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INTRODUCTION

Peptides Proteins are composed of short chain monomers of amino acids that are linked together via
peptide bonds (-CONH-) and found naturally in the human body. Peptides are considered as the
attractive building blocks of living beings and in supra-molecular chemistry because of diversity
present in their amino acid sequences and their predictable conformational properties (1-6). Peptides
are often classified according to the number of amino acid residues present in them. (Oligopeptides
have 10 or fewer amino acids). Molecules having 10 to 50 amino acids are called peptides. Peptides
and proteins are differs from each other on the basis of number of amino acids sequence. Proteins are
having 50 or more than 50 amino acids. Emil Fischer is considered as the father and the originator of
the field of peptide chemistry. In 1901, he discovered the first peptide named as 'dipeptide' -
glycylglycine. Subsequent to this brilliant beginning, progress in the discovery of antimicrobial
peptides is however was slow for the next 50 years. In 1953, duVigneaud synthesized the first
polypeptide - 'oxytocin' that was considered as his landmark achievement (7-11). After this “Insulin”
the first recombinant protein that is having the therapeutic activity was discovered . Now molecular
biology has provided a various techniques to expand the range of peptide and protein based drugs for
the purpose of diagnosis and treatment of various diseases . The study of peptides and protein based
substances is of great interest in itself, because it provides the basic understanding about the use of
natural biomaterials in biological system . A large number of physiological processes in the body are
regulated by peptides and they are acting as endocrine or paracrine signals at some sites inside the
body and also as neurotransmitters or growth factors.(12-18) They are very specific in activities when
used as a drug candidate. Because of their readily degradation inside the human body, they are
considered as ineligible for drug development in the past and deemed widely inferior to small

molecule Dggradation of peptides by proteolytic enzymes is one of the principal limitations of their

S.
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use as drug candidates. Despite of these limitations, a number of advanced techniques promote interest
in their usage like diagnostics as well as for the therapeutic purposes. The modern analytical methods,
which are highly perfect in terms of their sensitivity & resolution, promote the discovery and
identification of novel peptides which are having a use of pharmaceutical potential. (19-24) Peptides
do not possess all the ideal qualities required for a drug but for the treatment of many diseases, some
properties such as high specificity, affinity and ability to stay in target areas for long period of time ,
their size and their ability of being easily degraded are very beneficial . To treat certain diseases such
as cancer, enzyme deficiency disorders, protein-dysfunction disorders, genetic and degenerative
diseases or even in case of infectious diseases, the available data suggest that these properties make
peptide/protein based drugs more popular than other drugs. Generally, peptides have a very few side
effects and have become popular candidates for drug design. Therapeutic peptides and proteins have
shown wide applications in medicine and biotechnology in
the last three decades and have become a potential drug of future. Currently, there are sixty FDA
approved peptide drugs in the market. About 140 peptide drugs are in clinical trials and over 500
are in pre-clinical development?. Thus, the peptide and protein based pharmaceuticals are rapidly
becoming very important class of therapeutic agents and are likely to replace many existing

organic based pharmaceuticals in the very near future.(25-35) Antimicrobial Peptides

The antimicrobial peptides are cytolytic peptides and present in both vertebrates and invertebrates
for offensive and defensive purposes. They also possess additional activities that show its effect on
the quality and effectiveness of innate responses and inflammation. Antimicrobial peptides (AMPs)
are small molecular weight proteins, usually having a positive charge and have both a hydrophobic
and hydrophilic side that increases their aqueous solubility and also help them to penetrate into
lipid membrane by which they shows their broad spectrum antimicrobial activity against bacteria,
viruses and fungi. Both animals and plants possess potent, broad-spectrum antimicrobial peptides,
which they use against the wide range of microbes, including bacteria, fungi, viruses and
protozoa.All these properties allow them to attach and penetrate into membrane bilayers ;
'Barrelstave', 'Carpet' or 'Toroidal pore' mechanisms, are the models that are used for understanding

the mechanisms of action of antimicrobial peptide.(36-43)

The primary role of the AMPs is host defense by showing cytotoxicity on the invading pathogenic
microorganisms, and by doing this they serve as immune defensers and immunomodulators. They
also acts as multifunctional effector molecules such as signaling molecule, immune modulators,
mitogen, antitumor, and contraceptive agent and used for the prophylactic and therapeutic

applications. Due to their broad range of activity, lesser toxicity, and decreased resistance
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development by the target cells, AMPs are considered as a promising and potential drug candidate
for the future .(44-53)

HISTORY AND Discovery OF ANTIMICROBIAL PEPTIDES

Discovery of peptides Theodor Curtius in 1881 by using the azide-coupling method, synthesized
the first N-protected dipeptide benzoylglycylglycine by treating a silver salt of glycine with
benzoylchloride . However, the term peptide was firstly introduced by Hermann Emil Fischer (1902
Nobel Prize Laureate for Chemistry) on September 22, 1902 at Karlsbad during the 14" meeting
of the German scientists and physicians. In 1901, Emil Fischer published an article in which the
information regarding the partial hydrolysis of the diketopiperazine and glycine for the preparation
of glycylglycine was provided. and this is considered as beginning of peptide chemistry. The
discovery of antimicrobial peptides was carried out in 1939, when the first antimicrobial peptide,
named Gramicidins ( an antimicrobial substance which was isolated from Bacillus brevis) have
been recognized in prokaryotic cells . Gramicidins exhibit its antimicrobial activity both in vitro
and in vivo against a wide range of Gram-positive bacteria. Later on Gramicidin was shown to
treat infected wounds on guinea-pig skin, successfully indicating their therapeutic activity for
clinical use and considered as the first AMPs that are commercially manufactured as antibiotics.

Later on so many other AMP’s were discovered.(54-59)
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Diversity and structure of AMPs

More than 500 antimicrobial peptides have been discovered from animals and plants as well with a wide
diversity of sequence. After binding with the receptors present on host target cells, AMP’s shows their
antimicrobial properties by alter the host immune response. AMPs also have importance in diverse functions
such as angiogenesis, wound healing, and chemotaxis. Because of unique structural and chemical properties
they act as promising future medicinal agents for the development and use of bacterial-resistant antibiotics,
effective antimicrobial coatings, and high performance biosensors. Based on their secondary structures, the
host defense AMPs are classified into four families: alpha (a), beta (B), alpha beta (aff), and non-alpha beta
(non-af}) - AMPs can also be classified on the basis of:

(a) AMPs that have a high content of one or two amino acid; proline

(b) AMPs with intramolecular disulfide bonds; predominantly B-sheet structure

(c) AMPs with amphiphilic regions having a-helical structure

The simplest AMP structure is either a-helices or B-hairpins. The length of a simple o-helix is
approximately 1.5 A per amino acid residue & B-hairpin is roughly 3.5 A per two residues. The
hydrocarbon core of the phospholipid membrane is roughly 30 A and also having twenty amino acids
which are spanning the membrane.The o family consists of AMPs with helical structures (e.g.
magainins and LL- 37), f family with beta-strands (e.g. human o- defensins), aff family comprises
both a-helical and B-strands in the 3D structure (e.g. B-defensins), the non-af3 family contains neither
a-helical nor B-strands (e.g. indolicidin). Smallest natural AMP is the 12 amino acid cyclic
dodecapeptide (Romeo et al., 1988) but their structure in membranes and their mechanism of action
have not been extensively investigated. More recently, it has been demonstrated that even smaller
artificial peptides with 6 or 8 amino acids can also have an ability to generate pores in
membranes. Three dimensional structure of AMPs can be determined either by x-ray diffraction or
nuclear magnetic resonance spectroscopy. According to the APD database statistics, generally 3D
structures of AMPs are determined by 2D NMR spectroscopy and for small peptides improved 2D
heteronuclear NMR methods are used. These chemical shifts are then used to assign the protons and
helpful in finding the 3D structure and for complex peptides 3D NMR Methods are needed, In 2014,
solid-state NMR studies were carried out on piscidins and the information obtained from this study
revealed that for the optimal interaction peptide get tilted and the extent of tilting depends on the amino
acid sequence of peptide and lipid composition and glycine at position 13 is important for peptide
plasticity. Various peptide examples, including human cathelicidin LL-37 possess a similar glycine that
potentiate the peptide activity against different bacteria. Structural determination provides evidence
for channel or pore formation. Gramicidin and alamethicin are two known examples that shows their
action by these two mechanisms. Now the crystal structure of human dermcidin determines another

possible mechanism. In 2014, a combined structural determination by X-ray diffraction with electron
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microscopy data of a C-type lectin is showed to form a pore in bacterial membrane. In this model, six
copies of human Regllla assemble into a ring structure around a hole in the center. (60-70)

CHARACTERISTICS AND BIOLOGICAL ACTIVITIES

They are having small size (6-59 amino acid length)with amphipathic features having
capable of targeting any organism with cholesterol free negatively charge membrane.
AMPs have broad spectrum antimicrobial activites against Gram positive and negative
bacteria and fungi. Besides this, they also show activity against mycobacteria, enveloped
viruses. Some AMPs are also able to kill cancerous cells. Their amino acid composition,
amphipathicity, cationic charge and size allow them to bind & penetrate into membrane
bilayers to form pores by 'barrel-stave', 'carpet' or 'toroidal-pore’' mechanisms. In order to
exert their activity, peptides first interact with the outer barrier mainly LPS and
peptidoglycan in bacteria or a glycocalix layer and matrix proteins in the mammalian cells.
After this, peptides bind and penetrate into the cytoplasmic membrane & show its action
by disruption of the lipid plasma membrane. They kill bacteria by interaction and
permeation with anionic phospholipids whereas peptides that kills mammalian cells by
binding and permeating efficiently both acidic and zwitterionic phospholipids membrane.
Properties of peptide and target membrane properties (like structure, length, complexicity
of hydrophilic polysaccharide) affects the biological activity.Normal human cells are
relatively resistant, but it should be considered that certain cationic antimicrobial peptides,
such as melittin from bees mastoparan from wasps charybdotoxin from scorpions and
temporin L from frogs are potent toxins. Magainins and their analogs are able to lyse
hematopoietic tumor and solid tumor cells by a non- receptor pathway with small toxic

effect on normal blood lymphocytes .(71-76)
MECHANISM OF ACTION OF AMP’S

AMPs exhibit cytolytic activity through permeation phenomenon. Antimicrobial activity of
ribosomal derived peptides from prokaryotes, plants has been identified during last 15 years. The
mechanism of AMPs activity can be classified by two categories: directly by cytolytic activity and

indirectly by modulation of immune response.(77-81)

Mostly peptide shows their cytolytic action by permeation through cell membrane. Peptides that

are synthesized from ribosomes having antimicrobial activity shown by prokaryotes, plants, and
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vertebrates and invertebrates and these peptides are identified and characterized during last 15
years.The MOA can be divided into two major classes: direct killing and immune modulation. The
direct killing mechanism of action can be further divided into membrane targeting and nonmembrane
targeting. Various models are there that describes the antimicrobial activity of these peptides.(8284)
Shai —Mutsuzaki Huang (SMH) Model
AMPs show their activity by carpeting into outer membrane. Integration of peptide results into
thinning of outer membrane. Influx of AMPs leads to phase transition effect that cause pore formation
in the membranous structure. Pore formation cause transport of lipids and peptides into the inner part
of the cell and diffusion of peptides onto the intracellular targets. Outflux of cellular components and
influx of AMPs alters cytoplasmic membrane, loss of cell wall integrity, altered genetic sequence and
protein-enzymatic activity.
AMPs alter the bilayer membranous structure of cell during binding by different processes. As of their
lipid profile they can easily cross the threshold concentration around the membrane. AMPs can cause
pore by any of the following mechanisms; a) Barrel stave: Amps form pore in the lipid bilayer by
perpendicularly inserting into it. Both phospholipid chain and lumen of the pore are in parallel direction.
b) Carpet mechanism: AMPs produce detergent like effect by disintegrate the cell membrane in a
parallel fashion. ¢) Toroidal pore: AMPs insert perpendicularly in the lipid bilayer and induce a local
membrane curvature in such a way that the pore lumen is lined partly by peptides and phospholipid
part. d). Disordered toroidal pore: Modified form of Toroidal pore indicates that conformations in the

peptide structure is less rigid and pore lumen is held by phospholipid groups.(85-87)

By altering membrane bilayer -Antimicrobial peptides (AMPs) alter the membrane bilayer during
binding by different processes. AMP”’s has to passed the threshold concentration for the purpose of
membrane disruption. A) In Barrel-stave - Peptides insert perpendicularly in the bilayer and
form a pore. Phospholipid chain and lumen of the pore both are parallel to each other. B) In Carpet
mechanism- Peptides are parallel to the bilayer and to disintegrates the membrane they produce a
detergent like effect. C) Toroidal pore - peptides insert perpendicularly in the bilayer and induce a
local membrane curvature in such a way that the pore lumen is lined partly by peptides and partly by
phospholipid head groups. D). Disordered toroidal pore- A modification form of toroidal pore tells
that peptide conformations are less rigid and orientations are formed; the lumen of the pore is held

by the phospholipid head groups.(88-91)
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HUMAN ANTIMICROBIAL PEPTIDES

During bacterial invasion, for the purpose of host defence the fatal cells generates human AMP”’s
similarly during S. aureus infections adipocytes produces a human cathelicidin and acts as a host
defense.Gut possesses two types of human AMP”’s- constitutively expressed (human o-defensin 5
(HD-5), HD-6, and B-defensin 1 (hBD-1) and induced (human cathelicidin LL-37 and -defensins 24
(hBD-2 to (HBD-4). HD-5 was its potent action against the most virulent form of Clostridium difficile
according to a report of 2014 and hence preventing its infection of small intestine. HD-5 is active

against the Human papillomavirus (HPV) infections that cause cervical cancer.

Schroeder et al. found that human Paneth cell HD-6 shows antibacterial activity under reduced
conditions that are obtained by NADPH thioredoxin-reductase system. HD-6 trap invading microbes

by forming neutrophil extracellular traps (NETs).

Table 1: Antimicrobial Peptides Discovered In 2014

S APD | Name Source | Peptide amino acid sequence | Unique features
No.
ID
1 238 |Gageotetrin | Bacteria LE The shortest lipopeptide
1 A
2 239 |Sonorensin | Bacteria CWSCMGHSCWSCMG Repeating
7 HSC CWSCXGHS Motif
WSCAGHSCWSCMGHS
CWS
CMGHSCWSCAGHCCG
SCW
HGGM
3 237 |Baceridin Bacteria WAIVLL The shortest circular peptide
D) consisting entirely of
hydrophobic amino acids
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4 244 | Copsin Fungi QNCPTRRGLCVTSGLT The first fungal defensin with
0 ACR six disulfide bonds
NHCRSCHRGDVGCVR
CSN
AQCTGFLGTTCTCINPCPR
C
5 240 |Hispidalin |Plants SDYLNNNPLFPRYDIG A unique peptide with
7 NVEL 31% similarity to
known sequences. Not
STAYRSFANQKAPGRL predicted by existing
NQN WALTADYTYR programs
6 247 |EcAMP3 Plants GADRCRERCERRHRG The first
7 DWQ disulfidestabilized
GKQRCLMECRRREQE hairpin-like helical
ED peptide that inhibits
phytopathogenic bacteria
7 242 |Crotalicidin |Animals |[KRFKKFFKKVKKSVKKRLK [Rich in lysine (38%)
4 KIFKKPMVIGVTIPF
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Two AMP’s Defensins and Cathelicidins are described in detail

DEFENSINS

Defensins are helpful in cellular and humoral immune immunity hence shows multiple functions in
the host defence. Defensins are produced constitutively and inducibly by phagocytic cells, lymph
oocytes , epithelial cell lining of the gastrointestinal and genito urinary tracts, the tracheobronchial
tree, keratinocytes . Defensins serve as signals which initiate, mobilize, and amplify adaptive immune

host defenses by using multiple cellular receptors for their activity.(92-96)

Activities of human defensins

Innate and adaptive immune effects of defensins

Alpha defensins (HBD1-3) — have several functions includes antimicrobial and antiviral (antiHIV 1),
Regulate complement activation, Degranulate mast cells, Induce pulmonary epithelial cell
proliferation in vitro Inhibit glucocorticoid production by blocking ACTH receptor, Block LPS
binding to LBP44

Jmmunoadjuvant effects in mice Augment cytokine production (IL5, IL6, IL10, and IFNg),

Promote antigen induced ex vivo splenocyte proliferation.

Beta Defensins (HBD1-3) Induce prostaglandin D2 production, Degranulate mast cells, Chemotactic
for CCR6 dendritic cells, HBD3 also acts on unknown GPCR on monocytes Immunoadjuvant effects
in mice, enhance tumour antigen induced humoral and cellular immunity, HBD2 induces cytokines
and chemokines.

The defensins are called the human neutrophil Ipeptides (HNP1-3)because of having large storage
sites in the neutrophil granules. HBD1 is expressed constitutively by keratinocytes and found in the
interstices between the cells. HBD2—4 are inducible which are produced by keratinocytes and
epithelial cells in response to interleukin (IL)-1, tumour necrosis factor (TNF), and

lipopolysaccharide (LPS).(97-98)
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Biological Activities of Defensins other than immune effects

Defensins performed number of biological activities that includes degranulation of mast cells and
due to which histamine is released . Systemic cellular and humoral immunity is enhanced by
Intranasal administration of a defensins along with an antigen .They have a role in lung biology and

therapy because they are highly present in the airway tracts.
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CATHELICIDIN LL-37

Human cathelicidin LL-37 is a multifunctional peptide. It kills the bacteria by DNA binding,

inhibition of protein synthesis, cell wall permeation and disruption, binding with cell receptors.

LL-37 binds with DNA give an idea that DNA binding may be part of the bacterial killing
mechanism. According to Mardirossian et al. only 5% protein synthesis is inhibited by LL-37. The

major mechanism of LL-37 is membrane permeation and disruption by the helical region.

Human Cathelicidin derived AMPs

LL-37 belongs to a-helical AMP”s. LL-37 having 37 amino acid with the two leading leucines
residues having no cysteine residues. Cathelicidin-derived AMPs Gennaro and Zanetti as well as
Ramanathan et al. found AMPs derived from human cathelicidin LL-37. 57 Peptides FALL-39 and
LL-37 are antimicrobially active Larrick et al both are belongs to the LL-37 category.
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OTHER THERAPEUTIC ROLES OF AMP’S

Table2: Antimalarial AMP’s Drugs ©%

VOLUME 10, ISSUE 6, 2023

S AMP’s Drug Active Activity

No. Name against

1 Cecropin B Plasmodium 81-94%
abortion of
oocyte

Species development

2 Defensin A P.gallinaceu | 85%

m inhibition of
oocyte
proliferation
in trans genic
mosquito.

3 Drosomycin P.berghei 70%
gametocyte
inhibition

4 Magainin 2 Plasmodiu 80-95%

m . abortion of
species
oocyte
development
5 Scorpin P.berghei Inhibits
ookinetes Proliferatio
n

6 Gambicin P.berghei 54.6%
ookinetes
killed

7 IDR-1081 Plasmodiu Protection

m against
species cerebral
malaria.
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Table 3: Anticancer AMP’s (100)

S No. |AMP’s Drugs Activity Biological Efffect
against
1 Bortezomib Proteasome regulation of  apoptosis,
(Velcade™) inhibitors survival, adhesion,
angiogenesis, tumor
invasion and
metastasis
2 Endostatin, peptide Endogenou Anti-inflammatory effect due
fragment of s to inhibition of NF-xB
collagen XVIII angiogenic
inhibitor
3 Smac/DIABLO peptide | Peptide- Procaspase-3 activation
based IAP
inhibition
Procaspase-3
activation
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