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Abstract
The growth of pathogens across the globe is developing at a very fast rate, thus turning into a worldwide health problem. 
Since, current treatment alternatives have failed to a large extent, novel antibiotics are highly in demand. Antimicrobial 
peptides (AMPs) have become a significant alternative in this scenario because of their wide-spectrum activity, rapid kill-
ing and often cell selectivity. They comprise diverse functional molecules with multifaceted properties, consisting of varied 
biological activity. Because of the different amino acids and elements in its structure, their action mechanism is specifically 
altered. Most of the AMPs have been derived from animals, plants and marine sources. They show therapeutic potential, 
yet, their use is limited because of their short plasma half-life. AMP production can be done at reasonable costs with the 
help of biotechnological methods. Thus, discovery of an efficient and long-lasting antimicrobial drugs is awaited as soon 
as these challenges are overcome. The market of antimicrobial peptides is growing at a fast rate. Bioactive peptides from 
natural sources open up new opportunities to discover lead molecules for management of various ailments. This systematic 
review centres around the antimicrobial activity, various properties, mechanism and sources of AMPs along with how these 
properties are exploited for the application of efficient and promising drug agents in pharmaceutical companies. Therefore, 
in this review information about antimicrobial activity, various properties, mechanism and sources of AMPs along with 
how these properties are exploited for the application of efficient and promising drug agents in pharmaceutical companies 
has been discussed.
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Introduction

Peptides are class of pharmaceutical elements which lie 
between small molecules and proteins but differs from both 
of them in therapeutical and biochemical terms. Being an 
intrinsic signalling molecule, it plays a potential role in 
therapeutics similar to the natural pathway networks. Some 
of them are even entitled with ‘‘replacement therapies”, as 
they are supplemented when a particular peptide hormone is 
lacking. This can be further explained by the very first iso-
lation and use of therapeutic insulin in the period of 1920s 
in case of diabetics, where the hormone was not released 
sufficiently (Banting et al. 1922). Moreover, these peptide 

molecules are selective and efficacious signalling molecules 
which bind with the specific cell receptors (on surface) like 
GPCRs (G protein-coupled receptors) or ion channels, where 
the intracellular effects are triggered. Peptides are the most 
excellent initial point for the new drug development. They 
have an attractive pharmacological profile, high specific-
ity and low toxicity due to their tight bonding with targets. 
This specificity has proved to be safe for commercial use 
with respect to the efficacy of human profiles. Penetration 
of peptide drugs surpassing the biological barriers is usually 
achieved by addition of modules with respect to the active 
or passive transport (Teesaluetal et al. 2009). Amino acids 
which are positively charged, being added in the terminal 
positions of its structure, results in the improvement of pep-
tide perforation (Li and Cho 2012). Peptides from natural 
derivatives, such as insulin and adrenocorticotropic hormone 
(ACTH), were the life-saving drugs in the early twentieth 
century. With the onset of sequence interpretation in the 
1950s, chemical isolation and production of peptides became 
feasible along with synthetic oxytocin & vasopressin.
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Peptides from various sources such as animal, plant and 
marine source have wide range of potential and they act as 
therapeutics for future drug development (Li et al. 2010; 
Rosa et al. 2012; Sánchez and Vázquez 2017; Sable et al. 
2017). Peptides which prevents the human host from vari-
ous microbial infection are termed as antimicrobial peptides. 
They are associated with the class of molecules which are 
principally manifested at the interfaces of host and environ-
ment such as oral, gastrointestinal and respiratory passages. 
These particles are predominantly present in these areas in 
order to inhibit invasion of microbes by performing antimi-
crobial function (Hirsch et al. 2008). AMPs are active com-
pounds produced as an essential innate immunological reac-
tion in numerous species. They possess defence mechanism 
in the host through exertion of cytotoxicity on the invading 
microbes which are pathogenic in nature. They also act as 
immune modulators in organisms of higher phyla (Zanetti 
et al. 2004). AMPs are even known for their promising drug 
candidate. This is because of their wide spectrum of activity, 
low toxicity and decreased resistance by the targeted cells 
(Hancock et al. 2002). This broad-spectrum activity is due 
to the specific properties such as charge, hydrophobicity, 
size, and structural stereo geometry. AMPs act as antitumor 
vehicles, drug delivery trajectories, agents triggering mito-
sis, signalling molecules and prophylactic factors in signal 
transmission pathways (Kamysz et al. 2003). Antimicrobial 
peptides are of two types, i.e. NRAMPs (non-ribosomally 
synthesized peptides) which synthesized in the cytosol of 
fungi and bacteria (Grünewald et al. 2006); and RAMPs 
(ribosomally synthesized peptides) which synthesized in the 
ribosomes of eukaryotic of cells (Papagianni et al. 2003). 
Species ranging from prokaryotes to eukaryotes are able 
to synthesize AMPs on their own, since they play natural 
defense of the host when exposed to thousands of pathogens 
(Hassan et al. 2012; Mishra et al. 2017) Even the higher 
classes of eukaryotes synthesize molecules against microbes 
in their defence. AMPs have the potential of killing patho-
genic microbes, consisting of viruses, fungi, bacteria (both 
gram-positive and -negative) and protozoa. When compared 
to standard antibiotics, they have been proven to possess 
bactericidal activity instead of just inhibiting their growth 
(bacteriostatic) (Lohner et al. 2009). AMPs act as a safety 
regulator and enhance immunity which is the unique prop-
erty of these peptides. Since they possess high biological 
activity and are low cost molecules, they are considered as 
a potential candidate for drug development. Therefore, in 
this review, mechanism of action of AMPs, structural char-
acteristics, various source and multidimensional functions 
of AMPs has been discussed.

Antimicrobial Resistance

The discovery of antibiotics was a major breakthrough 
in modern medicine. But due to the antibiotic resistance 
of various microbes in the last few years resulted into 
development of few diseases that cannot be treated with 
the current antibiotics (Fleitas et al. 2016). Therefore, 
antimicrobial resistance (AMR) is termed as the resist-
ance of microbes in response to the agent which they have 
encountered before (Andersson et al. 2016; Maria-Neto 
et al. 2015). AMR develops due to the various factors and 
one such factor is mutation. About 70% of disease-caus-
ing bacteria are resistant to at least one kind of antibiotic 
(Watkins et al. 2016). Majorly, pathogens are resistant to 
the classes of functional antibiotics at clinical levels, thus, 
decreasing the possibility of alternate therapies (Laxmi-
narayan et al. 2013). Natural AMPs are still in primary 
phase for such manifestations; partially aimed at their 
physical and chemical properties along with the activity 
of membrane related characteristics, as amphiphilic nature 
and cationic charge. Globally, multi-drug resistance rates 
have been increasing in bacterial strains which because 
various diseases linked with healthcare. Keeping aside the 
health stress, effect of antimicrobial resistance, also influ-
ence the social and economic situation of a country. Envi-
ronmental factors also pose resistance, due to its harboring 
a varied pool of resistance factors, consisting of resist-
ance genes and genetic components (Berkner et al. 2014). 
Antimicrobial resistance comprises intrinsic or adaptive 
resistance. Intrinsic resistance is the efficiency of microbes 
to withstand antimicrobial therapy because of its innate 
functional characteristics, whereas adaptive resistance is 
the potential of microbes to survive in stress circumstances 
by quickly adapting their transcriptomes in the surround-
ing environment. Adaptive resistance is evolved through 
modification of genomic elements or as an outcome of 
a genetic mutation (Arzanlou et al. 2017). Staphylococci 
species secrete metalloproteases such as aureolysin and 
SepA, along with serine endopeptidases like V8 protease. 
These are known for degrading linear AMPs (human 
cathelicidin LL-37) (Sieprawska-Lupa et al. 2004). Some 
of these groups produce a protease named SpeB which is 
known to fragmentize several host AMPs consisting of 
LL-37 and beta-defensins (Nelson et al. 2011; Frick et al. 
2011). Proteases derived from other gram-positive bacte-
ria like Enterococcus faecalis, and gram-negative bacteria 
like Pseudomonas aeruginosa and Proteus mirabilis have 
also proven to degrade LL-37 (Schmidtchen et al. 2002). 
Pla in Yersinia pestis, OmpT present in Escherichia coli 
and PgtE in Salmonella enterica serotype Typhimurium (S. 
typhimurium) are known to cleave AMPs like protamine, 
LL- 37 and cathelicidin-related antimicrobial peptide 
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(CRAMP) (Guina et al. 2000; Galvan et al. 2008). Some 
species of gram-negative bacteria even degrade AMPs 
after importing by particular transport proteins, amidst the 
intracellular environment, like S. typhimurium and Hae-
mophilus influenzae which give rise to ABC transporter 
encoded by the sapABCDFZ operon, thus increasing the 
bacterial resistance against CAMPs (Mason et al. 2005).

Capsular polysaccharides (CPS) affect AMPs via cap-
turing/repelling them. PIA a polysaccharide intercellu-
lar adhesin (poly-N-acetyl glucosamine) is produced by 
S. aureus, S. epidermidis, along with a variety of other 
bacteria consisting of other Staphylococci and E. coli is 
responsible for the resistance against cationic HBD-3 as 
well as anionic dermcidin (Wang et al. 2004; Vuong et al. 
2004a, b). PIA deacetylation is IcaB-mediated, leads to the 
increase of positive net charge. Thus, results in increased 
repulsion against CAMPs and forming of a mechanical 
barrier (Vuong et al. 2004a, b). P. aeruginosa, Klebsiella 
pneumoniae or Streptococcus pneumoniae showed resist-
ance against CAMPs like HBD-1, polymyxin and HNP-1 
via structural hindrance and electrostatic trapping (Campos 
et al. 2004; Llobet et al. 2008). Even capsules produced 
by the phosphoglucomutase homologue of Streptococcus 
iniae serve an important role in giving resistance against 
AMP produced by fish, namely moronecidin (Buchanan 
et al. 2005). Various surface modifications are also adapted 
by gram positive and negative bacteria via cell envelope 
structures to resist AMPs. The primary molecules include 
anionic polymers attached in the outermost cell surface, 
teichoic acids (TA) in the gram-positive cell wall while 
lipopolysaccharide (LPS) in the gram-negative outer mem-
brane. Primarily, teichoic acid is negatively charged due to 
the presence of disaccharide anchors and phosphodiester-
linked polyglycerol phosphate in gram positive bacteria 
(Bera et al. 2007). Because of the D- alanylation of free 
hydroxyls of repeating sugar residues, it adds a positive 
charge on teichoic acid, thus lowering the attraction of 
CAMPs as shown in S. aureus against nisin, magainin, 
HNP-1,2,3 and gallidermin (Peschel et  al. 1999). On 
the other hand, preventing binding of AMPs with gram 
negative cell surface is obtained via amino sugars, phos-
phoethanolamine (PEA) or glycine which increases the 
positive charge of the anionic LPS component of the other 
membrane (Moskowitz et al. 2004). Bordetella species, 
Acinetobacter baumannii and Francisella novicida tend to 
modify lipid A phosphate with galactosamine/glucosamine 
(Llewellyn et al. 2012; Shah et al. 2014; Pelletier et al. 
2013) thus leading to decrease the anionic properties of 
LPS. Neisseria gonorrhoeae, A. baumannii and S. typh-
imurium attach PEA onto phosphates in lipid A (Pelletier 
et al. 2013; Lewis et al. 2013), along with Vibrio cholerae 
importing glycine into lipid A acyl chains for increasing 

the positive charge and thus diminishing AMP attraction 
(Hankins et al. 2012).

Structural Characteristics of AMPs

These are basically those peptides which are composed of 
hundred or less residues of amino acid, with net charge rang-
ing from + 2 to + 9. It is also displayed by arginine and lysine 
(cationic amino acids) along with a considerable amount 
of residues which are hydrophobic. The physicochemical 
& structural characteristics of these peptides serve a crucial 
part in regulating their specificity with respect to the target 
cells.

Standard structural elements of AMPs provide crucial 
information on the phylogenetic importance of these pep-
tides that play an important role with respect to the origin 
of AMPs (Yount et al. 2004). Antimicrobial PRP i.e. pep-
tide with proline–arginine–proline motif comprises the argi-
nine/proline-rich positively charged peptides (Yount et al. 
2004; Li et al. 2014). These accommodate usually one or, 
sometimes more PRP motif, which thus, influence gram-
negative and -positive bacteria. A glycine rich cationic 
AMP, Armadillidin, has a unique GGGFHR or GGGFHS 
fivefold repeated motifs, with addition of amide group in 
the C-terminal which represents formidable activity against 
Gram-positive bacteria (Herbiniere et al. 2005). Penaeidins 
are delusive peptides which are positively charged, compris-
ing of PRP motifs at their N-terminal (PRP-domain) while 
the C-terminal end has the cysteine rich region (cysteine-
rich domain) with a standard motif binding to chitin, owning 
activity against fungi and gram-positive bacteria (Tassan-
akajon et al. 2011).

Structural and physicochemical properties of AMPs 
play a significant role in targeted cell toxicity. An anti-
microbial peptide namely, Tachystatin was isolated from 
blood cells of Tachypleus tridentatus, a horseshoe crab, 
has proven to display wide spectrum of antimicrobial 
range against gram-negative and -positive bacteria along 
with fungi (Osaki et al. 1999). Tenecin 1, an empirical 
peptide derived from the larval stage of Tenebrio molitor 
also possess antibacterial activity (Lee et al. 1998). It 
has both the fragments, α-helix and β-sheet at its C- and 
N-terminals which display the efficient antimicrobial 
activity especially with respect to gram-positive bacteria. 
A study reveals how the production of such peptides have 
displayed that the domain of β-sheet at C-terminal of tene-
cin 1 is majorly accountable for the antibacterial as well 
as antifungal activity. The entry of these peptides inside 
the protoplasm was via ATP independent or dependent 
mechanisms. Also, AMPs that comprise cationic amino 
acids usually incite endocytic pathways that are energy 
dependent, such as macropinocytosis. Whereas, other 
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peptides such as maganin & marine metagenome-derived 
peptide1 enter into the cells via direct cell-penetration 
mechanism that is, energy independent (does not require 
ATP) (Guterstam et al. 2009; Pushpanathan et al. 2012; 
Park et al. 2000). Apart from this, AMPs, derived from 
natural sources are not reformed for potent activity and 
thus, should be enhanced using various strategies, before 
it can be used as commercial therapeutics. Some of them 
tested recently for efficient production of AMPs were 
adjusting the peptidal structures through cyclization, or 
hydrophobicity of the peptide by tagging or by elevat-
ing the charge. Methods involving random mutagen-
esis improve the quality of naturally derived AMPs by 
replacement or addition or deletion of single residues or 
more, N- or C-terminal truncation or by chimeric peptide 
generation via combining the above-mentioned methods 
(Pasupuleti et al. 2009). Also, in addition to this, cross 
links or covalent lactam bonds chemically induced in 
them provide methods to introduce constraints which are 
conformational and which converses newer properties in 
AMPs (Osapay et al. 2000). The activity of AMPs being 
antimicrobial could also be intensified via changes in 
their persistent structural manufacturing, by adjusting the 
flexibility or the hydrophobicity of secondary structures 
of peptides (Fig. 1).

Mechanism of Action

Antimicrobial activity of AMP is particularly linked with 
its corresponding amino acid composition and phys-
icochemical characteristics. Variations in the sequence 
of peptide residue generally results in major impacts 
on the antimicrobial activity (Malanovic et  al. 2016). 
Mechanisms of AMPs depends on the diversity of tar-
get microbes, especially gram bacteria (Malanovic et al. 
2016). The composition of cell walls of different bacte-
ria also affects the mechanism of AMPs. The initial step 
of any mechanism is the interaction at molecular level 
between the anionic molecules present on the cell mem-
brane and peptides. The force responsible for this intercon-
nection is the electrostatic force conferred by the peptide. 
They destroy bacteria by interfering with some of the 
major pathways present inside the cell which are crucial 
for survival such as protein synthesis and DNA replication 
(Brogden et al. 2005). There are two ways through which 
an AMP enters into the cell. The first is an uncertain trans-
location process through the membrane and second one is 
primarily due to the secondary structure of peptide which 
leads to formation of pore in the membrane. Therefore, 
AMPs destroy the target cells by membrane damage or by 
disruption of lipid bilayer (Lohner et al. 1999).

Source of AMPs

AMPs are synthesized by various sources such as animals, 
plants, bacteria, insects and marine organisms. Animal 
derived AMPs were initially discovered in invertebrates 
and later on found in vertebrates also. These peptides pos-
sess diverse sequences, structures and mechanisms (Li 
et al. 2012). Toxins from plants, animals, marine sources 
are natural and rich in biological molecules (Seyfi et al. 
2019). In addition to natural sources, these AMPs can be 
produced synthetically (Fjell et al. 2012). AMPs that are 
produced by synthetic methods include culturing of indus-
trial microorganisms, genetically modified organisms, 
enzymatic hydrolysis of proteins and separation from natu-
ral sources. With the advancement of protein engineering, 
modification in species is continuously improving.

Animal Sources of AMP

Numerous antimicrobial peptides are present in domes-
ticated animals which show their expression in many 
tissues such as, mucosal epithelial cells, polymorphonu-
clear leukocytes and macrophages (Brogden et al. 2003). 
AMPs have a wide spectrum, with efficient antimicrobial 
properties against both veterinary and human pathogens. 
Domesticated animals play a valuable provenance of these 
peptides. They also act as a model for testing the potency, 
immunological properties and wound healing effects for 
AMPs.

Animals who exploit toxic proteins and peptides in 
order to predate are typically dependent on special struc-
tural modifications, like spines, fangs, or a stinger, for 
efficient intoxication. During an attack on a venomous or 
poisonous animal because of a predator, it generally has 
an instantaneous moment to release its toxins and thus, 
generate a reaction in its defence in order to protect itself. 
Therefore, animals secrete toxins carrying immediate 
impacts like distastefulness, or pain, or molecules having 
integral effects depending on rapid intrusion on the preda-
tor’s body (Nelsen et al. 2014). Most of the frog species 
release comparatively bigger molecules along with integral 
targets, such as proteins (approximately 0.5–2 kDa) and 
even small proteins (ranging from 4 to 8 kDa) (Xu et al. 
2015; König et al. 2015). Besides just secreting toxins, 
many species of frogs even produce antimicrobial peptides 
that are able to destroy a wide group of microbes via cell 
lysis (Conlon et al. 2011). It was considered that AMPs are 
a constituent of innate immunity of amphibians, and stud-
ied mainly in view of their efficiency against pathogens 
which are clinically important (Xu et al. 2015). A study 
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explained a substitute role in the matter of antipredator 
defence. It was foretold that AMPs were able to permeabi-
lize the epithelial tissue of predators by cytolytic activity, 
to ease toxin delivery (König et al. 2015). Evidence for 
this conjecture highlights a long-neglected consequence 
of AMPs derived from amphibians that apart from just 
innate immunity it gradually changes our opinion of their 
contribution for survival of an amphibian. In vitro experi-
ments have also shown how frog AMPs elevate toxins’s 
transepithelial passage. Large proportion of the studies 
done on amphibian skin-secreted peptides conclude how 
they have predominant pharmacological scope, which aims 
to identify their physiological effects as well and not just 
their natural delivery procedures. On further researching 
the intoxication, it results in two major conclusions. First, 
evidence searches for the function of AMPs derived from 
amphibians, outside the immune system. Because of its 
expression and pore-forming ability on skin, AMPs are 
likely to play double roles, in innate immunity and anti-
predator defence. Its cytotoxic activity also causes pain 
on oral mucosa or irritation, thereby resulting in a quick 
effect on some of the predators (Xu et al. 2015; Conlon 
et al. 2014; Conlon et al. 2007). Second, toxin systems 
depend on epithelial absorption comprising various fea-
tures that maximize the intoxication effect. The secretion 
of high levels of toxin further elevates the probability of 
toxin being effective, obtained in the predator’s body even 
when a minor percentage gets absorbed (Negri et al. 2006).

Scorpio venoms are also a potential source of AMPs. A 
study reported that venom of scorpion was a rich source of 
ion channel blockers i.e. biologically active particles. It has 
been rapidly identified as an ample supply of AMPs. They 
can also prevent infection in the gland storing the venom 
and further ease neurotoxic action (Hernandez-Aponte et al. 
2011). The peptides developed by the scorpion venom are 
cationic amphipathic peptides. AMPs rich in cysteine are 
omnipresent in venoms of scorpion and also consist of three 
or four disulphide bridges. Such agents were recognized as 
those having connections with sodium, potassium, calcium 
and chloride ion channels. They comprise the largest pep-
tide family of venoms as compared with the non-disulfide 
bridged peptides. Since peptides extracted from scorpions 
are seen to be a member of the non-disulfide bridged family, 
disulphide bridged peptides, on the other hand, have fas-
cinating biological activities. The similarity to be noted is 
between the scorpion toxins and insect defensins (Bontems 
et al. 1991) resulting in extraction of the very first scorpion 
defensin, derived from haemolymph of Leiurus quinques-
triatus. Thus, this AMP acts against M. luteus, but doesnt 
effective against E. coli (Cociancich et al. 1993). AMP dis-
covered by scorpine (scorpion venom) was extracted through 
the venom of Pandinus imperator, (Conde et al. 2000). 
Scorpine has a unique configuration comprising similar 

N-terminals with few of the insect ceropins and similar 
C-terminals with certain scorpion defensins. Around six 
peptides have also been derived by the venom of Tityus dis-
crepans containing four disulphide bridges, and known as 
bactridines (Diaz et al. 2009).

A long chain peptide, derived from Parabutoporin 
schlechteri, the South African scorpion venom was par-
ticularly regular in nature (Ortiz et al. 2015). Assays (anti-
microbial) conducted on this peptide showed how it was 
responsible for inhibition of growth of most gram-negative 
bacteria and minimum inhibitory concentration varied from 
1 to 6 mM. It also displayed low functioning in gram-pos-
itive bacteria with MIC being usually more than 25 mM. 
Also, it was recorded that a decrease in inhibition of growth 
was seen when magnesium ion was present (Moerman et al. 
2002). A totally newly discovered class of AMPs derived 
from scorpion has been recorded from the venom gland of 
Heterometrus spinifer, (Nie et al. 2012). It has wide spec-
trum activity against both Gram-negative organisms (MIC 
approximately 25–50 mM) and Gram-positive (MIC ranging 
from 11 to 50 mM) without certain specificity of target-cell 
and also possess antifungal activity (MIC being 50 mM). 
The first short chain antimicrobial peptide was extracted 
from the venom gland of Opisthacanthus madagascariensis 
(Dai et al. 2006). The precursor of this peptide comprises a 
pro-sequence present at C-terminal with processing signals. 
It showed a wide spectrum against most both gram-negative 
and -positive (MIC approximately 0.6–16 mM). When ana-
lysing the short chain AMPs, derived from scorpion, through 
helical wheel projection, it suggested amphipathic nature 
with unclear “polar pocket” amongst the structures. But, 
on the other hand, it was proven that C-terminal amidation 
elevates its activity and increases cationic charge (Strand-
berg et al. 2007).

AMPs derived from insects possess short-lived humoral 
immunological reactions, for example, via high peptide 
amounts in the haemolymph, that lasts longer with respect to 
the initial cellular responses and that operate as a substitute 
against diseases (Makarova et al. 2016). Large reservoirs of 
AMPs are extracted from insects in comparison with any 
other taxonomic groups. The number for each of these differ 
from one another. Harmonia axyridis, meddlesome ladybird 
produces around 50 AMPs (Vilcinskas et al. 2013), Acyrtho-
siphon pisum, a pea aphid, on the other hand does not pro-
duce any known AMPs (Gerardo et al. 2010). These AMPs 
are further related with environmental threats faced during 
evolution, that is, those which are subjected to higher num-
ber of diverse pathogens are expected to have been adapted 
to a wider range of AMPs (Vilcinskas et al. 2013; Altincicek 
et al. 2007).These AMPs also show an extraordinary evo-
lutionary flexibility in the coding genes with respect to the 
losses, operational shifts and gains. This encloses replication 
along with contrasting advancement of these peptides, which 
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can thus proceed into contemporary operations of the final 
manifolds (Sackton et al. 2007). The very first AMP derived 
was cecropin, derived from an insect Hyalophora cecropia, 
the giant silk moth’s larvae. Being an α-helical AMP, it is 
linear and effective against gram-negative bacteria (Steiner 
et al. 1981). Discovering the evolutionary aspect of AMPs 
with respect to the insect, two prime drawbacks have been 
reported (Misof et al. 2014). First, they exist a consider-
able level of partiality in the interest of insect taxa with 
abundance of data sequencing and in opposition with the 
branches which are distinctly diminished. The second one 
being the identification of homology amidst genes of AMP. 
Their frequent gain and loss during evolution, short length 
as well as significant variation between species influence 
the recognition and distinction of AMP families (Vilcinskas 
et al. 2013; Sackton et al. 2007; Waterhouse et al. 2007). 
Thus, existing taxon- specific and widespread AMP families 
can be revealed by their mapping on the phylogenetic tree of 
insects. Further details for animal source AMPs mentioned 
in Table 1.

Plant Sources Used for AMP Production

AMPs derived from plants, are constituent of plant barrier 
defence systems. They could be extracted from various plant 
parts such as roots, seeds, flowers, leaves and stems and 
present in broad diversity of genus and species. They are 
also involved in phytopathogen activities and possess anti-
bacterial responses against various microbes including those 
which are pathogenic to humans (Montesinos et al. 2007). 
Thus, these AMPs are potential antibiotic compounds with 
significant application in the field of biotechnology. They 
are categorized into various families, sharing basic charac-
teristics such as presence of disulfide bonds, positive charge, 
and target mechanism of action in the external membrane 
structures. Plant AMPs are tissue-specific and susceptible 
to evolution since they have sequences which are hypervari-
able, enclosed in a specific scaffold characteristic of the cor-
responding AMP family (Tam et al. 2015). Plant AMPs are 
classified based on their similar genetic sequences, cysteine 
rich motifs and disulfide linkages which provide informa-
tion about their folding of tertiary structure. These include 
families like thionins, plant defensins, snakins, knottin-type 
and hevein-like proteins, α-hairpinin families, etc. Further 
details for plant source AMPs mentioned in Table 2.

Thionins

This is an AMP family rich in lysine, arginine and cysteine 
components having less molecular weight. A single dou-
ble-stranded β-sheet and two α- helices, both being antipar-
allel, together builds the structure along with disulfide 

linkages (three to four). Initially, they were termed as tox-
ins isolated from plants due to their lethality towards fungi 
(Ebrahimnesbat et al. 1989), bacterial species (Fernandez 
de Caleya et al. 1972), plant and animal cells (Evans et al. 
1989), along with larvae of insects (Kramer et al. 1979). 
The compound responsible for antimicrobial activity of 
thionin was α-purothionin which was extracted from the 
wheat endosperm (Fernandez de Caleya et al. 1972). They 
are hydrophobic in nature and induce their toxicity in fungi, 
bacteria, as well as animal and plant cells through intercon-
nections of membranes along with their corresponding con-
stituents which were hydrophobic and carry positive surface 
charge (Stec et al. 2006; Mander et al. 2010). Thionin is able 
to directly come in contact with membrane lipids, keeping 
aside the protein receptors (Richard et al. 2005). Pyrularia, 
an example of thionin, extracted from Pyrularia pubera, 
carries out calcium ion inflow during some of the cellular 
reactions, meanwhile, iodination of tyrosine lowers down 
the cytotoxicity along with the process of hemolysis (Evans 
et al. 1989). Their toxicity was assumed to elevate from 
membrane lysis of the cells to be attached with. Although, 
the proper procedure responsible for the virulence still is not 
known as for now.

Defensins

Defensins are well known with respect to their abundance 
in area of membranolytic functions, among all plant AMPs. 
These are additionally produced in the biotic stress reac-
tion along with plant growth and evolution. They can also 
attach with the membranes of microbes via interacting with 
receptors (Thevissen et al. 2000, 2004). Binding of these 
with the cell membrane ends up in the efflux and influx of 
calcium and potassium ions (Thevissen et al. 1996, 1999). 
The initial plant defensin was extracted from Triticum aes-
tivum along with Hordeum vulgare and also grouped in the 
class γ- thionins. Defensins have two classes, the first being, 
precursor protein, comprises amino signal peptide which tar-
gets the extracellular space; and second having C- terminal 
prodomains. Other features include characters related with 
growth regulation, development and fertilization (Oomen 
et al. 2011).

Snakins

These peptides are extracted from potato tubers and 
include snakin-1 and snakin-2 which contains 63 amino 
acid residues and it’s a cell wall-associated peptide which 
shows antimicrobial activity. They show 38% sequence 
similarity and possess almost similar antimicrobial prop-
erties against fungus and bacteria of vivid plant species. 
All snakins contain twelve reserved residues of cysteine 
along with six disulfide bonds (Segura et al. 1999). Snakin 
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mode of action is still unknown, although they do avoid 
interaction with artificial membranes of lipids. Snakin-1 
gene derived from Solanum tuberosum is essentially dis-
played in various tissue development and doesn’t react to 
biotic or abiotic stresses. Snakin-2 gene induces charac-
teristic response to pathogenic infection. These peptides 
are fundamentally cysteine rich, forming six disulphide 
bridges, thus stabilizing its structure (Berrocal-Lobo et al. 
2002). Snakins showed antimicrobial activity against both 
Gram-negative and -positive bacteria, hence, are identified 
as plant defence constituents of inducible barriers. Their 
functional aspects are not specifically explained and very 
little is known about its mode of action. Most of these 
genes are operated by phytohormones and their participa-
tion was seen in hormonal signalling pathways (Nahirñak 
et al. 2012).

Hevein‑like Plant Proteins

These peptides are isolated from lutoid bodies of Hevea 
brasiliensis latex that originated from rubber trees (Van 
Parijs et al. 1991). It binds to chitin and inhibits the hyphal 
growth of fungus. Other such peptides having antimicro-
bial properties have been recognized in many plant species 
(Koo et al. 1998; Kiba et al. 2003; Huang et al. 2004; Porto 
et al. 2012). These AMPs have variable disulfide bonds, out 
of which, most of them contain eight residues of cysteine, 
establishing four disulfide bonds; hevein homolog extracted 
from Pharabitis nil and Avena sativa seeds (Li et al. 2003). 
Apart from this, they contain six residues, derived from 
seeds of Ginkgo biloba or Amaranthus caudatus (Huang 
et al. 2000). Few hevein-like AMPs have ten cysteine resi-
dues and extracted from the bark of Euonymus europaeus, 
Eucommia ulmoides and seeds of Triticum kiharae (Van den 

Table 2  AMPs from different plant source

Source of organisms Peptide name Pharmacological 
activity against

Inhibition concentra-
tion

References Toxicity

T. aestivum, Hordeum 
vulgare

Plant defensins Bacteria, oomycetes, 
yeast, and necro-
trophic pathogens

0.6–128 μg/ml Fernandez-de Caleya 
et al. (1972)

–

Mirabilis jalapa and 
P.americana

Knottin-type peptides Antifungal 0.06–64 μg/ml Gao et al. (2001), 
Nguyen et al. (2011)

Cytotoxic to HeLa cells

Potato tubers Snakins Antibacterial 7.65–28.8 μg/ml Berrocal-Lobo et al. 
(2002)

–

Hevea brasiliensis Hevein-like proteins C.albicans, 
C.tropicalis and 
C.krusei

12–190 μg/ml Kiba et al. (2003) –

P. pubera Type II thionins(α-
hordothionin and 

β-hordothionin)

Antibacterial – Stec et al. 
(2006),Evans et al. 
(1989)

Toxicity against cervi-
cal cancer cells

Helleborus purpura-
scens

Type V thionins
(Hellothionin D)

Antibacterial – Stec et al. (2006) Toxic against tumoral 
cells

Viscum
album,
Phoradendron tomen-

tosum, Phoraden-
dron

liga

Type III thionins;
Viscotoxins,
Phoratoxins, and
Ligatoxin

Antibacterial – Pelegrini et al. 
(2007), Büssing 
et al. (1999)

Cytotoxic against 
human lymphocytes

Crambe abyssinica Type IV 
thionins(crambins)

Antibacterial – Stotz et al. (2009) –

Poaceae Type I thionins 
(purothionins)

Xanthomonas pha-
seoli, Pseudomonas 
solanacearum, and 
X. campestris;

Corynebacterium 
flaccumfaciens, 
Erwinia amylovora, 
C. sepedonicum,

C. michiganense, C. 
poinsettiae and C. 
fascians

1 mug/ml- 540 mug/
ml

Nawrot et al. (2014) –
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Berg et al. 2002; Huang et al. 2002; Odintsova et al. 2009). 
Hevein is the perfect prototype for researching the carbohy-
drate- peptide linkage, because it’s a chitin binding motif. It 
was also reported that its mediation takes place with the help 
of hydrogen bonds and van der Waals forces (Asensio et al. 
2000; Chavez et al. 2010). The interaction of π-electrons of 
aromatic amino acids of hevein-like peptides with the C-H 
groups (hydrophobic) of carbohydrates results into bind-
ing of chitin. Apart from this it has an alternative function, 
where it serves a role of plant defence against infections 
caused by fungus (Slavokhotova et al. 2014).

Knottin‑like Proteins

They belong to the member of a superfamily, which con-
sist of inhibitors of trypsin, α-amylase, carboxypeptidase 
and cyclotides. Generally, their sizes are small but possess 
diverse functional among the plants. These types of antifun-
gal peptides were extracted from Phytolacca americana and 
Mirabilis jalapa (Cammue et al. 1992; Gao et al. 2001). A 
characteristic feature of such family is that they show a wide 
diversity of bioactive operations such as enzyme-inhibitory, 
insecticidal, antimicrobial, cytotoxic, and anti-HIV activities 
as well as hormone-like functions (Pallaghy et al. 1994). 
Previously, discovery of these peptides was done as protease 
inhibitors with a cysteine motif. Therefore, termed as cys-
tine-knot inhibitor peptides. This prototype was first noted in 
1982, in the PCI (potato carboxypeptidase inhibitor) (Rees 
et al. 1982). The disulfide bonds present in such scaffolds are 
significant in order of maintaining the enzymatic & chemi-
cal consistency. Such AMPs are also amphipathic in nature, 
along with membranolytic functions. This is the character-
istic required for the interaction of membranes, which leads 
to the antimicrobial action. It is also a perfect alternative 
for peptide-based pharmaceutical engineering application 
because of various features such as (1) excellent thermal, 
chemical and proteolytic stability; (2) chemical feasibility 
because of the small size; and (3) proper maintenance of 
sequence because of the variation of loop areas (Wong et al. 
2012).

Marine Sources Used For AMP Production

Marine organisms produce naturally derived antibacte-
rial compounds because of its initial response against for-
eign organisms for survival. Peptides derived from marine 
sources are a rich source of new antimicrobials. Structurally, 
marine AMPs vary from their substitutes, originating from 
terrestrial species (Cheung et al. 2015). Also, their antimi-
crobial activity depends on their interaction (electrostatic) 
with bacterial surface carrying negatively-charged particles. 
Free ions generated due to the heavy saline concentrations 

in the medium surrounding them, in the cases of certain dis-
eases, can potently reduce the interaction as well as the anti-
microbial activity (Falanga et al. 2016). These AMPs have 
evolved over time and can sustain in these high salt concen-
trations of sea water with the help of replacement, by lysines 
in the place of arginines. Thus, these species are reservoirs 
of biologically active compounds for betterment of thera-
peutic options. Such AMPs are different from each other on 
the basis of pI (isoelectric point), length, hydrophobicity, 
amphipathicity, secondary structure, and antimicrobial prop-
erties. Apart from the variability of marine AMPs, existence 
of certain key features is prevalent, which are common in 
most of them, thus leading to a wide classification based on 
structural and biochemical properties (Otero-González et al. 
2010), such as (1) linear & helical peptides; (2) linear-helical 
peptides containing specific kind of amino acid (proline, 
tryptophan, or glycine rich peptides); (3) proteins forming 
hairpin-like structures/sheets and regulated via intramo-
lecular disulfide bonding; and (4) cyclic peptides. AMPs 
derived from marine sources have been adapted to survive 
in presence of high saline conditions and protease activity. 
These peptides exploit the post-translational modifications in 
order to AMPs having high maintenance and efficiency, for 
medical treatments in humans. These modifications also help 
marine species; by inducing structural changes such as fold-
ing in scaffolds which are required for the interconnection 
between targeted bacterial cells and peptidal membranes, 
and also maintain proper stability (Wang et al. 2012). These 
changes include: bromination, sulphidation, chlorination, 
modification of selected amino acids, amidation at C-termi-
nal, etc. Further details for marine source AMPs mentioned 
in Table 3.

Aurelin

Aurelin is isolated from Aurelia aurita which contains three 
disulfide bonds (Ovchinnikova et al. 2006; Shenkarev et al. 
2012). Another class of such AMPs are arenicins which 
possess antibacterial activity against P. aeruginosa and S. 
aureus (Lee et al. 2007; Ovchinnikova et al. 2004, 2007). 
Another class of marine AMPs, Mylitin, loses its proper-
ties against microbes when its structure containing cysteine 
is destroyed since that counts for structural stability (Roch 
et al. 2008). These are more active in response to antibacte-
rial activity against gram-positive bacteria and less active 
against Gram-negative bacteria and fungus. Aurelin display 
wide diversity against bacteria, which can due to two mode 
of action i.e. (a) peptide toxin which blocks potassium ion 
channels, (b) membrane operative antimicrobial peptide 
(Shenkarev et al. 2012). They have shown no homology 
sequences with any previously recognized AMP, but exhib-
ited certain resemblance with respect to defensins along with 
toxins blocking K- channels of sea anemones. They are also 
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identified for inhibition of T-lymphocyte membrane through 
potassium channels which are voltage- gated, owned by the 
ShK toxic domain family (Ovchinnikova et al. 2006).

Hepcidins

These are peptides rich in cysteine, extracted from Oreo-
chromis mossambicus and possess 50–100 μg/mL range of 
MICs against S. aureus, Enterococcus faecium and L. mono-
cytogenes (Huang et al. 2007). Its basic structure contains 
four to eight residues, rich in cysteine and disulfide bonds 
(two to four). These contain antimicrobial attributes which 
serve significant purposes in providing resistance against 
any pathogenic infection. Fish hepcidins show antimicrobial 
activity against a wide variety of bacteria and display mainly 
potent activity against fish pathogens.

Damicornin

It is an AMP containing 40 residues, derived from Pocil-
lora damicornis (Vidal-Dupio et al. 2011). It is positively 
charged, amidated at C-terminal and recognized by six 
residues rich in cysteine, linked with three intramolecular 
disulfide bridges. Such an array of cysteine residues is 
common with another class of AMPs and toxins extracted 
from cnidarians (Vidal-Dupiol et al. 2011). It shows reac-
tion against gram-positive bacteria (B. megaterium, M. 
luteus, Brevibacterium stationis, S. aureus and Micro-
bacterium maritypicum; MIC = 1.25–20 μM) along with 
Fusarium oxysporum fungus (MIC = 20 μM), whereas neg-
ligible response against Gram-negative species. Its genetic 
expression was controlled with a concomitant ectodermal 
cell of host by Vibrio coralliilyticus (Vidal-Dupiol et al. 
2011).

Table 3  AMPs from different marine source

Source of organisms Peptide name Pharmacological activ-
ity against

Inhibition concentra-
tion

References Toxicity

Tachypleus tridentatus Tachyplesin I E. coli, S. thyphimu-
rium and S. aureus

0.6–6.3 μg/mL Kawano et al. (1990)
oKuzmin et al. 
(2017);

Paredes-Gamero et al. 
(2012)

Cytotoxic proper-
ties with respect to 
human tumor cells

Parasilurus asotus Parasin I E. coli, P. putida, S. 
enteriotidis, B. sub-
tilis, S. aureus and S. 
mutans

2–4 μg/mL Park et al. (1998) –

Callinectes sapidus Callinectin E. coli 1.44 μM Koo et al. (1998) –
Penaeus annamei Penaeidins A. viridans and B. 

megaterium
0.3–2.5 μM Destoumieux et al. 

(2000), Meng et al. 
(2014)

Toxic against kidney 
cancer cells

Nereis diversicolor Hedistin S. aureus and Vibrio 
alginolyticus

0.4–1.6 μM Tasiemski et al. (2007) –

Pacifastacus lenius-
culus

Astacidin 1 and 2 S. flexneri, P. vulgaris, 
E. coli, P. aerugi-
nosa, B. megaterium, 
S. aureus, B. subtilis 
and M. luteus

0.5–15 μM Jiravanichpaisal et al. 
(2007)

–

Strongylocentrotus 
droebachiensis

Strongylocins E. coli, L. anguillarum, 
S. aureus and C. 
glutamicum

1.3–5 μM Li et al. (2008) –

Carcinus maenas Crustins P. aeruginosa, V. 
alginolyticus and M. 
luteus

1.5–49.6 μM Imjongjirak et al. 
(2009)

–

Pocillora damicornis Damicornin S. aureus, M. luteus, B. 
megaterium, B. sta-
tionis, M.marytipicum 
and fungus Fusarium 
oxysporum

1.25–20 μM Vidal-Dupiol et al. 
(2011)

–

Aurelia aurita Aurelin Both Gram-positive 
and -negative bacteria

10–40 μM Shenkarev et al. (2012) –

Achatina fulica Mytimacin-AF Same as Aurelin 1.9 μg/ml Zhong et al. (2013) –
Mytilus coruscus Myticusin-1 Gram-positive bacteria  < 5 μM Liao et al. (2013) –
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Mytimacin

It is a peptide isolated from marine molluscs, specifically 
from Achatina fulica snail. Such peptides are distinguished 
by richness of cysteine composition and eighty amino acid 
residues, ten out of which are cysteine residues. Mytima-
cin-AF is capable of fighting against both Gram-negative 
and -positive bacteria, although it is more efficient against 
Staphylococcus aureus with MIC value around 1.9 g/ml. 
Furthermore, its activity against Klebseilla pneumonia is 
also promising (Zhong et al. 2013).

Myticusin

Another kind of cysteine-rich peptide, Myticusin-1 was 
extracted from mussels, and characterized from the hemo-
lymph of Mytilus coruscus. Its contribution regarding the 

host immunological reaction was proved, hence it serves 
as an important antimicrobial agent. This peptide was more 
active against Gram-positive bacteria as compared with 
Gram-negative bacteria, as it showed MIC value lesser than 
5 mM in response to the diversity of Gram-positive tested 
strains, such as S. aureus, when compared with MIC value 
greater than 10 mM in response to -negative bacteria, such 
as E. coli (Liao et al. 2013).

AMPs from Marine Invertebrates

The class of invertebrates originating through marine 
sources defend themselves against pathogens mainly through 
innate immunity. Vital elements such as immunological 
memory, antibodies, lymphocytes and identification of self 
and non-self-cells are absent in such organisms. But they 
are able to combat surrounding pathogens. Its humoral 
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Fig. 1  Structural features of AMPs (Diamond et al. 1991; Pushpanathan et al. 2013; Li et al. 2014)
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immunity is based on the amount of antimicrobial agents 
present in haemocytes and blood plasma. Their cellular 
immunity depends on their reactions with respect to cell 
defence, including phagocytosis, encapsulation and nodule 
formation (Mydlarz et al. 2006). The cellular constituent 
of immunity of marine invertebrates is regulated by mobile 
cells that causes cell lysis of microbes and hemocytes via 
secretion of cytotoxic substances as well as soluble antimi-
crobial substances in the hemolymph (Mitta et al. 2000). 
Marine derived AMPs have characteristics which carry bio-
medical significance, thus, making them interesting alterna-
tives for rational drug designs and pharmaceuticals with a 
large potential in biotechnological and pharmaceutical areas.

Multidimensional Features of AMPs

Their interaction with various bacterial cell membranes 
make them capable of playing the role of flexible effector 
molecules. AMPs have a variety of properties which make 
them useful. Greater inclination of tumour cells with the 
cationic membrane activates AMPs because of their inflated 
amount of negatively charged phosphatidylserine elements, 
present on their cell membranes. Thus, it is fascinating 
to make normal cells a preferable candidate for AMP as 
antitumor agents (Utsugi et al. 1991). A report suggested 
that exhibition of tumoricidal activity against carcinoma 
and melanoma cells has been seen, both under in vivo and 
in vitro conditions. Generally, it is seen that higher levels 
of these peptides are required in order to reach the favour-
able tumoricidal activity as studies show that cytotoxic-
ity of tumour cells is detected only at those levels mainly 
because of the incapability of magnesium ion binding in 
the membrane along with its further entry. Also, they are 
slightly more prone to modification via proteases present 
in the matrix (extracellular) of tumour cells, thus leading 
in dropping of the tumoricidal activity (Muller et al. 2002). 
Further, this issue was dealt by genes encoded by AMPs, 
right into the tumour cells or with replacing of their D-amino 
acids and improvisation via amidation of peptide terminal, 
in the place of peptidal amino acids.

Another role of AMPs is that it acts as Host defence pep-
tides (HDPs), which are small positively charged AMPs 
assembled from the immunological systems of those spe-
cies who serve an important role in providing innate immu-
nity (Steinstraesser et al. 2011). Most of these HDPs help 
in the inflection of host immune response and play the role 
of modulators with signal transduction cycles via adjusting 
intracellular activity of signalling targets as protein kinases. 
Apart from their antimicrobial and immune regulating 
mechanisms, these peptides play a vital role in immune 
neuroendocrine interactions. They take part in the patho-
genesis of corticostatic reactions (stress action) as well as act 

as administrative peptides (Kokriakov et al. 2006). At their 
subinhibitory concentrations, AMPs are able to activate vari-
ous genes which take part in signal transduction networks. 
In this matter, sigma factors of RNA polymerases are crucial 
components for the determination of promoter selectivity. 
The substitution of sigma factor in place of another one can 
deflect the cell’s RNA polymerases to generate gene tran-
scription. The extra cytoplasmic function, that is ECF sigma 
factors are defined as the short regulatory proteins, varying 
in sequence and correlated to other factors which operate as 
anti-sigma elements, attaching and inhibiting cognate sigma 
factors after receiving a stimulus from the surrounding (Hei-
mann et al. 2002) (Fig. 2).

Therapeutic Studies of AMPs

AMPs tend to show a wide spectrum of antibacterial activity 
comprising MDR pathogens. This leads to the lower risks 
of development of resistance which is required for them to 
be qualified as drug candidates. In the past few decades, 
natural AMPs have been used for commercial use after vari-
ous attempts and none of them including linear peptides. At 
present, even AMPs, synthetically derived, have not been 
finalized by the FDA. Many of the peptide antibiotics pro-
duced from clinical use are mostly isolated from Bacillus 
species. Some of such peptides are polymyxin, bacitracin, 
tyrothricin and gramicidin (Sumi et al. 2015). The first AMP 
used for clinical purposes was Tyrothricin, consisting of 
tyrocidine (main component) and gramicidin. Another natu-
rally obtained AMP, Nisin was isolated from Lactococcus 
lactis, which showed efficient activity in response to gram-
positive bacteria, specifically mastitis pathogens. Because 
of the minimal toxicity, it has also been approved for food 
preservative use in 48 countries, particularly as dairy prod-
ucts (Deegan et al. 2002). Bacitracin (cyclic polypeptides), 
executed commercially as a combination drug, comprises 
polymyxin along with neomycin (Neosporin ™) for the pur-
pose of topical treatment of skin & eye illnesses. Moreo-
ver, bacitracin has also shown nephrotoxicity (Awais et al. 
2007). Another AMP daptomycin, a lipopeptide (cyclic), is 
used for treating the infections associated with MDR Gram-
positive pathogens (Humphries et al. 2013). Polymyxin B 
and E (cyclic lipopeptides), termed as colistin, have shown 
their antimicrobial activity against gram-negative bacteria, 
and used for therapeutic purposes. They are also considered 
as the last-line or final therapy associated with MDR gram-
negative infections (Rabanal et al. 2017). Most of the AMPs 
fail in the preclinical tests during the last phase, specifically 
because of their high probability of degradation as well as 
unexpected toxicity. Hence, pharmaceutical companies only 
used them for therapeuctic application. Majorly, AMPs in 
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the current scenario, target skin infections associated by 
gram-positive bacteria.

AMPs in clinical trials

AMPs in Preclinical Trials

MU1140 is a lantibiotic (major source being Streptococcus 
mutans), targeted against gram positive bacteria, especially 
C. difficile with its administration still unspecified (Gho-
brial et al. 2009). Another lipopeptide, HB1345 targets 
broad-spectrum antibiotics and its administration is topical 
(https ://helix biome dix.com/antii nfect ive.html). A synthetic 
antimicrobial namely, Novarifyn (NP432) mainly targets 
E. coli, P. aeruginosa, A. baumannii and C. difficile along 
with topical administration (https ://www.novab iotic s.co.
uk/pipel ine/novar ifyn-np432 ). Arenicin (AP139) is another 
antimicrobial peptide with source being Lugworm Arenicol 
marina and targets gram negative bacteria with unspecified 
administration (Andra et al. 2008). Arenicin analog, AP138 
targets MRSA implant infections and has also an unspecified 

administration (https ://adeni umbio tech.com/pipel ine/). Avi-
docin and purocin are modified R-type bacteriocins who tar-
get both gram positive and negative bacteria and both of 
them involve oral administration (Gebhart et al. 2015).

AMPs in Phase I Clinical Trials

NVB-302 an antibiotic targets C. difficile and involves in 
oral administration (Crowther et al. 2013). BAL30072 is 
an antimicrobial peptide with monobactam being its lead 
compound and it targets both gram positive and negative 
bacteria with penicillin-binding protein being its mechanism 
of action (Sutcliffe et al. 2011). Another peptide NVB302 
contains deoxyactagardine B (that is, Type B lantibiotic) 
and targets gram positive bacteria via lipid II binding as its 
mode of action (Hochlowski et al. 1987). LCB01-0371 is a 
peptide comprising oxazolidinone and targets gram positive 
bacteria by inhibiting the protein synthesis (Theriault et al. 
1987). Aztreonam contains Monobactam and it targets gram 
positive bacteria by Penicillin-binding protein (Silver et al. 
2008). Avibactam contains diazabicyclooctane and it acts on 

Fig. 2  Applications of AMPs
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gram negative bacteria by inhibiting β-lactamase (Boucher 
et al. 2009).

AMPs in Phase II Clinical Trials

C16G2 a synthetic peptide targets to prevent tooth decay 
caused by Streptococcus mutans and its administration 
involves mouthwash (Kaplan et  al. 2011). An indolici-
din analog, IMX942 (SGX942) aims at the prevention of 
immunomodulation at the time of oral mucositis by oral 
administration (oral rinse)( https ://www.solig enix.com/
wp-conte nt/uploa ds/sgx94 _execu tive_summa ry_03221 
6.pdf). DPK-060 is a kininogen for human protein targets 
acute external otitis prevention via ear drops as its admin-
istration (https ://clini caltr ials.gov/ct2/show/NCT01 44701 
7?term=DPK-060&rank=1). A human lactoferrin analog, 
PXL01 targets prevention of surgical adhesion by topical 
administration (https ://clini caltr ials.gov/ct2/show/NCT01 
02224 2?term=PXL01 &rank=1). Defending analog namely 
Brilacidin aims at radiation-induced oral mucositis in those 
patients who are suffering from head and neck cancer, via 
oral administration (https ://clini caltr ials.gov/ct2/show/
NCT02 32433 5?term=Brila cidin &rank=1). Histatin analog 
known as PAC113 aims at oral candidiasis in patients being 
HIV seropositive, using mouth rinse as its form of admin-
istration (https ://clini caltr ials.gov/ct2/show/NCT00 65997 
1?term=PAC11 3&rank=1). An antimicrobial peptide, LFF-
57 has GE2270 A as its lead compound which targets gram 
positive bacteria via the elongation factor Tu as its mode 
of action (Silver et al. 2011). Another peptide Auriclosene, 
containing N-Chlorotaurine and targets both gram positive 
and negative bacteria by adapting oxidation as its mecha-
nism of action (Boucher et al. 2013). Sarecycline, a tetra-
cycline containing compound which targets gram positive 
bacteria by inhibiting protein synthesis (https ://www.astra 
zenec a.com/Media /Press -relea ses/Artic le/20130 321–astra 
zenec a-outli nes-strat egy-retur n-to-growt h-scien tific -leade 

rship ). BC-3781 is an antimicrobial peptide consisting of 
Pleuromutilin which targets both gram positive and negative 
bacteria and acts upon them by inhibiting protein synthesis 
(Shlaes et al. 2011). Plazomicin is an aminoglycoside con-
taining peptide which aims against both gram negative and 
positive bacteria via inhibiting protein synthesis (Payne et al. 
2007). LTX-109 is a cationic peptide which targets both 
gram negative and positive bacteria via disrupting the mem-
brane (https ://www.merck manua ls.com/profe ssion al/lexic 
omp/quinu prist in%20and %20dal fopri stin.html). PA-824 
is a Nitroimidazole containing peptide which aims against 
gram positive bacteria by DNA as well as cellular damage 
(Bhavnani et al. 2009). AFN-1252 a synthetic peptide aim-
ing against gram positive bacteria by inhibiting FabI (https 
://inves tor.cempr a.com/relea sedet ail.cfm?Relea seID=76752 
6). Another peptide WCK-771 contains fluoroquinolone and 
targets both gram positive and negative bacteria by DNA 
gyrase and topoIV as its mode of action (Shlaes et al. 2012).

AMPs in Phase III Clinical Trials

p2TA (AB 103), a synthetic peptide targeting infections 
involving necrotizing soft tissue via intravenous adminis-
tration (https ://clini caltr ials.gov/ct2/show/NCT02 46985 
7?term=p2TA&rank=1). Dalbavancin is a glycopeptide 
which targets gram positive bacteria via inhibiting the cell 
wall (Berdy et al. 2012). Solithromycin is an antimicrobial 
peptide which contains Erythromycin and targets both gram 
positive and negative bacteria via inhibiting the protein syn-
thesis (Wellington et al. 2013). Surotomycin is a lipopeptide 
targeting gram positive bacteria via depolarizing the mem-
brane (Rodrı´guez-Rojas et al. 2013). Delamanid contains 
nitroimidazole as its lead compound and targets gram posi-
tive bacteria by DNA and cellular damage as its mechanism 
of action (Hawser et al. 2011). Finafloxacin is a Fluoroqui-
nolone containing peptide which targets both gram posi-
tive and negative bacteria by DNA gyrase and topoIV as its 
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mode of action (https ://www.nytim es.com/2013/03/06/healt 
h/deadl y-drug-resis tant-infec tions -rise-inhos pital s-repor 
t-warns .html). Nemonoxacin is a quinolone comprising 
peptide which aims against both gram positive and negative 
bacteria via using DNA gyrase and topoIV as its mechanism 
of action (Laxminarayan et al. 2011) (Fig. 3).

Challenges

Despite the fact that AMPs are viable alternatives for con-
ventional antibiotics because of their potential antimicrobial 
activity, they still do have some drawbacks. Due to their 
proteinaceous nature, these are recognized via very low 
bioavailability & thus undergo poor proteolytic mainte-
nance. These features have critically affected its progress, 
clinically till now. Numerous adaptations and changes have 
been attempted to overcome such disadvantages, and to cre-
ate new synthetic analogues that have the same properties 
as of AMPs (Giuliani et al. 2011; Scorciapino et al. 2012). 
Those AMPs which become the principal model for such 
changes are the ones found in nature. They are usually con-
fined to the physico-chemical changes along with activity 
in membrane-related features, such as cationic charge and 
amphiphilic nature. Applications of AMPs at clinical lev-
els have not been remarkable in the last decade and thus 
requires further efforts (Hancock et al. 2006; Lipsky et al. 
2008; Vaara et al. 2009). The reasons for this failure are 
multidimensional, yet the unstable peptides in vivo are due 
to the following three reasons. First, in the present scenario, 
AMPs are potent agents. On the other hand, in traditional 
times, AMPs were isolated and purified right from the tis-
sues, in order to obtain their antimicrobial properties. Pres-
ently, a wide number of AMPs are usually predicted by using 
Bioinformatics. Sometimes, they are produced in the form 
of peptides also, to test for the activity against microbes. 
Regardless of this, such synthetic AMPs have displayed 
quite potential activity against the microorganisms. Sec-
ond, AMPs have highly diversified structure and it’s diffi-
cult to verify the antimicrobial traits of these agents, mainly 
because of the long period of time required and financial 
crunch involved. Although, to overcome this obstacle, selec-
tion of specific AMPs is of utmost importance along with the 
estimation of its antibacterial properties. Four predominant 
AMPa are: beta-sheet formed with 2–3 disulfide bridges, 
helix, linear peptides rich in special amino acids and loop 
peptides formed by one disulfide bridge (Vaara et al. 2009). 
Third, the screening process in the primary laboratory of 
AMPs generally comprise of testing their ability to fight 
against bacteria, on several types of culture strains or various 
clinical spots, randomly selected. Being intuitive at times, 
these results rarely pose apt results. Thus, there is a need for 
development of newly designed AMPs.

Future Prospects

Traditionally, there was an approach for discovering new 
bioactive products from natural sources by working on the 
required sample or metabolite and bioguiding the charac-
terization of extracts (Farha et al. 2016). However, these 
techniques have many drawbacks. The commercialisa-
tion of these compounds at reasonable prices can be done 
with the help of various biotechnological techniques. On 
detection of peptides in microbes, scaling up the process 
or culture is feasible. However, for execution of gene-
encoded AMPs, various other techniques are preferable 
such as cDNA encoding as the biosynthetic precursor of 
Dermaseptin-PH was recognized from Pithecopus hypo-
chondrialis skin (Huang et al. 2017). The cDNA (comple-
mentary DNA) rapid amplification ends by polymerase 
chain reaction allows the identification of cDNA, further 
encoding for the Dermaseptin-PH’s biosynthetic precursor. 
The primary compounds which was secreted via skin was 
detected by reverse phase high performance liquid chroma-
tography) and then its chemical synthesis was processed. 
This peptide leads to the decrease in bacterial growth 
of both gram-positive and -negative bacteria along with 
Candida albicans. A significant drawback associated with 
the search for naturally obtained products is that various 
interesting compounds are not displayed by the organism. 
Their genetics stay in a state termed as ‘cryptic’, till the 
time any change occurs in the environment, which leads 
to the promotion of their transcription. For instance, some 
of the actinomycetes species don’t generate antibiotics till 
they are relatively cultured with bacteria or till the time 
the culture medium consists of some activators such as 
goadsporin (Onaka et al. 2017). Therefore, there is a need 
to find a method that can tackle these ‘silent’ or ‘cryptic’ 
natural products (Zarins-Tutt et al. 2016). Bioinformatic 
procedures have been in use for predicting such silent 
products, coded in the known genome of various species, 
from microorganisms to animals (Vila-Farres et al. 2017).

Conclusion

Antimicrobial peptides are termed as host-defence pep-
tides due to their immunomodulatory characteristics. They 
have potential to become the future generation of anti-
microbial “superdrugs” if the drawbacks associated with 
its stability, reasonable production costs and bioavailabil-
ity are resolved. Along with this, their efficiency against 
pathogens, currently not responding to the prevalent 
treatments is also remarkable with their multiple mecha-
nisms of action. The significant assets for pharmaceutical 
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https://www.nytimes.com/2013/03/06/health/deadly-drug-resistant-infections-rise-inhospitals-report-warns.html
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companies consist of their efficiency against microbes, 
mode of action with low resistance of pathogens, antimi-
crobial properties and ability to modify immune responses. 
Although, only a few antimicrobial peptides are present in 
current markets; most of them of which are used for topi-
cal use. Development of new biotechnological techniques 
has preferably reduced their costs for industrial produc-
tion. Few of them, interestingly, are focused to fight stand-
ard diseases or infections resulted by pathogen threats. It 
is expected that a better and certainly new generation of 
efficient, long-lasting and versatile drugs with antimicro-
bial qualities, will soon be feasible and available in the 
markets.
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