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Abstract

Marine bioactive peptides are deliberated as an abundant source of natural products that may give long-hual fitness, in comparison to other resources. Numerous
literature concerning bioactive peptides from marine proteobacteria has been summarized, which shows the possibleness of therapeutic efficacy comprehensive
wide spectra of bioactivities against many infectious agents. Their antimicrobial, antitumor, antiviral, and other bioactivities have gained an attention for the medicine
development toward a new flow of drug explicate, for therapy and control of several diseases. Nonetheless, the execution of the action of several peptides has been still
unexplored. So in this glance, this mini-review is focused on some peptides by which they intervene with microbial infection. This compilation is one of the main extract to

be implicit particularly for the conversion of biomolecules into desired medicines.

Introduction

The marine microorganisms are considered an unexplored
living creature. It has been noticed that these marine bacteria
and their biologically active metabolites are possible sources
to be used as sustainable food and pharmaceutical constituent.
Disdain great progression in medicine, contagious diseases
elicited by bacteria, fungi, and viruses are quite a important
exemplary to community health. Due to the insufficiency of
medicine and increase of considerable resistance, people are
especially impressed in developing countries. The expansion in
the rate of disease causing microbes that have gained antibiotic
resistance takes place in the flourishing concern in novel and
influential antimicrobial compounds. Particularly, the report
of the anti-infective impact of marine peptides has appeal
affection from researchers and marine peptides are much
advised anti-infective compounds. For this intention, marine
life is designated as the chief option for the discovery of new
and bioactive medicinal factors, peculiarly marine peptides, as
marine peptides might be proactive in boost production and
diminishing disease [1]. By-products of marine fish, algae,
mollusk, crustacean, and others are the major root of these
peptides. It seems that the antimicrobial peptides may also
have the potential to boost an immunity proportional to other
appropriate drugs.

Antimicrobial peptides from bacteria are classified
depending on their route of arrangements (tissue pathway) for
instance the ribosomal (bacteriocin) route or non-ribosomal
route. Polyketide Synthase (PKS) and Non-ribosomal Peptide
Synthetase (NRPS) are the major messenger of secondary
metabolites. This current mini-review convergent on the
bioactive capability of peptides, extracted from the marine
resources and various compounds by which these peptides
fight against human pathogenesis.

Marine proteobacteria

Nonetheless, Proteobacteria is the utmost bountiful
phylum in marine habitat (profusion between 50% to 80%),
while very less bioactive components have been disclosed from
those microorganisms [2]. Various types of natural products
from marine microbes are presented in the biography, several
of them are peptides [3]. Many published reports have
been dedicated to the characterization of marine bacterial
compounds. Nonetheless, very few studies have concentrated
on bioactive peptides from Proteobacteria. Contempt the
accessibility of novel adequate compounds, just some specific
classes of antibacterial compounds have been specified for
human consumption. A few familiar proteobacterial genera
comprising oceanobulbus, pheaobacter, photobacterium,
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myxococcus, paraliomyxa, chondromyces, pseudoalteromonas,
vibrio, and pseudomonads were studied in the marine
environment (Table 1). Freshly, some unreported species of
Proteobacteria have been analyzed and it is oriented to the
evolution of Candidatus-Proteobacteria class [4].

Marine proteobacteria as a point of bioactive peptides

In the marine ecosystem, Proteobacteria is the near
flooding phylum and its spare rate is from 50% to 80% merely
unfortunately, exclusively a fewer bioactive compounds were
reported from such microbes [5]. Marine proteobacteria
have been explored for the amount of bioactive metabolites,
and several of them are cataloged in Table 2 [2]. In this
minireview, we will chiefly be focused on stuff from the o-,
y-and 3-Proteobacteria classes. There is no report of molecules
from B-, e- and 5-Proteobacteria so far. An immense figure of
bioactive compounds have been purified from diametric genera/
species of proteobacteria along with moiramide A, andrimide,
holomycin, kahalalides (eg. kahalalide A), unnarmicins, and
ngercheumicins (A-E), indigoidine, solonamides (Solonamide
A), thiomarinols, cyclic-depsipeptides (eg. chondramide C and
miuraenamides), myxovalargins, althiomycin, myxothiazols,
purified from Vibrio sp., Photobacterium halotolerans,
Photobacterium sp. MBIC06485, and Photobacterium sp.,
Oceanibulbus, Phaeobacter, Pseuodoalteromonas, Pseudomonas,
Myxococcus, Paraliomyxa sp.,. Some other examples of bioactive

compounds are enlisted in Table 2.

Protocols and strategies for peptides purification

The current methods for peptide purification are flash

Table 1: Proteobacterial Classification.

Class

a-proteobacteria

B-proteobacteria

e-Proteobacteria

6-Proteobacteria
(candidatus)

Order
Caulobacterales
Kiloniellales
Kopriimonadales
Kordiimonadales
Magnetococcales
Parvularculales
Rhizobiales
Rhodobacterales
Rhodospirillales
Rickettsiales
Sneathiellales
Sphingomonadales
Unclassified taxa
Burkholderiales
Ferritrophicales
Gallionellales
Hydrogenophilales
Methylophilales
Neisseriales
Nitrosomonadales
Procabacteriales
Rhodocyclales
Unclassified taxa
Campylobacterales
Nautiliales
Unclassified taxa

Mariprofundales

Class
y-Proteobacteria

6-Proteobacteria

Order
Acidithiobacillales
Aeromonadales
Alteromonadales
Cardiobacteriales
Chromatiales
Enterobacteriales
Legionellales
Methylococcales
Oceanospirillales
Orbales
Pasteurellales
Pseudomonadales
Salinisphaerales
Thiotrichales
Vibrionales
Xanthomonadales
Unclassified taxa
Bdellovibrionales
Desulfarculales
Desulfobacterales
Desulfobacterales
Desulfurellales
Desulfuromonadales
Myxococcales
Syntrophobacterales

Unclassified taxa
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Table 2: Marine Proteobacterial Peptides with Bioactivities.

Proteobacterial’s species Metabolites Bioactive Potential References
Andrimid
Vibrio sp. Moiramide Antibacterial [6,7]
Kahalalides
Oceanibulbus indolifex Cyclic dipeptides Antibacterial [8]
Phaeobacter sp. Indigoidine Antibacterial [9]
Unnarmicins
Photobacterium sp. Solonamides Antibacterial [10-12]
Ngercheumicins
Paraliomyxa miuraensis ?gg:;lap:;;de: Antifungal [13]
Myxococcus fulvus Myxothiazols Antibacterial, [14-16]
Althiomycin
(polyketide/ Antifungal
polypeptide hybrid)
Myxovalargins
(polyketide/
polypeptide hybrid)
Chondromyces pediculatus  Pedeins A and B Antifungal [17]

chromatography, RP-HPLC chromatographym, hydrophobic
interaction chromatography, ion-exchange chromatography,
size exclusion chromatography, gel filtration chromatography,
and hydrophilic interaction chromatography [18-21].
These methods permit acquire products with high-purity.
Nevertheless, they use up larger amounts of solvent, and
in many cases, produce low output and involve lengthy
purification times, which cause an increase in production
costs. The modification of new methodologies depend on
Solid-Phase Extraction (SPE) made this method more skilled,
allowing pretreatment of whatever kind of sample in a broad
concentration range [22]. SPE chromatographic separation
is depend on the same rule as Liquid Chromatography
(LC). Frontal chromatography is the chief process in the
extraction step, while displacement chromatography is the
procedure that regulate the analyte desorption [23]. The
main standard for choosing the chromatography mode is
the analyte’s physicochemical attribute [22,23]. SPE is
regarded as a separation protocol with advantages over other
protocols, allowing a collection of applications together with
reproducibility, speed, and efficiency [22]. Reverse-phase SPE
(RPSPE) is the method most used. A sample dissolved in a polar
mobile phase is applied onto the column, and then the non-
retained impurities are wash by washing with the identical
polar mobile phase. The analyte is then eluted with a less polar
mobile phase comprising on organic modifier. This elution
may be isocratic or gradient [23-25].

Chemical structures and binding properties of some re-
ported peptides

Andrimide and its analogue moiramide are plausibly the
most reported pseudopeptide antibiotics. It was first isolated
from Vibrio in 1994, and reported to be synthesized by a
bacterium Vibrio (isolated from a marine sponge) (Hyatella
sp.) ( [10] (Figure 1A). These bioactive peptides appear to be
distributed in the y-Proteobacteria as various Vibrio species
[10,26,27], Pantoea agglomerans [28], the marine Pseudomonas
fluorescens [29] and a symbiotic planthopper Enterobacter [30]
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have been reported to produce them. Andrimid exist in four
component parts: (1) A p-Phe moiety; (2) An unsaturated
fatty-acid chain; (3) A pyrrolidinedione and (4) A L-Val derived
p-ketoamide moiety. Andrimide and moiramide dissent just in
the size of their fatty acid chains. A broad antibacterial activity
has been represented for andrimid against Gram-positive
and Gram-negative bacteria [29]. The broad antibacterial
spectrum is probably coupled to the molecular target of these
compounds, i.e., the broadly preserved Acetyl-CoA Carboxylase
(ACC) [31].

By chemical synthetic studies, Pohlmann, et al. verified
that a pyrrolidinedione head part is accountable for andrimid
antimicrobial capability and also its fatty acid chain aid in
cell perception. Two interior elements of moiramide, that is

Andrimide

Ngercheumicin A

OH OH y

HQ i
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the L-Val-derived B-ketoamide and the p-(S)-Phe, have been
reported by the same person, in 2006. Survey proved that Phe
replacement by a non-aromatic amino acid consequence in
a lack of antibacterial potential. Replacement with lipophile
on the phenyl ring consequence in the p-(S)-Phe amended
antibacterial potential, praise that this component is
accountable for cell penetration of the molecule and also the
fatty acid chain. Alteration of an isopropyl chain of the L-Val-
derived B-ketoamide betters its bioactive potential against
Gram-positive bacteria [32].

Holomycin is synthesized by the Photobacterium halotolerans
S2753 [27]. It is the closing product of a Cys-Cys dipeptide
substance that showed a broad compass of antibacterial
potential [33] (Figure 1A). This pyrrothine compound is an
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Figure 1A: Chemical Structures of Bioactive Peptides.

007

Citation: Anjum K (2021) Biologically active peptides from marine proteobacteria: Discussion article. Open J Bac 5(1): 005-012.

DOI. https://dx.doi.org/10.17352/0jb.000018



™ PeertechzPublications Inc.

superior illustration of how natural amino acid residues
can be adapted to form “exotic” molecule. Preceding to this
survey, this pyrrothine antibiotic had only been separated
from Gram-positive bacteria and particularly from the
actinomycete Streptomyces clavuligerus [34]. Holomycin possess
a bacteriostatic consequence on both Gram-negative and
Gram-positive bacteria [35]. It results speedy inhibition of
elongation of RNA chain [35,36].

Kahalalides is a family of depsipeptides with changeable
size and peptide ordering, ranging from C31 (tripeptide) to C77
(tridecapeptide) and possessing various fatty acid chains [13].
These compounds, first purified from the herbivorous marine
mollusc (Elysia) and its algal food origin (Bryopsis pennata) have
also been represented in some Vibrio sp. strains separated from
the same mollusc [37]. Although the beginning of kahalalides
still ambivalent, Hill, et al. Propose that Elysia rufescens adopt
kahalalide-producing microbes from the overhead of Bryopsis
and then carry these microbes as symbionts. This family of
depsipeptides has been studied [13]; hence, here only the main
properties of these peptides have been presented. Kahalalides
and particularly kahalalide F are notable for their antifungal
and antitumour activities. Phase II clinical trials are in process
in regard to the former (Figure 1A).

Unnarmicinsare depsipeptides separated from the extraction
broth of a marine Photobacterium sp. MBIC06485. Unnarmicins
comprise two Leu, two Phe, and one 3-hydroxyoctanoyl
moiety or one 3hydroxyhexanoyl group in unnarmicins A
and C, respectively (Figure 1A). These compounds employ an
antibacterial effects only towards species of the Pseudovibrio
genus, one of the nearly common Proteobacteria genera in
the marine environment [38]. To date, five ngercheumicins
A-E, depsipeptides, have been separated and characterized.
Ngercheumicins A and B have a depsipeptide macrocycle
comprising one Phe and two Leu parts with contrary fatty acid
tails. Ngercheumicins B—D have a macrocycle consisted of three
Leu, two Thr and one Ser with no fatty acid tail. Although these
compounds lonely victim bacteria for which none pathogenesis
has been represented to date, as notable for unnarmicins,
ngercheumicins can be amended to culture media to boost
slowly-growing marine bacteria [14].

A blue pigment, indigoidine, has reported to be related to
the cognition of Phaeobacter sp. Y4I to suppress Vibrio fischeri.
This pigment can synthesize by the condensation of two
glutamine portion via a NRPS-based biosynthetic pathway [6].
Solonamides, in terms of structural similarity are intimately
concomitant to unnarmicins and ngercheumicins, with a
macrocycle containing one L-Ala, one L-Phe, one L-Leu and
one D-Leu part with a hydroxyoctanoyl or a hydroxyhexanoyl
moiety in solonamides B and A, respectively. In the similar
study, no antibacterial activity has been discovered for
solonamides A and B nonetheless the activity has only been
observed against Vibrio anguillarum and S. aureus. However,
solonamide B has been studied to decrease the expression of
both hla and rnalll of Methicillin Resistant Staphylococcus aureus
(MRSA) [12]. Thiomarinols have effective activity against
both Gram-positive and Gram-negative bacteria, particularly

https://www.peertechz.com/journals/open-journal-of-bacteriology a

against MRSA. Liquid-liquid filtration process of the cell-free
supernatant has present that Pseudo alteromonas sp. SANK
73390 produces seven thiomarinol analogue [39-41] (Figure
1A).

Chondramide’s structure has a similarity with jaspamide
(Figure 1B). Both structures comprise of three amino acids, i.e.,
one Ala, one (a-methoxy) B-Tyr, and one N-methyl-Trp [42].
The only difference comprises in the length and arrangement of
the polyketide chain. Numerous biological activities have been
presented for these jasmine-accompanying peptides. Their
capability as antibacterial or antifungal agents has particularly
been foreground since their finding. One auspicious area of
research pertain their antitumour activity, which is well written
for jaspamide, a microfilament inhibitor [43]. Chondramide A
stimulate the same effect as jaspamide on actin polymerisation
[44] (Figure 1B). Corresponding cytotoxic or anti-proliferative
ability have also been incontestable for miuraenamide A [45],
seragamide A [46], doliculide [47] and geodiamolide H [48].

Ojika, etal.hasnoticedthesimilaritybetween miuraenamides
(isolated from myxobacterium) with other cyclic depsipeptides
from marine microbes such as the geodiamolides [49,50],
doliculide (Ishiwata, et al. 1998), and seragamides [51], which
have all been separated from invertebrates. By considering
their similarity and their source of invertebrate isolation,
many jaspamide-accompanying peptides at first attributed to
marine invertebrates may in reality be synthesize by unknown
marine myxobacteria [51] (Figure 1B). Massetolides are cyclic
lipopeptides synthesized by other y-Proteobacteria that have
anti-mycobacterial activity. Massetolides A—-D were initially
extracted from a culture of a marine Pseudomonas MK9OES85
separated from an unidentified red alga received from Masset
Inlet, BC, Canada (Figure 1B). Viscosin and Massetolides E-H
were first extracted from Pseudomonas MK91CC8 separated
from an unidentified tube worm that was received from Moira
Island, BC, Canada [53]. Massetolides are comprised on nine
amino acids with alternating L- or D-configurations and a
changeable length of fatty acid chains of uncertain length.
Massetolides are cyclised through with an ester linkage between
the carboxyl group of the last amino acid and the hydroxyl of
the third amino acid residue.

Myxovalargins are linear peptides ranging from 1500
to 1700 Da, containing Arg, Val, and several unusual amino
acids [16] (Figure 1B). Because of its most active quality,
myxovalargin A was further investigated. Myxovalargins
comprises on 14 amino acids in addition of 3-methylbutyric
acid and agmatine moieties, nonetheless its structure has not
been completely elucidated. Myxovalargin A possess bioactivity
against both Gram-positive and Gram-negative bacteria and
powerfully reduce protein synthesis in reference bacteria
at low concentrations, however, its principal effect at high
concentrations is because of its membrane permeabilisation
[54]. Althiomycin is another peptide isolated from M. fulvus
along with the antibiotic myxopyronins [16]. Nevertheless,
althiomycin was primitively represented in the actinobacteria
Streptomyces althioticus [55] (Figure 1B). It is a pentapeptide
comprising on two Cys, two Gly, and one Ser and displays
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Figure 1B: Chemical Structures of Bioactive Peptides.
broad spectrum of antibiotic activity against Gram-positive mechanism concerning the NRPS in some other myxobacteria,
and Gram-negative bacteria by inhibiting protein synthesis Stigmatella aurantiaca [59] (Figure 1B).
[56]. Myxothiazols possess anti-fungal potential [57,58]
due to intervention with cytochrome b and suppression of Proteobacteria were also deliberate to possess antitumor
respiration. The production of myxothiazols in M. fulvus has an.d antl—fu.ngal activity. Sevel.ral purified compounds 1nc.lud1ng
not been examined. Nevertheless, Perlova, et al. Expound the miuraenamides and kahalalides fermented by Paraliomyxa

Citation: Anjum K (2021) Biologically active peptides from marine proteobacteria: Discussion article. Open J Bac 5(1): 005-012.
DOI. https://dx.doi.org/10.17352/0jb.000018



™ PeertechzPublications Inc.

miuraensis and Vibrio sp. respectively own antifungal potential,
and kahalalides also have anti-tumor activity [6,13]. Some
other examples are cataloged in Table 2.

Discussion

The unrivaled collection of marine sourced natural products
concerted with an precocious worldwide knowingness about
the scarcity of novel medications for anti-infectious agents.
Nevertheless, marine product leads have continuum been
withstanding with galore hindrance, considering an everlasting
render and large-scale manufacture. These two barriers are
an actual dispute for the consecutive alteration of marine
natural products into medical applications, and substitute
scheme for economically attainable and environmentally good
provision are surely required. Today, a technical disadvantage
connected with natural products has been diminished, and
there is a superior possibility to investigate the bio-activity
of antecedently unapproachable origin of natural products
[60,61]. In light of the proof that chemical assortment of
natural products is well appropriate to concede the centre
arrangement for forthcoming drugs, there will be additional
progress in the use of new natural products of marine root and
chemical collection hinge on natural products, in the process
of drug revelation.

Conclusion

Bioactive peptides from marine Proteobacteria are
specifically acquiring from Nonribosomal Pathways (NRP).
They show influential antibacterial and/or anti-fungal
potentials. As a consequence, they may represent helpful
way to face the demand of MDR strains. The deficiency of
standardized cultivation methods has restricted research
into their biochemistry. New culturing protocols have freshly
verified impressive and can provide an approach to the
antecedently unculturable. This mini-review has believably
sole fair grazed upon the perk of the iceberg.
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