of Fish, Revised. The Scientific World 
Journal. 2006;6:931–945.

37.	 Bindiya ES, Tina KJ, Raghul SS, et al. Characterization of Deep Sea Fish 
Gut Bacteria with Antagonistic Potential from Centroscyllium fabricii 
(Deep Sea Shark). Probiotics Antimicrob Prot. 2015;7(2):157–163.

38.	 Prieto ML, O Sullivan L, Tan SP, et al. Assessment of the bacteriocinogenic 
potential of marine bacteria reveals lichenicidin production by seaweed–
derived Bacillus sp. Mar Drugs. 2012;10(10):2280–2299.

39.	 Chavan MA, Riley MA. Molecular evolution of bacteriocins in Gram–
negative bacteria. In: Riley MA, Chavan MA, editors. Bacteriocins: 
Ecology and Evolution. USA: Springer; 2007. p. 5–18.

40.	 Cascales E, Buchanan SK, Duche D, et al. Colicin biology. Microbiol 
Mol Biol Rev. 2007;71(1):158–229.

41.	 Riley MA, Gordon DM. The ecological role of bacteriocins in bacterial 
competition. Trends Microbiol. 1999;7(3):129–133.

42.	 Riley MA, Wertz JE. Bacteriocin diversity: ecological and evolutionary 
perspectives. Biochimie. 2002;84(5–6):357–364.

43.	 Riley MA, Wertz JE. Bacteriocins: evolution, ecology, and application. 
Ann Rev Microbiol. 2002;56:117–137.

44.	 Pugsley AP, Oudega B. Methods for studying colicins and their plasmids. 
In: Hardy KG, editor. Plasmids, a Practical Approach. IRL: Oxford; 
1987. p. 105–61. 

45.	 Michel Briand Y, Baysse C. The pyocins of Pseudomonas aeruginosa. 
Biochimie. 2002;84(5–6):499–510.

46.	 Cascales E, Buchanan SK, Duche D, et al. Colicin biology. Microbiol 
Mol Biol Rev. 2007;71(1):158–229.

47.	 Bradley DE. Ultrastructure of bacteriophage and bacteriocins. Bacteriol 
Rev. 1967;31(4):230–314.

48.	 Nakayama K, Takashima K, Ishihara H, et al. The R–type pyocin of 
Pseudomonas aeruginosa is related to P2 phage, and the F–type is related 
to lambda phage. Mol Microbiol. 2000;38(2):213–231.

49.	 Liu J, Chen P, Zheng C, et al. Characterization of maltocin P28, a novel 
phage tail–like bacteriocin from  Stenotrophomonas maltophilia. Appl 
Environ Microbiol. 2013;79(18):5593–5600.

50.	 Gillor O, Kirkup BC, Riley MA. Colicins & microcins: the next 
generation antimicrobials. Adv Appl Microbiol. 2004;54:129–146.

51.	 de Lorenzo V, Pugsley A P. Microcin E492, a low–molecular–weight 
peptide antibiotic which causes depolarization of the Escherichia coli 
cytoplasmic membrane. Antimicrob Agents Chemother. 1985;27(4):666–
669.

52.	 Jack RW, Tagg JR, Ray B. Bacteriocins of gram–positive bacteria. 
Microbiol Rev. 1995;59(2):171–200.

53.	 Lee H, Kim HY. Lantibiotics, class I bacteriocins from the genus 
Bacillus. J Microbiol Biotechnol. 2011;21(3):229–235.

54.	 Cleveland J, Mantiville TJ, Ness IF, et al. Bacteriocins: safe antimicrobials 
for food preservation. Int J Food Microbiol. 2001;71(1):1–20.

55.	 Flaherty RA, Freed SD, Lee SW. The wide world of ribosomally encoded 
bacterial peptides. PLoS Pathogens. 2014;10(7):1–4.

56.	 Meindl K, Schmiederer T, Schneider K, et al. Labyrinthopeptins: 
a new class of carbacyclic lantibiotics. Angew Chem Int Ed Engl. 
2010;49(6):1151–1154.

57.	 Kawulka KE, Sprules T, Diaper CM, et al. Structure of subtilosin A, a 
cyclic antimicrobial peptide from Bacillus subtilis with unusual sulfur to 
alpha–carbon cross–links: formation and reduction of alpha–thio–alpha–
amino acid derivatives. Biochemistry. 2004;43(12):3385–3395.

58.	 Heng NCK, Wescombe PA, Burton JP, et al. The Diversity of 
Bacteriocins in Gram–Positive Bacteria, In: Riley MA, Chavan MA, 
editors. Bacteriocins: Ecology and Evolution. Germany: Springer; 2007. 
p. 45–92.

59.	 Balciunas EM, Martinez FAC, Todorov SD, et al. Novel biotechnological 
applications of bacteriocins: A review. Food Control. 2013;32:134–142.

60.	 Nissen Meyer J, Holo H, Havarstein LS, et al. A novel lactococcal 
bacteriocin whose activity depends on the complementary action of two 
peptides. J Bacteriology. 1992;174(17):5686–5692.

61.	 Gong X, Martin Visscher LA, Nahirney D, et al. The circular bacteriocin, 
carnocyclin A, forms anion–selective channels in lipid bilayers. Biochim 
Biophys Acta. 2009;1788(9):1797–1803.

62.	 Sandiford S, Upton M. Identification, characterization, and recombinant 
expression of epidermicin NI01, a novel unmodified bacteriocin produced 
by Staphylococcus epidermidis that displays potent activity against 
Staphylococci. Antimicrob Agents Chemother. 2012;56(3):1539–1547.

63.	 Nilsen T, Nes IF, Holo H. Enterolysin A, a cell wall–degrading 
bacteriocin from Enterococcus faecalis LMG 2333. Appl Environ 
Microbiol. 2003;69(5):2975–2984.

64.	 Joerger MC, Klaenhammer TR. Characterization and purification of 
helveticin J and evidence for a chromosomally determined bacteriocin 
produced by Lactobacillus helveticus 481. J Bacteriol. 1986;167(2):439–
446.

65.	 Carolissen Mackay V, Arendse G, Hastings JW. Purification of 
bacteriocins of lactic acid bacteria: problems and pointers. Int J Food 
Microbiol. 1997;34(1):l–16.

66.	 Maqueda M, Galvez A, Bueno MM, et al. Peptide AS–48: prototype 
of a new class of cyclic bacteriocins. Curr Protein Peptide Sci. 
2004;5(5):399–416.

67.	 Shand RF, Leyva KJ. Peptide and Protein Antibiotics from the Domain 
Archaea: Halocins and Sulfolobicins. In: Riley MA, Chavan MA, 
editors. Bacteriocins: Ecology and Evolution. Germany: Springer; 2007. 
p. 93–109.

68.	 Cheung J, Danna KJ, O’Connor EM, et al. Isolation, sequence, and 
expression of the gene encoding halocin H4, a bacteriocin from 
the halophilic archaeon Haloferax mediterranei R4. J bacterial. 
1997;179(2):548–551.

69.	 Price LB, Shand RF. Halocin S8: a 36–amino–acid microhalocin from 
the haloarchaeal strain S8a. J bacteriol. 2000;182(17):4951–4958.

70.	 Prangishvili D, Holz I, Stieger E, et al. Sulfolobicins, specific 
proteinaceous toxins produced by strains of the extremely thermophilic 
archaeal genus Sulfolobus. J Bacteriol. 2000;182(10):2985–2988.

71.	 Ellen AF, Rohulya OV, Fusetti F, et al. The sulfolobicin genes of 
Sulfolobus acidocaldarius encode novel antimicrobial proteins. J 
Bacteriol. 2011;193(17):4380–4387.

72.	 Reeves P. The Bacteriocins. Molecular biology, biochemistry, and 
biophysics, 11. USA: Springer–Verlag; 1972. 114 p.

73.	 Mahony DE, Butler ME. Bacteriocins of Clostridium perfringens 
Isolation and preliminary studies. Can J Microbiol. 1971;17(1):1–6.

74.	 Bizani D, Motta AS, Morrissy JA, et al. Antibacterial activity of 
cerein 8A, a bacteriocin–like peptide produced by Bacillus cereus. Int 
Microbiol. 2005;8(2):125–131.

https://doi.org/10.15406/jbmoa.2016.02.00040
https://www.ncbi.nlm.nih.gov/pubmed/9406423/
https://www.ncbi.nlm.nih.gov/pubmed/9406423/
https://www.ncbi.nlm.nih.gov/pubmed/9406423/
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2761.1995.tb01263.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2761.1995.tb01263.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2761.1995.tb01263.x/abstract
http://www.sciencedirect.com/science/article/pii/S0044848698002671
http://www.sciencedirect.com/science/article/pii/S0044848698002671
http://www.sciencedirect.com/science/article/pii/S0044848698002671
https://www.ncbi.nlm.nih.gov/pubmed/16906326
https://www.ncbi.nlm.nih.gov/pubmed/16906326
https://www.ncbi.nlm.nih.gov/pubmed/25740801
https://www.ncbi.nlm.nih.gov/pubmed/25740801
https://www.ncbi.nlm.nih.gov/pubmed/25740801
https://www.ncbi.nlm.nih.gov/pubmed/23170084
https://www.ncbi.nlm.nih.gov/pubmed/23170084
https://www.ncbi.nlm.nih.gov/pubmed/23170084
http://www.springer.com/us/book/9783540366034
http://www.springer.com/us/book/9783540366034
http://www.springer.com/us/book/9783540366034
https://www.ncbi.nlm.nih.gov/pubmed/17347522
https://www.ncbi.nlm.nih.gov/pubmed/17347522
https://www.ncbi.nlm.nih.gov/pubmed/10203843
https://www.ncbi.nlm.nih.gov/pubmed/10203843
https://www.ncbi.nlm.nih.gov/pubmed/12423779
https://www.ncbi.nlm.nih.gov/pubmed/12423779
https://www.ncbi.nlm.nih.gov/pubmed/12142491
https://www.ncbi.nlm.nih.gov/pubmed/12142491
https://www.ncbi.nlm.nih.gov/pubmed/12423794
https://www.ncbi.nlm.nih.gov/pubmed/12423794
https://www.ncbi.nlm.nih.gov/pubmed/17347522
https://www.ncbi.nlm.nih.gov/pubmed/17347522
https://www.ncbi.nlm.nih.gov/pubmed/4865539/
https://www.ncbi.nlm.nih.gov/pubmed/4865539/
https://www.ncbi.nlm.nih.gov/pubmed/11069649
https://www.ncbi.nlm.nih.gov/pubmed/11069649
https://www.ncbi.nlm.nih.gov/pubmed/11069649
https://www.ncbi.nlm.nih.gov/pubmed/23835182/
https://www.ncbi.nlm.nih.gov/pubmed/23835182/
https://www.ncbi.nlm.nih.gov/pubmed/23835182/
https://www.ncbi.nlm.nih.gov/pubmed/15251279
https://www.ncbi.nlm.nih.gov/pubmed/15251279
https://www.ncbi.nlm.nih.gov/pubmed/2408563
https://www.ncbi.nlm.nih.gov/pubmed/2408563
https://www.ncbi.nlm.nih.gov/pubmed/2408563
https://www.ncbi.nlm.nih.gov/pubmed/2408563
https://www.ncbi.nlm.nih.gov/pubmed/7603408/
https://www.ncbi.nlm.nih.gov/pubmed/7603408/
https://www.ncbi.nlm.nih.gov/pubmed/21464591
https://www.ncbi.nlm.nih.gov/pubmed/21464591
https://www.ncbi.nlm.nih.gov/pubmed/11764886
https://www.ncbi.nlm.nih.gov/pubmed/11764886
https://www.ncbi.nlm.nih.gov/pubmed/25079075
https://www.ncbi.nlm.nih.gov/pubmed/25079075
https://www.ncbi.nlm.nih.gov/pubmed/20082397
https://www.ncbi.nlm.nih.gov/pubmed/20082397
https://www.ncbi.nlm.nih.gov/pubmed/20082397
https://www.ncbi.nlm.nih.gov/pubmed/15035610
https://www.ncbi.nlm.nih.gov/pubmed/15035610
https://www.ncbi.nlm.nih.gov/pubmed/15035610
https://www.ncbi.nlm.nih.gov/pubmed/15035610
https://www.ncbi.nlm.nih.gov/pubmed/1512201/
https://www.ncbi.nlm.nih.gov/pubmed/1512201/
https://www.ncbi.nlm.nih.gov/pubmed/1512201/
https://www.ncbi.nlm.nih.gov/pubmed/19463781
https://www.ncbi.nlm.nih.gov/pubmed/19463781
https://www.ncbi.nlm.nih.gov/pubmed/19463781
https://www.ncbi.nlm.nih.gov/pubmed/22155816
https://www.ncbi.nlm.nih.gov/pubmed/22155816
https://www.ncbi.nlm.nih.gov/pubmed/22155816
https://www.ncbi.nlm.nih.gov/pubmed/22155816
https://www.ncbi.nlm.nih.gov/pubmed/12732574
https://www.ncbi.nlm.nih.gov/pubmed/12732574
https://www.ncbi.nlm.nih.gov/pubmed/12732574
https://www.ncbi.nlm.nih.gov/pubmed/3525512
https://www.ncbi.nlm.nih.gov/pubmed/3525512
https://www.ncbi.nlm.nih.gov/pubmed/3525512
https://www.ncbi.nlm.nih.gov/pubmed/3525512
https://www.ncbi.nlm.nih.gov/pubmed/9029252
https://www.ncbi.nlm.nih.gov/pubmed/9029252
https://www.ncbi.nlm.nih.gov/pubmed/9029252
https://www.ncbi.nlm.nih.gov/pubmed/15544535
https://www.ncbi.nlm.nih.gov/pubmed/15544535
https://www.ncbi.nlm.nih.gov/pubmed/15544535
https://www.ncbi.nlm.nih.gov/pubmed/8990311/
https://www.ncbi.nlm.nih.gov/pubmed/8990311/
https://www.ncbi.nlm.nih.gov/pubmed/8990311/
https://www.ncbi.nlm.nih.gov/pubmed/8990311/
https://www.ncbi.nlm.nih.gov/pubmed/10940040
https://www.ncbi.nlm.nih.gov/pubmed/10940040
https://www.ncbi.nlm.nih.gov/pubmed/10781574
https://www.ncbi.nlm.nih.gov/pubmed/10781574
https://www.ncbi.nlm.nih.gov/pubmed/10781574
https://www.ncbi.nlm.nih.gov/pubmed/21725003
https://www.ncbi.nlm.nih.gov/pubmed/21725003
https://www.ncbi.nlm.nih.gov/pubmed/21725003
http://www.springer.com/us/book/9783642462917
http://www.springer.com/us/book/9783642462917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacteriocins+of+Clostridium+perfringens+Isolation+and+preliminary+studies+by+Mahony+DE
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacteriocins+of+Clostridium+perfringens+Isolation+and+preliminary+studies+by+Mahony+DE
https://www.ncbi.nlm.nih.gov/pubmed/16052461
https://www.ncbi.nlm.nih.gov/pubmed/16052461
https://www.ncbi.nlm.nih.gov/pubmed/16052461


Marine bacteriocins: a review 147
Copyright:

©2016 Bindiya et al.

Citation: Bindiya ES, Bhat SG. Marine bacteriocins: a review. J Bacteriol Mycol Open Access. 2016;2(5):140‒147. DOI: 10.15406/aowmc.2016.02.00040

75.	 Heo S, Lee SK, Lee CH, et al. Morphological changes induced in 
Listeria monocytogenes V7 by a bacteriocin produced by Pediococcus 
acidilactici. J Microbiol Biotechnol. 2007;17(4):663–667.

76.	 FAO. The State of World Fisheries and Aquaculture Opportunities and 
challenges. Italy: Food And Agriculture Organization Of The United 
Nations; 2014.

77.	 Hwanhlem N, Jaffrès E, Dousset X, et al. Application of a nisin Z–
producing Lactococcus lactis subsp. lactis KT2W2L isolated from 
brackish water for biopreservation in cooked, peeled and ionized tropical 
shrimps during storage at 8°C under modified atmosphere packaging. 
European Food Research and Technology. 2013;240(6):1259–1269.

78.	 Karthik R, Gobalakrishnan S, Hussain AJ, et al. Efficacy of Bacteriocin 
from Lactobacillus Sp. (AMET 1506) as a Biopreservative for Seafood’s 
Under Different Storage Temperature Conditions. J Mod Biotechnol. 
2013;2(3):59–65.

79.	 Neetoo H, Ye M, Chen H, et al. Use of nisin coated plastic films to control 
Listeria monocytogenes on vacuum–packaged cold smoked salmon. Int J 
Food Microbiol. 2008;122(1–2):8–15.

80.	 Diop MB, Dubois Dauphin R, Destain J, et al. Use of a Nisin–producing 
Starter Culture of Lactococcus lactis subsp. lactis to improve traditional 
fish fermentation in Senegal. J Food Prot. 2009;72(9):1930–1934.

81.	 Diop MB, Alvarez VB, Guiro AT, et al. Efficiency of neutralized 
antibacterial culture supernatant from bacteriocinogenic lactic acid 
bacteria supplemented with salt in control of microorganisms present in 
senegalese artisanally handled fish by immersion preservative technology 
during guedj seafood processing at 10˚C and 30°C. J Food Microbiol, 
Safety Hyg. 2016;1:1.

82.	 Anacarso I, Messi P, Condò C, et al. A bacteriocin–like substance 
produced from Lactobacillus pentosus 39 is a natural antagonist for the 
control of Aeromonas hydrophila and Listeria monocytogenes in fresh 
salmonllets. LWT – Food Science and Tech. 2014;55:604–611.

83.	 Pineiro M, Stanton C. Probiotic bacteria: legislative framework–– 
requirements to evidence basis. J Nutr. 2007;137(3):850S–853S.

84.	 DobsonaA, Paul D, Cottera R, et al. Bacteriocin Production: a Probiotic 
Trait? Appl Environ Microbiol. 2012;78(1):1–6.

85.	 Nikapitiya C. Marine Bacteria as Probiotics and Their Applications in 
Aquaculture, in Marine Microbiology. In: Kim SK, editor. Bioactive 
Compounds and Biotechnological Applications. Germany: Wiley–VCH, 
Verlag GmbH & Co; 2013. 

86.	 Gibson LF. Bacteriocin activity and probiotic activity of Aeromonas 
media. J Appl Microbiol. 1999;85(Suppl 1):S243–S248.

87.	 Gibson LF, Woodworth J, George AM. Probiotic activity of Aeromonas 
media on the Pacific oyster, Crassostrea gigas, when challenged with 
Vibrio tubiashii. Aquaculture. 1998;169(1–2):111–120.

88.	 Kesarcodi Watson A, Miner P, Nicolas JL, et al. Protective effect of four 
potential probiotics against pathogen–challenge of the larvae of three 
bivalves:Pacific oyster (Crassostrea gigas), flat oyster (Ostrea edulis) 
and scallop (Pecten maximus). Aquaculture. 2012;344–349:29–34.

89.	 Kesarcodi Watson A, Kaspar H, Lategan MJ, et al. Alteromonas 
macleodii 0444 and Neptunomonas sp. 0536, two novel probiotics for 
hatchery–reared Greenshell (TM) mussel larvae, Perna canaliculus. 
Aquaculture. 2010;309:49–55.

90.	 Nguyen VD, Pham TT, Nguyen TH, et al. Screening of marine bacteria 
with bacteriocin–like activities and probiotic potential for ornate 
spiny lobster (Panulirus ornatus) juveniles. Fish Shellfish Immunol. 
2014;40(1):49–60.

https://doi.org/10.15406/jbmoa.2016.02.00040
https://www.ncbi.nlm.nih.gov/pubmed/18051280
https://www.ncbi.nlm.nih.gov/pubmed/18051280
https://www.ncbi.nlm.nih.gov/pubmed/18051280
http://www.fao.org/3/a-i3720e.pdf
http://www.fao.org/3/a-i3720e.pdf
http://www.fao.org/3/a-i3720e.pdf
http://link.springer.com/article/10.1007/s00217-015-2428-8
http://link.springer.com/article/10.1007/s00217-015-2428-8
http://link.springer.com/article/10.1007/s00217-015-2428-8
http://link.springer.com/article/10.1007/s00217-015-2428-8
http://link.springer.com/article/10.1007/s00217-015-2428-8
http://peer-reviewedjournals.com/articles/JMB-MS13-3-02.pdf
http://peer-reviewedjournals.com/articles/JMB-MS13-3-02.pdf
http://peer-reviewedjournals.com/articles/JMB-MS13-3-02.pdf
http://peer-reviewedjournals.com/articles/JMB-MS13-3-02.pdf
https://www.ncbi.nlm.nih.gov/pubmed/18086503
https://www.ncbi.nlm.nih.gov/pubmed/18086503
https://www.ncbi.nlm.nih.gov/pubmed/18086503
https://www.ncbi.nlm.nih.gov/pubmed/19777896
https://www.ncbi.nlm.nih.gov/pubmed/19777896
https://www.ncbi.nlm.nih.gov/pubmed/19777896
http://jn.nutrition.org/content/137/3/850S.full
http://jn.nutrition.org/content/137/3/850S.full
https://www.ncbi.nlm.nih.gov/pubmed/22038602
https://www.ncbi.nlm.nih.gov/pubmed/22038602
https://www.ncbi.nlm.nih.gov/pubmed/21182714
https://www.ncbi.nlm.nih.gov/pubmed/21182714
http://www.sciencedirect.com/science/article/pii/S004484869800369X
http://www.sciencedirect.com/science/article/pii/S004484869800369X
http://www.sciencedirect.com/science/article/pii/S004484869800369X
http://www.sciencedirect.com/science/article/pii/S0044848612001494
http://www.sciencedirect.com/science/article/pii/S0044848612001494
http://www.sciencedirect.com/science/article/pii/S0044848612001494
http://www.sciencedirect.com/science/article/pii/S0044848612001494
https://www.ncbi.nlm.nih.gov/pubmed/24969424
https://www.ncbi.nlm.nih.gov/pubmed/24969424
https://www.ncbi.nlm.nih.gov/pubmed/24969424
https://www.ncbi.nlm.nih.gov/pubmed/24969424

	Title
	Abstract
	Keywords
	Introduction
	Discussion
	Bacteriocin definition  
	Marine organisms as a potent source of bioactive compounds 
	Bacteriocin classification 
	Classification of bacteriocins of gram-positive bacteria 
	Bacteriocin mode of action  
	Bacteriocin-induced cell damage 
	Food preservation 
	Probiotics in aquaculture 

	Conclusion
	Acknowledgements
	Conflict of interest 
	References

