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To prevent and treat diseases caused by the spread of microbes, humans have invented all sorts of effective antimicrobial
substances. The most widely used antimicrobial substance is antibiotics. However, misuse of antibiotics can generate
various negative effects, bacterial resistance, decreased immunity, and internal flora imbalance which can lead to
endogenous infection. In addition, existing non-natural antibacterial substances each have their own limitations; using
these substances in food may spoil the flavor, and an overuse can cause negative impacts on human health and even lead to
cancer. Thus, non-traditional natural antibacterial substances, such as antimicrobial peptides and cyclic lipopeptide
substances, have become the major focus for medical and nutrition research due to their broad-spectrum and strong
antibacterial nature, reliable performance, and high nutritious values. In this chapter, we will categorically describe the
new natural antimicrobial peptides which possess different antibacterial mechanisms from traditional antibiotics and are
less prone to drug resistance, as well as the structure, properties and antibacterial mechanics of cyclic lipopeptide.
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Peptides in general hold much promise as a major ingredient in novel supra molecular assemblies. They may become
essential in vaccine design, antimicrobial chemotherapy, cancer immunotherapy, food preservation, organs transplants,
design of novel materials for dentistry, formulations against diabetes and other important strategic applications. The
growing challenge of microbial resistance emphasizes the importance of novel antibiotics or new assemblies for old
ones. With emerging infectious diseases as a major public health problem, research on antimicrobial peptides (AMPs) is
timely and much work has been devoted to AMPs over the last three decades with excellent reviews available. As of
December 2014, over 100 new peptides have registered into the Antimicrobial Peptide Database, increasing the total
number of entries to 2493. Unique antimicrobial peptides have been identified from marine bacteria, fungi, and plants.
Bacteriocins are now widely used in food science to extend food preservation duration, inhibition of pathogen infection
of animal diseases, pharmaceutical industry and in the medical world for treatment of malignant cancers.

1. Antimicrobial peptides
Antimicrobial peptides (AMPs) are gene-encoded, ribosomally synthesized polypeptides, a class of polypeptide that
possesses a broad spectrum of anti-bacterial, anti-fungal, antiviral, anti-protozoa, and tumor cell suppression effects,
and is produced by a variety of biological cells through a specific gene encoding induced by external conditions. In
1981, scientists named the first antimicrobial peptide as cecropin, which was also the first real discovery of
antimicrobial peptides in a true sense. Many types of antimicrobial peptides have been subsequently found in a variety
of organisms, with approximately 2000 types of antimicrobial peptides being isolated and identified around the world
today.
They usually have the common characteristics: small peptide (30–60 aa), strong cationic (pI 8.9–10.7), heat-stable
(100ºC, 15 min), no drug fastness and no effect on eukaryotic cell. The natural AMPs have been isolated and
characterized from practically all-living organisms, ranging from prokaryotes to humans[1,2], and the AMPs produced
by bacteria are also termed bacteriocins. AMPs usually work against bacteria that are closely related to the producer
strains in prokaryotes, while they play a key role in innate immunity in eukaryotes [3, 4].
The significant advantage of AMPs rests in the global mechanism of their action, which is remarkably different from
that of conventional antibiotics. Usage of AMPs will experience significant growth since more and more bacteria may
develop the ability to resist conventional antibiotics due to the abuse of these drugs worldwide. This book will
summarize the recent AMPs and their relative mechanisms from various origins. [5]
1.1 Origins of AMPs
AMPs can be commonly classified into four groups according to their origins, from insects, other animals, synthesis and
microorganism. More than 1500AMPs of different origins have been reported to date [6].
1.1.1 AMPs from microorganism
This class of antimicrobial peptides is usually called bacteriocins, which are produced by bacteria, both Gram-positive
and Gram-negative, and they are active mainly against closely related bacteria [7]. The first bacteriocins was found in
E.coli, which is dated back to 1925.So far, within the bacteriocins produced by lactic acid bacteria, Bacillus,
Staphylococcus, Streptomyces, Streptoverticillium, etc. have been reported [8].Although true for the majority of
compounds, it is now evident that bacteriocins produced by lactic acid bacteria display bactericidal activity beyond
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species that are closely related [9]. In addition, many lactic acid bacterias are used to start cultures or co-cultures in food
production processes for increasing flavor and prolonging shelf-life, which have been done by many scientists.
Peptide bacteriocins produced by lactic acid bacteria (LAB) are categorized into three different classes according to
their biochemical and genetic properties[10,11].Class I peptides are the lantibiotics, which are small, posttranslationally modified peptides that contain unusual amino acids such as lanthionine (nisin). Class II includes
unmodified bacteriocins which are subdivided into three subclasses, namely, class IIa (pediocin-like bacteriocins), class
IIb (two-peptide bacteriocins), and IIc (other [i.e., non-pediocin-like], one-peptide bacteriocins). The designation
pediocin-like bacteriocins refers to pediocin PA-1/AcH, which was the first class IIa bacteriocin characterized [12,13].
The class III peptides are thermosensitive proteins [14].The inhibitory spectrum of LAB bacteriocins is relatively
narrow compared to that of the antimicrobial peptides produced by eukaryotic cells, such as pleurocidin, which is active
against both gram-negative and gram-positive bacteria [15]. On the other hand, LAB-produced bacteriocins kill bacteria
at much lower concentrations than eukaryotic antimicrobial peptides, probably because they interact with a specific
receptor present on target cells [16].
Sometimes, however, the isolation from natural sources is a labor intensive and time-consuming process, and
therefore does not provide an efficient method to obtain peptides in large amounts, and large quantities of highly
purified peptides are required to meet the needs of basic research and clinical trials. Currently, a less-expensive and
more-effective method of active production is required in order to commercialize the bacteriocins. The expense of
peptide synthesis limits this form of production to small quantity applications, such as laboratory experimentation. A
solution to this problem is to utilize the recombinant methods to heterologously express the antibacterial peptides in
bacteria in inactive form [16].Many host cells have been selected for expression of AMPs but Escherichia coli has been
established as one of the most porecombinant bioreactors due to its fast growth rate and well established expression
systems. However, it is difficult for small peptides to be expressed in engineered bacteria at high levels, especially the
toxic peptides and be recovered from the expression system. Recently, some people have developed methylotrophic
yeast. Pichiapastor is as an excellent host for the large-scale expression of proteins from different sources [17].
1.1.2 AMPs from animals
Antimicrobial peptides were initially discovered in invertebrate sand later also have been described in vertebrates.
These peptides show diverse sequences, structures and target specificity. The genes encoding AMPs are expressed in
numerous tissue and cell types from a wide variety of different species including mammals, amphibians and fish, except
for insects. In higher vertebrates, many of these peptides have been found to be associated with epithelial layers or are
synthesized and secreted by circulating neutrophil sand/or tissue mast cells (MCs) [18].
1.1.3 AMPs from insects
With roughly one million characterized species, insects represent the largest class within the animal kingdom. Today,
more than 200 such peptides have been identified in insects. Insect antimicrobial peptides are known to play an
important role in humoral defense reactions. AMPs are synthesized in the fat body (insect’s functional equivalent of the
mammalian liver) during systemic response against pathogens, and they are then secreted in to hemolymph [19,
20].These peptides are classified into five major groups based on their amino acid sequences and antibacterial activities:
1) cecropins, is an inducible antibacterial peptide that is found in the hemolymph of the pupae of H.cecropia, was the
first insect antimicrobial peptide discovered [21]. Maturececrop in peptides lack cysteine residues, are 35–39 amino
acids in length, and form two linear -helices connected by a hinge, which integrate into the acidic cell membranes of
bacteria leading to their disruption [22,23,24]. Cecropins constitute one of the most extensively studied antimicrobial
polypeptides among them any that are synthesized by insects as components of their host defense systems against
bacterial infection [25];2) insect defensins, is form a unique family of cysteine-rich cationic and structured polypeptides
with three or four disulfide bridges. Solution structure of the defensin-like peptide was determined and the primary
structural similarity between members of the family suggests that the global fold is robust and that the nature of the
side-chains determine the functional specificity. The antimicrobial activity of defensins is salt dependent [26]. They are
mainly effective against Gram-positive bacteria and also have potent activity against some Gram-negative bacteria,
fungi, yeasts, and protozoa [27,28]; 3) proline-rich peptides, these AMPs are strikingly rich in glycine residues (14–
22%), and this richness has a major influence on the tertiary structure of these peptides and hence on their mode of
action, such as Sarco toxin IIA, Hymenoptaecin, Attacin, Diptericin and Coleoptericin; 4) glycine-rich peptides and
lysozymes, which are isolated from mammals and insects, are predominantly active against Gram-negative bacteria,
including a wide range of plant-associated bacteria and some human pathogens [29]. Unlike other types of AMPs, their
mode of action does not involve the lysis of bacterial membranes but entails penetration into susceptible cells, where
they then act intracellularly.
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1.1.4 AMPs from synthesis
To induce the endogenous production of these peptides, which would avoid the possible toxicity and adverse systemic
reactions, as well as the difficulty to deliver them in integral form to the desired sites of action [30]. Generation of
synthetic antimicrobial peptides with high activity represents a new challenge in the development of novel antibiotics
[31]. So far, many AMPs have been synthesized , such as ABP-CM4,L1,Penetratin,BP100,A3-APO,L-Bac7(1–35) etc.,
have all been reported.
1.2 Mechanisms of AMPs action
The mechanism of the antimicrobial activities of AMPs has been studied for some selected peptides. Functions of these
peptides vary from membrane permeabilization to actions on an array of intracellular target molecules including
immuno-modulatory activities. The peptides can be membrane-disruptive resulting in cell lysis, or, alternatively,
membrane interaction can lead to the formation of transient pores and the transport of peptides inside the cell, bringing
them into contact with intracellular targets [32, 33].
1.2.1 Ability to interact with membranes
The ability to interact with membranes is a classical countenance of AMPs, and the feature is membrane
permeabilization. The peptides were facilitated by notable hydrophilic positively charged domains, interact with the
negatively charged microbial surfaces, and head groups of bilayer phospholipids leading to cell membrane penetration.
Therefore, the transmembrane potential and pH gradient are destroyed, the osmotic regulation is affected and respiration
is inhibited. As indicated by the previous studies and the literature, peptide-membrane interactions play a crucial role in
determining the activity of these membrane-active AMPs [34]. Currently, scientists have found that there are at least
four different commonly used models describing possible AMP modes of action in Fig. 1[5]

Fig. 1 Mode of action of AMPs. (A) In toroidal model, the peptides aggregate and tempt the lipid monolayers to bend continuously
through the pore so that both the inserted peptides and the lipid head groups line the water core. (B) In carpet model, peptide chains
covers the surface of membranes in a carpet-like manner and dissolves it like a detergent beyond a threshold concentration for which
a high peptide-to-lipid ratio is required. (C) In barrel-stave model, the peptides bind to the cell membrane, then the peptides
themselves insert into the hydrophobic core of the membrane forming a pore, causing leakage of cytoplasmic material and death of
the cell. (D) In aggregate channel model, the peptides insert into the membrane and then cluster into unstructured aggregates that
span the membrane. These aggregates are proposed to have water molecules associated with them providing channels for leakage of
ions and possibly larger molecules through the membrane.

1.2.2 Ability to inhibit or disturb the intracellular targets
Besides the ability to interact with membranes, there is increasing evidence to indicate that AMPs have other
intracellular targets. They can have multiple intracellular targets – they can bind DNA,RNA and proteins, inhibit cell
wall synthesis, and DNA, RNA or protein synthesis. Furthermore, peptides can interfere with bacterial cytokinesis by
cell filamentation provoked by several types of AMPs in vitro or in vivo. They have developed unique mechanisms to
translocate to the cytoplasm, in order to alter the cytoplasmic membrane septum formation, inhibit cell-wall synthesis,
inhibit nucleic acid synthesis, inhibit protein synthesis or inhibit enzymatic activity [35,36].
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1.3 Application of AMPs
AMPs are gaining attention as antimicrobial alternatives to chemical food preservatives and commonly used antibiotics.
They have a very good future for development particularly in pharmaceuticals industry and food additive.
1.3.1 Application in pharmaceuticals industry
Since the first antibiotic penicillin was discovered in 1928 by Alexander Fleming, many discovered antibiotics are
applied to treat pathogens. Antibiotics were first approved by USFDA in1951, and used in animal feed, which
significantly reduced the number of deaths due to bacterial infection cases. However, the problem with multiple drug
resistance pathogens has become increasingly serious, due to concerns regarding the abuse of antibiotics.
Pharmaceuticals industry is the most important market where AMPs are used, particularly given the severe resistance of
antibiotics. There is an urgent need to look for antibiotic substitutes around the world. Nowadays, many scientists have
made achievements in this field and went on further to the clinical application process. In addition to direct
antimicrobial activity, these peptides participate in many cellular functions, including chemo taxis, wound healing and
even determination of canine coat color. They can be used to kill bacteria, fungi, parasites, virus and cancer cells [37,
38]. And recombinant magaininis currently are in phase-three clinical trials.
In cancer therapy, AMPs have shown promise as anticancer therapeutics, with some research indicating that
bacteriocins show activity against tumor cells. Considering that bacteriocins are naturally and legally added in foods,
bacteriocins may be suitable as a potential anti-tumor drug candidate. Studies even demonstrate that the bound AMP
can lyse liposomes and induce apoptosis in vitro and significantly reduce tumor size in vivo mouse studies [39].Some
bacteriocins, such as pore-forming colicin A and E1 inhibit the growth of one human standard fibroblast line MRC5 and
11 human tumor-cell lines [40].On the other hand, AMPs can coat medical devices as a nonaggressive bio disinfectant
to prevent adherence and biofilm formation of micro-organisms in immune compromised patients. For instance, the
systemic application of radio labeled AMPs for infection detection and treatment or prophylactic application of bone
and soft-tissue infections has been demonstrated. Radio labeled AMPs could be valuable treatment option for infections
related to the development of invasive endocarditis, infected prosthetics, and even meningitis, all of which can be
valuable in the diagnosis of infection induced amyloid aggregation in Alzheimer disease. In addition, recent studies
suggest that vaccination of some AMPs can be a promising strategy for diseases. The result indicates that-defensin 2
may be used for the development of immunotherapy for the intervention of melanoma [41]. AMPs are hoped to be
developed into vaccine for human or other animals.
1.3.2 Application in Agricultural
AMPs are used not only for human disease, but also for plant disease control. Currently, because chemical fungicides
may hurt the ecological environment and human health due to their long lasting effects and accumulation in the human
body, AMPs of low toxicity became a good candidate for plant disease control. For example, application of Ace-AMP1
on tomato leaves show that the recombinant protein conferred strong resistance to the tomato pathogen A. solani and
could be used as an effective fungicide [42].Many gene constructions with coding sequences of AMPs have been
expressed in plant leading to various extents of protection against fungal and bacterial pathogens, and insect peptides
are especially suitable because of their exceptionally broad antimicrobial potential [43]. The efficacy of AMPs against
pathogens is prescreened by in vitro assays, and promising AMP candidates are introduced as transgenes into plants
[44].
Bacteriocins also can be added to animal feed as an anti-pathogen additive to protect livestock against pathogen
damage.For example, when nisin-supplemented bird diet was used to feed broiler chickens, a reduced number of
Bacteroides and Enterobacteriacae in ileal digesta of nisin-supplemented chickens were found. The action of nisin was
similar to that of salinomycin. After a 35-day growth, the average body weight gain of nisin-supplemented (2700 IU
nisin/g) chickens was 1918 g/bird, which was higher than the 1729g of non-nisin supplemented or the 1763g of
salinomycin-supplemented chickens [45]. Many results suggest that bacteriocins demonstrate potential when applied to
replace antibiotics in poultry and other animal feeds.
1.3.3 Application in foodtechnology
In order to extend shelf-life, antibiotics or food preservative are incorporated (e.g., nitrite and sulfur dioxide) into foods
to delay microbial growth and possible corruption. However, most commercial preservatives are developed via
chemical synthesis, and long-term consumption of the synthetic preservatives may have an adverse impact on the
human body. The demand for more natural antimicrobials have driven food scientists to investigate the effectiveness of
inhibitory compounds such as organic acids, essential oils, bacteriocins, and extracts from plants, and insects remain to
be explored [46]. Due to the sensitivity of bacteriocins to some proteases, harmless bacteriocins are possibly digested,
thus, un-functional small peptides and amino acids are bacteriocin-loaded foods digested in the gastrointestinal tract.
Bacteriocins are therefore considered as basically safe food additives after intake by the gastrointestinal system. AMPs
have the potential to be used as food preservatives.
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Bacteriocins are natural food additives due to the bacteriocin producing bacteria presence in many types of foods
since ancient times, such as cheeses, yogurts, and Portuguese fermented meat. In food technology, nisin is produced by
Lactococcuslactis and was the first antibacterial peptide found in LAB [47]. It is also the first commercial bacteriocin
used as a food preservative against contamination by microorganism, which is marketed as Nisaplin. It is the only
bacteriocin approved for utilization as a preservative in many foods by the U.S. Food and Drug Administration
(USFDA), and licensed as a food additive in over 45 countries. In Asia, pediocin PA-1will soon become another
commercially available bacteriocin, marketed as Alta2341, which inhibits the growth of Listeria monocytogenes in meat
products [48].
Moreover, bacteriocins are now introduced as foods additives, such as nisin, which is used in kimchi, mashed
potatoes, and fresh-cut products. This has been successful for in situ production of pediocin in cheese [49,50]. The in
situ production of pediocin by the genetically modified starter culture reduced the numbers of L. Monocytogenes from a
starting population of 3.65 log CFU/g to ˘1.0 log CFU/g after 92 days of ripening. Pediocin (as ALTA 2341;
3,000AU/g), combined with low-dose irradiation (2.3 kGy) had a greater inhibitory effect on the growth of L.
monocytogenes on frankfurters [51]. Enterocin AS-48 is used in cider, fruit and vegetable juices, and canned vegetables
for contamination inhibition. Enterocin CCM4231 and EJ97 are used in soy milk and zucchini purée for suppression of
contamination, respectively.
In many food products, such as traditional European cheeses, the milk used in the manufacturing process is easily
contaminated with animal excrement. The bacteriocinogenic Enterococci as starter cultures or co-cultures can be used
for reducing microbiota contamination. Settanni and Corsetti [48] reviewed bacteriocinogenic LAB strains as a coculture, protective, or starter cultures in fermented and non-fermented vegetables, such as olives, sourdough, miso,
sauerkrauts, refrigerated pickles, and mungbeansprouts. AMPs can also be quality booster for food as they can activate
mechanisms of cellular and adaptive immunity. Some AMPs, such as LL-37, can function as potent immune regulator
acting as chemokines and/or inducing cytokine production [52]. An alternative mechanism for applying class IIa
bacteriocins to foods is to deliver them as part of the packaging film. Antimicrobial packaging films have been
developed for the delivery of nisin and pediocin[53,54].

2. Cyclic Lipopeptide
The continuing emergence and worldwide spread of multi-resistant human pathogenic bacteria, particularly in hospital
settings, requires new antibacterial compounds, in addition to improved therapeutic regimens. Besides antimicrobial
peptides mentioned above, natural cyclopeptides(CLP) are also hot spots in chemical and pharmaceutical fields because
of the wide spreading bio-resources, complex molecular structures and various bioactivities.CLPs are composed of a
lipid tail linked to a short oligo peptide which is cyclized to form a lactone or lactam ring either between two amino
acids in the peptide chain or between an amino acid and an amino- or hydroxyl-group bearing fatty acid moiety. Bioproducers of cyclopeptides distribute over almost every kingdom from bacteria to plants and animals. Many
cyclopeptides contain non-coded amino acids and non-pepditic bonds. CLP has an immense structural diversity arises
from differences in the length(C6-C18) and composition of the fatty acid moiety (-OH groups, iso-, anteiso-methyl
branched forms) and from variations in the number (2-25 AA), type (basic, acidic, aromatic, aliphatic, cyclic, OH/SHcontaining, - or-type), and configuration (D, L) of the amino acids in the peptide portion.
Since the 1980s, Lilly Research Laboratories (Surrey, UK) reported the isolation of a series of novel antibiotics from
Streptomyces roseosporus NRRL 11379 culture broth. Many of these natural products are either already marketed or in
advanced stages of clinical development, such as polymyxin, daptomycin are being used in clinics; amphomycin,
ramoplanin and fusaricidins are in the stages of clinical trial or as a candidate for drug research in Table 1.
Table 1 Cyclic lipopeptides which are applied already in the clinics or are currently in preclinical development or clinical trials.
Compound

Producer

Molecular
weight
1188

Target, mode of
action
outer membrane

Spectrum
Gram -

Phase;
development
marketed

polymyxin

Bacillus polymyxa

daptomycin

Streptomycesroseosporus
NRRL11379
Streptomyces canusATCC
12237

1620

membrane

Gram+

marketed

Parkedale
Pharmaceuticals
Cubist

1290

Gram+

preclinical

Migenix

ramoplanin

Actinoplanessp.
33076

2254

Gram+

approved

Nanotherapeutics

fusaricidins

Paenibacillussp.

C55-P;
peptidoglycan
biosynthesis
Lipid
II,peptidoglycan
biosynthesis
still unknown

Fungi,
Gram+

candidate for
drug research

——

amphomycin

ATCC

883-947
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2.1 Polymyxin
Polymyxin is a group of basic decalipopeptides with a remarkable content of the non-proteinogenic amino acid 2,4diaminobutyric acid. Generally, seven amino acids form a peptide cycle, and a fatty acid is fused to the C-terminus of
the three exocyclic amino acids. 6-methyl-octanoic acid or 6-methyl-heptanoic acid can be found as lipid side chain
moiety. Two representatives, polymyxin B (i.e. a mix of polymyxin B1and B2) and E (i.e. a mix of polymyxin E1and
E2, syn. colistin A and B), originally obtained from Bacillus polymyxa and Bacillus colistinus, respectively, are already
in clinical use. Polymyxin B is commonly administered as water soluble sulfate salt, while polymyxin E (colistin) is
formulated as methanesulfonate sodium salt, an inactive drug which undergoes hydrolysis in vivo to form the active
drug polymyxin E [55].
Polymyxin show little activity against Gram-positive and anaerobic bacteria, but are potently bactericidal towards
many Gram-negatives including clinically relevant pseudomonads, enterobacteria and Acinetobacter species [56,
57].Since 1959, polymyxin E has been used for the treatment of Gram-negative bacterial infection. However, in the
1970s, clinical use of polymyxin E and polymyxin B was limited due to their seriousnephro toxicity and neurotoxicity
after parenteral administration. Together with the emergence of less-toxic amino glycosides and other antipseudomonal
agents [58], itsparenteralusewasalmostcompletelyabandonedinthe1980s.The revival of polymyxin has been coming
since the mid-1990s, due to the lack of novel antibiotics against prevalent MDR Gram-negative bacteria [59]. Recent
studies demonstrate that toxicity can be less severe and will be less frequently observed if a different dosing scheme is
employed, and that polymyxin possess an acceptable safety profile if the doses are adjusted to the renal function.
Therefore, polymyxin has been reintroduced as the last-line therapy for the treatment of serious infections caused by
multidrug-resistant Gram-negative superbugs, particularly Pseudomonas aeruginosa and Acinetobacter baumannii.
The antibacterial mechanism of polymyxin involves, as a first step, a specific interaction of the pentacationic peptide
ring with lipopolysaccharide (LPS) of the anionic outer membrane, a target structure which exists solely in Gramnegative bacteria. By binding to LPS, polymyxin competitively displaces calcium and magnesium bridges that stabilize
the outer leaflet of the outer membrane [60]. Furthermore, the short lipid side chain also interacts with LPS molecules,
which facilitates the insertion of the CLP into the outer membrane. These combined interactions perturb the integrity of
the membrane, further facilitate the import of polymyxis themselves (self-promoted uptake) and result in the transient
leakage of ions, molecules and small proteins, which finally leads to cell death [60,61]. In addition, polymxyins exert a
neutralizing effect on on endotoxins.
2.2 Daptomycin
Daptomycin is a cyclic lipopeptide produced by Streptomyces roseosporus using nonribosomal peptide synthetases [62].
Daptomycin consists of 13 amino acids: 10 C-terminal residues that form a ring closed by an ester bond and a 3-aminoacid exocyclicside chain with a terminal tryptophan linked to the fatty acyl residue, decanoic acid [63]. Several of the
amino acid residues that make up daptomycin are nonstandard, including three D-amino acids, ornithine, 3-methylglutamic acid, and kynurinine.
Daptomycin has a unique mechanism of action, not completely understood, involving a calcium-dependent
dissipation of membrane potential leading to the release of intracellular ions from the cell and bacteria death. The initial
binding event between daptomycin and the target Gram-positive membrane has not yet been defined but may be via
interaction with the bacterial membrane lipid, phosphatidylglycerol (PG). The activity of daptomycin is strictly
dependent on the presence of physiological levels of Ca2+, which induce conformational changes in daptomycin [64,65].
These changes also facilitate daptomycin oligomerization and membrane insertion [66,67], possibly by increasing
exposure of hydrophobic moieties in the molecule [65]. Daptomycin is an anionic molecule, and in addition to the effect
on daptomycin’s structure, calcium ions are believed to allow daptomycin to overcome the charge-charge repulsion
between daptomycin and the anionic phospholipid heads of the bacterial membrane [66].Insertion of the daptomycin
oligomers into the Gram-positive membrane are thought to generate an ion conduction structure in a process akin to that
of the pore-forming toxins, which oligomerize in target membranes to form ring-like pores[68].
Daptomycin (originally designated LY146032) is one of the few antibiotics that were approved during the past
decade and was successfully launched for the treatment of complicated skin and skin-structure infections, right-sided
endocarditis and bacteremia caused by Gram-positive pathogens, including methicillin resistant Staphylococcus aureus
(MRSA), vancomycin resistant Staphylococcus aureus (VRSA) and enterococci (VRE). Although initially considered
to be too toxic, a once-daily administration scheme markedly reduced adverse effects [69].
2.3 Amphomycin
Amphomycin has first been described in the early 1950s and is produced as a secondary metabolite by Streptomyces
canusATCC12237. In the following years a series of structurally closely related peptides has been characterized, which
can be basically divided into three families – the friulimicins, amphomycins and glycinocins (laspartomycins). The
structural features common to these lipopeptides include the macrocyclicdeca peptide core and a lipid tail, interlinked
by one exocyclic amino acid [70].
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Early studies with amphomycin indicated that lipopeptide may interfere with bacterial cell wall biosynthesis pointing
towards the first membrane associated step as a target reaction, i.e. the transfer of the soluble UDP-activated cell wall
precursor to the membrane carrier, although further details were not reported [71]. More recent studies with
amphomycin and friulimicin revealed that both peptides form a specific complex with the essential lipid carrier
undecaprenol-phosphate (C55-P) in a Ca2+-dependent manner, without affecting membrane integrity[72,73].
An analogue of amphomycin, MX-2401, demonstrates broad-spectrum bactericidal activity against Gram-positive
organisms, including strains resistant to vancomycin, macrolides, penicillin, methicillin, gentamicin, and other marketed
antimicrobials [74, 75]. In the animal models of infection, MX-2401 exhibits potent dose-dependent activity against
Gram-positive organisms, including resistant strains, with an excellent ability to kill bacteria in neutropenic mice [76].
MX-2401is a semi-synthetic analog of amphomyc in that entered clinical trials with BioWest Therapeutics for the
treatment of serious Gram-positive infections including hospital-acquired pneumonia [77]. MX-2401 is rapidly
bactericidal and was effective in several models of infection in pre-clinical studies.
2.4 Ramoplanin
Ramoplanin, originally named A-16686, was isolated by a research group from GruppoLePetit (Biosearch Italia,
Gerenzano, Italy) in 1984 as an antibiotic complex from the fermentation broth of Actinoplanes sp (ATCC 33076).
Ramoplanin A1-A3 [78], that basically differs in the structure of the fatty acid substituent. Members of the ramoplanin
family all share an identical 17-mer peptide ring structure, composed of a number of unusual and -hydroxylated amino
acids. Characteristically, the L-hydroxyphenylglycine (Hpg) residue in position 11 of the ring core is glycosylated by a
dimannosyl moiety [79].
Ramoplanin contains an N-acyl chain linked to Asn-1 [80, 81] which may insert into the bacterial membrane
phospho-lipidbilayers, as is the case for the lipoglycopeptide teicoplanin [82]. Recent studies have proposed that
ramoplanin forms an intimate and highly amphipathic dimer in the membrane environment and binds to bacterial
membranes via its hydrophobic interface [83,84].
Ramoplanin A2, the most abundant component within the mixture of analogues, is active against a wide range of
Gram-positive pathogens and has been fast-tracked by the FDA as a treatment for multi resistant Clostridium difficile
associated diseases of the gastrointestinal tract. Systemic administration of Ramoplanin A2 is currently limited due to
its hydrolytic instability and its tendency to aggregate in the bloodstream [85].
2.5 Fusaricidins
Fusaricidins or LI-Fs [86,87] are a new family of cyclic lipodepsipeptide antifungal antibiotics isolated from
Paenibacillus sp. [88,89,90]. Common structural characteristics of these natural products are the peptide ring consisting
of six amino acid residues, three of which, L-Thr1, D-aThr4, D-Ala6 are conserved throughout the family, and a 15guanidino-3-hydroxypentadecanoic acid attached via amide bond to the N-terminalThr1. Fusaricidins/ LI-Fs are
cyclized by a lactone bridge between N-terminal Thr1 hydroxyl group and C-terminal D-Ala6.
Fusaricidins/LI-Fs’ mode of action is still unknown. Total synthesis of fusaricidin A/LI-F04a natural product using a
combination of solid-phase and solution synthetic approaches was recently reported by Cochrane et al. Two groups,
Jensen et al.[91]and Park et al.,[92]have reported identification and isolation of putative fusaricidin/LI-F synthetase
gene, fusA, from Paenibacillus polymyxa, opening the possibility for the development of biosynthetic approaches
toward this family of naturally occurring cyclic lipodepsipeptides and their analogs.
Among isolated fusaricidin/LI-F antibiotics, fusaricidin A or LI-F04a, [93] showed the most promising antimicrobial
activity against a variety of fungi, including clinically important Candida albicans and Cryptococcus neoformans, and
against Gram-positive bacteria such as S. aureus (MICs ranging from 0.78–3.12 g/ml). Fusaricidins/LI-Fs did not,
however, show activity against Gram-negative bacteria.[88,89]

3. Conclusions
We anticipate continued efforts in the development of potential applications of antimicrobial peptides, including peptide
production methods. Peptide engineering, formulation, and delivery technologies may further expand the horizon of
antimicrobial peptides in benefiting human beings [94]. Drug resistance is a major problem in antibacterial
chemotherapy, and AMPs may solve this problem in the future. AMPs, including CLP are currently in the spotlight as
potential candidates to overcome bacterial resistance to conventional antibiotics. Many AMPs have multi-functions
such as antibacterial, antifungal and anti-cancer activities. Because they are able to rapidly kill broad range of infectious
agents and modulate both innate and adaptive immunity, considerable efforts have been made to exploit their
therapeutic potential. Such applications can vary from medical surface cleaning, water quality monitoring and
disinfection, sterile surface materials, to new drugs for infectious diseases [95, 96].
Furthermore, environmental conditions prompts us to find or produce more kinds of AMPs to kill more and more
pathogenic bacteria since no AMPs have been found to cope with them at present [97]. Eventually, AMPs may become
useful therapeutic tools, since they have shown to fight not only bacterial, but viral, and fungal infections. Additionally,
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their antimicrobial activity is exerted in several ways because of their multifunctional properties; this characteristic
makes the development of resistance by microorganisms more difficult. Currently, our further research will advance
knowledge within the field and highlight the potential of antimicrobial peptides as therapeutic agents.
Acknowledgements The support by National High Technology Research and Development Program of China (863 program):
2012AA022205 and National Basic Research Program of China(973 program): 2011CB710802 is gratefully acknowledged.

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

56

Boulanger N, Bulet P, Lowenberger C. Antimicrobial peptides in the interactions between insects and flagellate parasites.
Trends in Parasitology, 2006; 22( 6):262-268.
Brogden KA. Antimicrobial peptides: pore formersor metabolic inhibitors in bacteria? Nature Reviews Microbiology, 2005;
3(3):238-250.
Altincicerk B, Linder M, Linder D, et alˊMicrobial metalloproteinases mediate sensing of invading pathogens and activate
innate immune responsesin the lepidopteran model host Galleria mellonella. Infection and Immunity.2006; 75(1):175-83.
Konno Kˈˮangel MˈOliveira JS, et al. Decoralinˈa novel linear cationic -helical peptide fromthe venom of the solitary
eumenine wasp Oreumenes decorates. Peptides. 2007; 28(12):2320-2327.
Yanmei Li, Qi Xiang, Qihao Zhang, et al. Overview on the recent study of antimicrobial peptides: Origins, functions, relative
mechanisms and application. Peptides. 2012; 37:207–215.
Guaní-Guerra E, Santos-Mendoza T, Lugo-Reyes SO, Teran LM. Antimicrobial peptides: general overview and clinical
implications in human health and disease. Clinimmunol. 2010; 135:1-11.
Tagg JR, Dajani AS, Wannamaker LW. Bacteriocins of Gram-positive bacteria. Bacteriol Rev. 1976; 40:722-756.
Baba T, Schneewind O, et al. Instruments of microbial warfare: bacteriocin synthesis, toxicity and immunity. Trends Microbiol.
1998; 6:66-71.
Klaenhammer TR, et al. Genetics of bacteriocins produced by lactic acid bacteria. FEMS Microbiol Rev. 1993; 12:39-86.
EijsinkVGH, AxelssonDB, et al. Production of bacteriocins by lactic acid bacteria; an example of biological warf are and
communication. Antonie Leeuwenhoek. 2002; 81:639-654.
D. B. Diep, L. S. Håvarstein, M. B. Brurberg, V. Eijsink, H.Holo. Biosynthesis of bacteriocins in lactic acid bacteria.
AntonieLeeuwenhoek. 1996; 70:113-128.
BiswasSR, PRay, MCJohnson, BRay. Influence of growth conditions on the production of a bacteriocin, pediocin AcH, by
Pediococcusacidilactici. Appl. Environ. Microbiol.1991; 57:1265-1267.
Nieto Lozano, JNissen-Meyer, KSletten, CPelaz, et al. Purification and amino acid sequence of a bacteriocin produced by
Pediococcusacidilactici. J. Gen. Microbiol. 1992; 138:1985-1990.
KlaenhammerTR, et al.Genetics of bacteriocins produced by lactic acidbacteria. FEMS. Microbiol. Rev. 1993; 12:39-46.
Nissen-MeyerJ, H H Hauge, G Fimland, V G H Eijsink,et al. Ribosomally synthesized antimicrobial peptides by lactic acid
bacteria: their function, structure, biogenesis, and their mechanism of action. Recent Res. Dev. Microbiol.2001; 1:141–154.
Guerreiro CI, Fontes CM, Gama M, Domingues L. Escherichia coli expression and purification of four antimicrobial peptides
fused to a family 3carbohydrate-binding module (CBM) from Clostridium thermocellum. ProteinExprPurif.2008;59:161-8.
Niu M, Li X, Wei J, Cao R, Zhou B, Chen P. The molecular design of a recombinant antimicrobial peptide CP and its in vitro
activity. Protein ExprPurif.2008;57:95-100.
Mulero I, Noga EJ, Meseguer J, Garcia-Ayala A, Mulero V. The antimicrobial peptides piscidins are stored in the granules of
professional phagocytic granulocytes of fish and are delivered to the bacteria-containing phagosome up on phagocytosis. Dev
Comp Immunol 2008;32:1531-8.
Bulet P, Stocklin R. Insect antimicrobial peptides: structures, properties and gene regulation. Protein PeptLett. 2005;12:3-11.
Brown SE, Howard A, Kasprzak AB, Gordon KH, East PD. A peptidomics studyreveals the impressive antimicrobial peptide
arsenal of the wax moth Galleriamellonella. Insect Biochem Mol Biol. 2009;39:792-800.
Choi YS, Choo YM, Lee KS, Yoon HJ, Kim I, Je YH, et al. Cloning and expression profiling of four antibacterial peptide genes
from the bumblebee Bombusignites. Comp Biochem Physiol B Biochem Mol Biol. 2008;150:141-6.
Charroux B, Rival T, Narbonne-ReveauK, Royet J. Bacterial detection by Drosophila peptidogly can recognition proteins.
Microbes Infect. 2009;11:631-6.
Cerón JM, Contreras-Moreno J, Puertollano E, de Cienfuegos GA, PuertollanoMA, de Pablo MA. The antimicrobial peptide
cecropin A induces caspasein dependent cell death in human promyelocytic leukemia cells. Peptides. 2010;31:1494-1503.
Imamura M, Wada S, Ueda K, Saito A, Koizumi N, Iwahana H, et al. Multipeptide precursor structure of acaloleptin A
isoforms, antibacterial peptides from the Udo longicorn beetle, Acaloleptaluxuriosa. Dev Comp Immunol.2009;33:1120-1127.
Tanaka H, Yamamoto M, Moriyama Y, Yamao M, Furukawa S, Sagisaka A,et al. A novel Rel protein and shortened isoform
that differentially regulate antibacterial peptide genes in the silkworm Bombyxmori. BiochimBiophysActa. 2005;1730:10-21.
Yamaguchi Y, Ouchi Y. Antimicrobial peptide defensin: Identification of novelisoforms and the characterization of their
physiological roles and their significance in the pathogenesis of diseases. Proc JpnAcad Ser B Phys Biol Sci. 2012;88:152-66.
Chapuisat M, Oppliger A, Magliano P, Christe P. Wood ants use resin to protect themselves against pathogens. Proc Biol Sci.
2007;274:2013-2017.
Viljakainen L, Pamilo P. Selection on an antimicrobial peptide defensin in ants.J Mol Evol.2008;67:643-52.
Lee VS, Tu WC, Jinn TR, Peng CC, Lin LJ, Tzen JT. Molecular cloning of theprecursor polypeptide of mastoparan B and its
putative processing enzyme, dipeptidyl peptidase IV, from the black-bellied hornet, Vespa basalis. InsectMol Biol.
2007;16:231-237.

© FORMATEX 2015

The
Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)
__________________________________________________________________________________________________________

[30] Chen YQ, Zhang SQ, Li BC, Qiu W, Jiao B, Zhang J, et al. Expression of a cytotoxiccationic antibacterial peptide in
Escherichia coli using two fusion partners. Protein ExprPurif 2008;57:303-311.
[31] Wang X, Zhu M, Zhang A, Yang F, Chen P. Synthesis and secretory expression of hybrid antimicrobial peptide CecA-mag and
its mutants in Pichiapastoris. Exp Biol Med (Maywood).2012;237:312-317.
[32] Maróti G, Kereszt A, Kondorosi E, Mergaert P. Natural roles of antimicrobial peptides in microbes, plants and animals. Res
Microbiol 2011;162:363-74.
[33] Yang P, Ramamoorthy A, Chen Z. Membrane orientation of MSI-78 measured by sum frequency generation vibrational
spectroscopy. Langmuir2011;27:7760-7767.
[34] Pandey BK, Srivastava S, Singh M, Ghosh JK. Inducing toxicity by introducing aleucine-zipper-like motif in frog antimicrobial
peptide, magainin 2. Biochem. 2011;436:609-620.
[35] Aggarwal K, Silverman N. Positive and negative regulation of Drosophilaimmune response. BMB Rep. 2008;41:267-277.
[36] Brown KL, Hancock RE. Cationic host defense (antimicrobial) peptides. CurrOpinImmunol.2006;18:24-30.
[37] Hu Y, Aksoy S. An antimicrobial peptide with trypanocidal activity characterized from Glossinamorsitansmorsitans. Insect
Biochem Mol Biol. 2005;35:105-15.
[38] Walsh TR, et al. Emerging carbapenemases: a global perspective. Int J AntimicrobAgents.2010;36(Suppl. 3):S8-14.
[39] Lee SJ, Schlesinger PH, Wickline SA, Lanza GM, Baker NA. Interaction of melittinpeptides with perfluoro carbon
nanoemulsion particles. J Phys Chem B. 2011;115:15271-15279.
[40] ChumchalováJ, SmardaJ. Human tumor cells are selectively inhibited by colicins. Folia Microbiol. (Praha)2003; 48:111-115.
[41] Mei HF, Jin XB, Zhu JY, Zeng AH, Wu Q, Lu XM, et al. -Defensin 2 as an adjuvant promotes anti-melanoma immune
responses and inhibits the growth of implanted murine melanoma in vivo. PLoS One. 2012; 313-328..
[42] Wu Y, He Y, Ge X. Functional characterization of the recombinant antimicrobial peptide Trx-Ace-AMP1 and its application on
the control of tomato early blight disease. App Microbiol Biotechnol. 2011;90:1303-1310.
[43] Rahnamaeian M. Antimicrobial peptides: modes of mechanism, modulation of defense responses. Plant Signal
Behav.2011;6:1325-1332.
[44] Visser M, Stephan D, Jaynes JM, Burger JT. A transient expression assay for the in planta efficacy screening of an
antimicrobial peptide against grapevine bacterial pathogens.LettApplMicrobiol.2012;54:543-551.
[45] JózefiakD, KieroñczykB, JuœkiewiczJ, ZduñczykZ, RawskiM, DugoszJ, et al. Dietary nisin modulates the gastrointestinal
microbial ecology and enhances growth performance of the broiler chickens. PLoS ONE. 2013; 8: 112-131.
[46] Kesting MR, Stoeckelhuber M, Holzle F, Mucke T, Neumann K, Woermann K,et al. Expression of antimicrobial peptides in
cutaneous infections after skin surgery. Br J Dermatol.2010;163:121-127.
[47] RogersL A, et al.The inhibiting effect of Streptococcus lactison Lactobacillus bulgaricus. Bacteriol.1928; 16:321-325.
[48] SettanniL, CorsettiA. Application of bacteriocins in vegetable food biopreservation. Int. J. Food Microbiol.2008; 121:123-138.
[49] BuyongN, JKok, JB Luchansky. Use of a genetically enhanced, pediocin-producing starter culture, Lactococcuslactissubsp.
LactisMM217, to control Listeria monocytogenesin cheddar cheese. Appl. Environ. Microbiol. 1998; 64:4842-4845.
[50] RodriguezE, JCalzada, JLArque´s, JMRodr´guez, MNun˜ez, MMedina. Antimicrobial activity of pediocin-producing
Lactococcuslactison Listeria monocytogenes, Staphylococcus aureus and Escherichia coliO157:H7 in cheese. Int. Dairy J.2005;
15:51-57.
[51] ChenCM, JGSebranek, JSDickson, AFMendonca.Combining pediocin with post-packaging irradiation for control of Listeria
monocytogeneson frankfurters. J. Food Prot. 2004; 67:1866-1875.
[52] Méndez-Samperio P, et al. The human cathelicidinhCAP18/LL-37: a multifunctional peptide involved in mycobacterial
infections. Peptides. 2010;31:1791-1798.
[53] CutterCN, JLWillett, GRSiragusa.Improved antimicrobialactivity of nisin-incorporated polymer films by formulation change
andaddition of food grade chelator. Lett. Appl. Microbiol. 2001; 33:325-328.
[54] NatrajanN, BSheldon. Efficacy of nisin-coated polymer filmsto inactivate Salmonella typhimurium on fresh broiler skin. Food
Prot.2000; 63:1189-1196.
[55] BergenPJ, LiJ, RaynerCR, NationRL. Colistin methanesulfonate is an inactive prodrug of colistin against Pseudomonas
aeruginosa. Antimicrob. AgentsChemother. 2006; 50:1953-1958.
[56] ZavasckiAP, GoldaniLZ, LiJ, NationRL.Polymyxin B for the treatment of multidrug-resistant pathogens: a critical review.
Antimicrob. Chemother. 2007; 60:1206-1215.
[57] LandmanD, GeorgescuC, MartinDA, QualeJ. Polymyxins revisited. Clin.Microbiol. Rev.2008; 21:449-465.
[58] APoudyal, BPHowden, J MBell, et al. In vitropharmacodynamics of colistin against multidrug-resistant Klebsiella pneumonia.
Journal of Antimicrobial Chemotherapy. 2008; 62(6):1311–1318.
[59] APZavascki, LZGoldani, JLi, RLNation. PolymyxinB for the treatment of multidrug-resistant pathogens: a critical review.
Journal of Antimicrobial Chemotherapy. 2007; 60(6):1206-1215.
[60] HermsenED, SullivanCJ, RotschaferJC. Polymyxins: pharmacology, phar-macokinetics, pharmacodynamics, and clinical
applications. Infect. Dis. Clin.North Am.2003; 17:545-562.
[61] TamVH, SchillingAN, VoG, KabbaraS, KwaAL, WiederholdNP, LewisRE. Pharmacodynamics of polymyxin B against
Pseudomonas aeruginosa Antimicrob. Agents Chemother. 2005; 49:3624-3630.
[62] Robbel L, Marahiel MA. Daptomycin, a bacterial lipopeptide synthesized by a nonribosomal machinery. Biol. Chem.2010;
285:27501-7508.
[63] Debono M, Abbott BJ, Molloy RM, Fukuda DS, Hunt AH, DaupertVM, Counter FT, Ott JL, Carrell CB, Howard LC, et al.
Enzymatic and chemical modifications of lipopeptide antibioticA21978C:thesynthesis and evaluation of daptomycin
(LY146032). Antibiot. (Tokyo)1988; 41:1093-1105.
[64] Straus SK, Hancock RE. Mode of action of the new antibiotic for Gram-positive pathogens daptomycin: comparison with
cationic antimicrobialpeptidesandlipopeptides.Biochim.Biophys.Acta.2006; 1758:1215-1223.
[65] Ho SW, Jung D, Calhoun JR, Lear JD, Okon M, Scott WR, Hancock RE, Straus SK. Effect of divalent cations on the structure
of the antibiotic daptomycin. Eur. Biophys.2008; 37:421-433.

© FORMATEX 2015

57

The
Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)
__________________________________________________________________________________________________________

[66] Jung D, Rozek A, Okon M, Hancock RE. Structural transitions as determinants of the action of the calcium-dependent
antibiotic daptomycin. Chem. Biol.2004; 11:949-957.
[67] Muraih JK, Pearson A, Silverman J, Palmer M. Oligomerization of daptomycin on membranes. Biochim.Biophys.Acta.2011;
1808:1154-1160.
[68] Zhang T, Muraih JK, Mintzer E, Tishbi N, Desert C, Silverman J, Taylor S, Palmer M. Mutual inhibition through hybrid
oligomer formation of daptomycin and the semisynthetic lipopeptide antibioticCB-182,462. Biochim. Biophys. Acta.2013;
1828:302-308.
[69] DvorchikB, Arbeit RD, ChungJ, LiuS, KnebelW, KastrissiosH. Population pharmacokinetics of daptomycin. Antimicrob.
Agents Chemother. 2004; 48:2799-2807.
[70] BaltzRH, MiaoV, WrigleySK. Natural products to drugs: daptomycin and related lipopeptide antibiotics. Nat. Prod. Rep. 2005;
22:717-741.
[71] TanakaH, OiwaR, MatsukuraS, OmuraS. Amphomycin inhibitsphospho-N-acetylmuramyl-pentapeptidetranslocase in
peptidoglycan synthesis of Bacillus. Biochem. Biophys. Res. Commun. 1979; 86:902-908.
[72] RubinchikE, SchneiderT, ElliottM, ScottWRP, PanJ, AnklinC, et al. Mechanism of action and limited cross-resistance of new
lipopeptide MX-2401.Antimicrob.Agents Chemother. 2011; 55:2743-2754.
[73] SchneiderT, GriesK, Josten M, WiedemannI, PelzerS, LabischinskiH, Sahl HG. The lipopeptide antibiotic Friulimicin B
inhibits cell wall biosynthesis through complex formation with bactoprenol phosphate. Antimicrob. AgentsChemother.2009; 53:
1610-1618.
[74] DugourdD, et al.In vitrocharacterization of MX-2401—a novelamphomycin derivative active against gram positive bacteria.
Abstr. 46th Intersci. Conf. Antimicrob. Agents Chemother.2006.
[75] HobanDJ, BWeshnoweskiR, VashishtG, GZhanel, DDugourd.In vitroactivity of MX-2401, a novel lipopeptide against multidrug resistant(MDR)Staphylococcus aureus(SA).Abstr. 48th Intersci.Conf. Antimicrob. Agents Chemother.2006.
[76] CraigW A, DAndes, TSatmstad. In vivo pharmacodynamics of a new lipopeptide MX-2401.Antimicrob. Agents
Chemother.2010; 54:5092-5098.
[77] DugourdD, YangH, ElliottM, SiuR, ClementJJ, StrausSK, HancockREW, RubinchikE. Antimicrobial properties of MX-2401,
an expanded-spectrum lipopeptide active in the presence of lung surfactant. Antimicrob. AgentsChemother. 2011; 55: 37203728.
[78] CavalleriB, Pagani, H, Volpe G, SelvaE, ParentiF. A-16686, a new antibioticfrom Actinoplanes I. Fermentation, isolation and
preliminary physico-chemicalcharacteristics. Antibiot. 1984; 37:309-317.
[79] CiabattiR, KettenringJK, WintersG, TuanG, ZerilliL, CavalleriB. Ramoplanin (A-16686), a new glycolipodepsipeptide
antibiotic III. Structureelucidation. Antibiot. 1989; 42:254-267.
[80] McCaffertyDG, Cudic P, Frankel BA, Barkallah S, Kruger RG, Li WK. Chemistry and biology of the ramoplanin family of
peptide antibiotics. Biopolymers.2002; 66:261-284.
[81] WalkerS, Chen L, Hu YN, Rew Y, Shin DW, Boger DL.Chemistryand biology of ramoplanin: a lipoglycodepsipeptide with
potent antibioticactivity. Chem. Rev.2005; 105:449-475.
[82] ChmaraH, Ripa S, Mignini F, Borowski E.Bacteriolytic effect ofteicoplanin. Gen. Microbiol.1991; 137:913-919.
[83] HuYN, Helm JS, Chen L, Ye XY, Walker S. Ramoplanin inhibitsbacterial transglycosylases by binding as a dimer to lipid II.
Am. Chem.Soc.2003; 125:8736 -8737.
[84] HamburgerJB, Hoertz AJ, Lee A, Senturia RJ, McCafferty DG, Loll PJ. A crystal structure of a dimer of the antibiotic
ramoplanin illustrates membrane positioning and a potential lipid II docking interface. Proc.Natl. Acad. Sci. U. S. A.2009;
106:13759 –13764.
[85] McCaffertyDG, CudicP, FrankelBA, BarkallahS, KrugerRG, LiW. Chemistry and biology of the ramoplanin family of peptide
antibiotics. Biopolymers. 2002; 66:261-284.
[86] Fowler VG, Boucher HW, Corey GR, et al. Daptomycin versus standard therapy for bacteremia and endocarditis caused by
Staphylococcus aureus. N Engl J Med. 2006; 355(7):653-665.
[87] Sivakumar B, Vijaysegaran P, Chaudhuri A, Crawford S, Ottley M. Daptomycin resistance inprosthetic joint infections.
Orthopedics. 2012; 35(4):e603-e606.
[88] Kurusu K, Ohba K. New peptide antibiotics LI-F03, F04, F05, F07, and F08, produced by BacilluspolymyxaI Isolation and
characterization. J Antibiot. 1987; 40:1506-1514.
[89] Kajimura Y, Kaneda M. Fusaricidin A, a new depsipeptide antibiotic produced by BacilluspolymyxaKT-8. Taxonomy,
fermentation, isolation, structure elucidation and biological activity. JAntibiot. 1996; 49:129-135.
[90] Kajimura Y, Kaneda M. Fusaricidins B, C and D, new depsipeptide antibiotics produced by Bacillus polymyxaKT-8: isolation,
structure elucidation and biological activity. J Antibiot. 1997;50:220-228.
[91] Li J, Beatty PK, Shah S, Jensen SE. Use of PCR-targeted mutagenesis to disrupt production of fusaricidin-type antifungal
antibiotics in Paenibacilluspolymyxa. Appl Environ Microbiol. 2007;73(11):3480-3489.
[92] Choi SK, Park SY, Kim R, Lee CH, Kim JF, Park SH. Identification and functional analysis ofthe fusaricidin biosynthetic gene
of PaenibacilluspolymyxaE681. BiochemBioph Res Co. 2008;365(1):89-95.
[93] Long JK, Choueiri TK, Hall GS, Avery RK, Sekeres MA. Daptomycin-resistant Enterococcusfaecium in a patient with acute
myeloid leukemia. Mayo Clin Proc. 2005; 80(9):1215-1216.
[94] Carmona-RibeiroAM, de Melo Carrasco.Novel formulations for antimicrobial peptides. Int. J. Mol. Sci. 2014; 15:18040–18083.
[95] PinaAS, Batalha IL, FernandesCS, AokiMA, RoqueAC. Exploring the potential of magnetic antimicrobial agents for water
disinfection. Water Res. 2014; 66:160-168.
[96] SilvaRR, AvelinoKY, RibeiroKL, FrancoOL, OliveiraMD, AndradeCA. Optical and dielectric sensors based on antimicrobial
peptides for microorganism diagnosis. Front. Microbiol. 2014; 5:443-447.
[97] Moellering RC. NDM-1 - a cause for worldwide concern. N Engl J Med. 2010;363(25):2377-2379.

58

© FORMATEX 2015

