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Peptide Chemistry's Role in Treating Most Serious Diseases: Peptide Antibiotics.
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Abstract

The study of antimicrobial peptides is a rapidly growing field. Antibacterial peptides were first considered rather species-
specific. Therefore, we focused our review of peptide antibiotics, although the peptide antibiotics are composed of amino
acids, they often show little similarity to gene-encoded polypeptides in terms of structure and mechanism of their
biosynthesis. Alternatively, an extensive reference survey was conducted for the peptides used as antibiotics, and some
examples of antibiotics that are chemically composed of various amino acids and peptides were studied. Moreover, we
focused in this review some selected examples of important peptide antibiotics, for example, bacitracin (1), gramicidin (I1),

monamycins, alafosfalin and albomycisn.
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1. Introduction

Antimicrobial peptides (AMPs) are components
recognized in the past from various immune systems,
especially innate and found in living organisms in
general, and eukaryotic organisms in particular,
worldwide. AMPs possess a strong diversified
biological activity against a wide range of all types of
bacteria, viruses, fungi and parasites [1, 2]. This
distinct biological activity also includes membrane
interaction [3, 4]. Alternatively; AMPs is increasingly
found and post-translational modifications (PTMs)
play an important role in improving the efficacy of
various peptides and the specificity of these
mechanisms of action [5-9]. The authors also note
that most PTMs that have been biologically tested as
AMPs are considered rare [6], typically
phosphorylation of residues [1, 6, 10] and helical
inversion of residues to produce various D amino
acids [11-13]. However, only two types of PTMs are
found ubiquitously among the AMPs of eukaryotic
organisms [6] of which the first is the oxidation of an
amino acid residue (cysteine) to form disulfide
bridges [14]. Scientists have observed that disulfide
bridges play an important and major architectural role
in the antimicrobial effect of AMPs [6], mainly by

maintaining the amphipathic topography of the
biologically studied molecules and thus their ability
to interact with target membranes and kill Host cells
[5, 15]. This form of structural stabilization is critical
for the therapeutic development of AMPs and
furthermore is demonstrated by the cysteine knot
architectures of cyclotides from plants [2, 16]. The
exceptional stability of these peptides (linear and
cyclic) coupled with their high tolerance to residue
substitutions [17] make them potential candidates to
serve as lead compounds in scenarios ranging from
tumor imaging [18] to the prevention of contact
transmission of HIV sexual [19]. The second most
common type of PTM found in AMPs is the insertion
of all C-terminal slits, which are mostly identified in
all amphibians [6]. This falls into only two main
categories: the presence of either a ranabox [20] or an
amide group [21]. Moreover, the RNA box is found
in most rancid frogs and consists of a C-terminal
circular hepeptide with a conserved disulfide bond
[20, 22, 23]. This PTM occurs in AMPs such as
gaegurins and palustrins and appears to play an
important role in facilitating membrane affinity for
these peptides by stabilizing their C-terminal
structure [20, 24]. Alternatively, the importance of
the C-terminal medium in the antimicrobial effect of
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various amphibians, as well as other amplifier AMPs
is far from clear understanding [25]. Recently, a
group of homologous AMPs, maximin H1 to
maximin H55, was identified in frogs (genus
Bombina only). Moreover, all of these amplifiers
exhibited a central C-terminal, which clearly
indicates the functional relevance [26-28]. Recent
studies conducted on synthetic AMP compounds
have shown that the C-terminal Midation can
enhance efficacy as distinct antibacterials without
increasing the hydrolytic capacity and thus increase
the therapeutic potential of these peptides [29]. Given
that maximin H5 from Bombina maxima has strong,
narrow-spectrum and antibacterial activity [30].

2. Some  selected
antibiotics:-
2.1. bacitracin and gramicidin:

examples of peptide
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Figure (1): structure of bacitracin

Since the discovery of bacitracin, figure (1), and
gramicidin, figure (1), [31], many peptide antibiotics
have been synthesized.

Lee, J.H., et al. [32] studied bacitracin A which is
useful antibiotics obtained from bacterial cultures.
bacitracin A is a cyclic polypeptide containing a
bridging D-Lysine residue. It is active against wide
variety of gram-positive organisms.

Bacitracin [33] is a mixture of related cyclic
peptides produced by organisms of the licheniformis
group of Bacillus subtilis var Tracy, first isolated in
1945. These peptides disrupt Gram-positive bacteria
by interfering with cell wall and peptidoglycan
synthesis. Bacitracin is primarily used as a topical
preparation, as it can cause kidney damage when
used internally. Antibiotics such as bacitracin have
been shown to act as dermatological irritants and may
slow healing in otherwise sterile wounds [34, 35].

— lle—=<=— D-orn

AN

— D-Phe

His

Val - Orn - Leu - D-Phe - Pro - Val - Orn - Leu -D-Phe - Pro

Figure (2): structure of gramicidin

2.2. Monamycins:

Generally peptide antibiotics vary in their action
mechanisms e.g. inhibition of cell-wall synthesis,
increased permeability of the cell wall, or influence
on nucleic acid synthesis. The presence of D-amino
acids and unusual non-proteinogenic amino acids is
characteristic. Monamycins, figure (3), a family of 15
hexapeptide members, which as ionophores, induce
the passage of ions through biological membranes,
have hexahydropyridazine-l-carboxylic acid as their
characteristic basic unit and exhibit antibacterial
properties. Their structural formula will as shown in
figure (3), [36].
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2.3. Alafosfalin

Alafosfalin, figure (4), is peptide antibiotics, having
an aminophosphonic acid at the C-terminal end of a
peptide chain, have been synthesized by Roche
Products Ltd /U.K. [37]. Alafosfalin, which inhibits
the biosynthesis of the bacterial cell wall, is effective
against gram-positive and gram-negative
microorganisms.

2.4. Albomycins:

Benz, G. [38] isolated albomycins from the strain
streptomyces spec. WS/116, are nucleoside peptides
that exert antibiotic effects and have iron-complexing
properties, structural formula as shown in figure (5).
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Figure (4): structure of alafosfalin

X' =N-CO-NH2, X =0, X=NH

Figure (5): structure of desferriforms of albomycisn

2.5. Cecropins:

Cecropins are antimicrobial peptides [39, 40]. They
have three analogues, cecropin A, cecropin B, and
cecropin P1 figures (6-8), respectively. Cecropins
were first isolated from
the hemolymph of Hyalophora cecropia, whence the
term cecropin was derived. Cecropins lyse bacterial
cell membranes; they also inhibit proline uptake and
cause leaky membranes. Cecropins [41-43] constitute
a main part of the innate immune system of insects.
Cecropins are small proteins anywhere from 31 - 37
amino acids long and are active against both gram-
positive and gram-negative ~ bacteria.  Cecropins
isolated from insects other than Hyalophora
cecropia (Cecropia moth) have been given various
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names, such as bactericidin, lepidopterin,
and sarcotoxin. All of these peptides are structurally
related.

Anticancer activities of cecropin B, and cecropin P1
were first demonstrated with in vitro studies of
mammalian leukemia and lymphoma cell lines,
where cells were sensitive to peptide concentrations
on the order of 10° M [44]. Two multidrug-resistant
breast and ovarian cancer cell lines also showed
sensitivity to the peptides [44]. Further, peptide
anticancer activity is reported as being complete
within one hour of treatment [44]. In vivo studies of
murine ascitic colon adenocarcinoma cells showed a
similar trend, where mice treated with cecropin B
exhibited increased survival time compared to
untreated mice [44].
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Ceeropins [45] are produced in insects on account of
the lack of lymphocytes and immunoglobulins by a
humoral immune reaction, and have a broad spectrum
of antibacterial activity. Cecropin A analogs have
been synthesized by Andreu et al. [46] by the solid-
phase method. Amino acid sequences of cecropin A
analogs will be as shown in figure (6). A derivative
of Cecropin B is an anticancer polypeptide (L).
Structure consists of mainly alpha helixes,
determined by solution NMR. Protein molecular
weight = 4203.4g/mol [47]. Some of the cecropins
(e.g. cecropin A, and cecropin B) have anticancer
properties and are called anticancer peptides (ACPs)
[48]. Hybrid ACPs based on Cecropin A have been
studied for anticancer properties [48].

2.6. Alamethicins:

Alamethicins peptide antibiotics were synthesized by
Jones, R. N. et al. [51] with the following sequences
as shown in figure (9). Alamethicins exerts
bacteriostatic, fungicidal, cytostatic, and hemolytic
effects. Altogether a quadricyclic structure containing
19 amino acids is formed. In fact, this structure is
also active in the cell plague forming test which has
been used to identify the thymopoietine activity: the
stimulation of maturation of T lymphocytes.

2.7. Ramoplanin:

Ramoplanin___[52], figure (10), is a new
glycolipodesipeptide antibiotic, derived from strain
ATCC 33076 of Actinoplanes [53], it is active against
a broad range of Gram-positive bacteria. Its
development has been fast-tracked by the U.S. Food
and Drug Administration as a treatment for multiple
antibiotic-resistant Clostridium difficile infection of
the gastrointestinal tract [54], Unlike vancomycin, it
is absorbed in the gastrointestinal tract, although it is
unstable in the bloodstream, so can be taken only
orally against Clostridium difficile infections of the
gastrointestinal tract [55-57].

2.8. Thiazolyl peptide (GE-2270A):

Selva, E. et al. synthesized a novel thiazolyl peptide
antibiotic  isolated from Amycolatopsis fastidiosa
[58], and known as GE-2270A, nocathiacin and
thiazomycin has good activity against aerobic and
anaerobic Gram-positive bacteria and anaerobic
Gram-negative bacteria, figures [59] (11-13),
respectively.

Lys® - Trp? - Lys® - Leu* - Phe® - Lys® - Lys’ - lle® - GIu® - Lys!® - Val*! - Gly*? - GIn®3 - Asn®* - 1le®
- Arg'® - Aspl’ - Gly®8 - 11e° - lie® - Lys?* - Ala?? - Gly? - Pro? - Ala?® - Val® - Ala? - Val?® - Val?®
- Gly® - GIn® - Ala® - Thr® - GIn3* - 11e* - Ala® - Lys* - NH:

Figure (6): structure of cecropin A analogs [49]

Lys® - Trp? - Lys® - Val * - Phe® - Lys® - Lys’ - lle® - Glu® - Lys'® - Met!! - Gly*? - Arg® - Asn* -
e - Arg®® - Asn'” - Gly*8 - 11e!® - Val® - Lys? - Ala? - Gly® - Pro® - Ala® - 1lu® - Ala?” - Val® -
Leu® - Gly® - Glu® - Ala® - Lys® - Ala* - Leu® - NH:

Figure (7): structure of cecropin B analogs [48]

Ser! — Trp? — Leu® — Ser* — Lys® — Thr® — Ala’ — Lys® — Lys® — Leu® — Glu* — Asn'? — Ser® — Ala*
— Lys®® — Lys'® — Arg'” — 1le® — Ser®® — Glu® — Gly? — Ile® — Ala® — 11e?* — Ala® — 11e?® — GIn% —
Gly® — Gly?® — Pro® — Arg® — NH>

Figure (8): structure of Cecropin P1 analogs [50]

AC - Aib! - Pro? - Aib® - Ala* - Aib®- Ala® - GIn’ - Aib®- Val® - Aib'®- Gly™ - Leu?? - Aib® - Pro** -
Val®® - Aib'® - Aib!" - Glu8- GIn®® - PhI?°

Ac = acetyl, Phl = phenylalaninol, Aib = 2-Aminoisobutyric acid

Figure (9): structure of alamethicins peptide
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Figure (11): structure of GE-2270A
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Figure (12): structure of nocathiacin
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HaC™
Figure (13): structure of thiazomycin
2.9. Vancomvcin:

Vancomvcin, figure (14), [60] is a glycopeptides
(peptides with sugar) has been used for the treatment
of infections due to Gram-Positive bacteria.
Vancomycin is an antibiotic medication used to treat
a number of bacterial infections [61]. It is
recommended intravenouslyas a treatment for
complicated skin infections, bloodstream
infections, endocarditic, bone and joint infections,
and meningitis caused by methicillin-
resistant Staphylococcus aureus [62]. Blood levels

Figure (14): structure of Vancomycin

may be measured to determine the correct dose
[63]. Vancomycin is also recommended by mouth as
a treatment for severe Clostridium difficile colitis
[61]. When taken by mouth it is very poorly absorbed
[61].

Rajagopalan, et al. [64] found that, the complexes of
vancomycin group antibiotics with peptides are
stabilized by hydrogen bonding and hydrophobic
interactions. Their complex with the bacterial cell-
wall mimetic peptides, figure (15), has been carried
out in methanol at low temperature:

AC-D-Ala-D-Ala-OH, Me Succinyl-D-Ala-D-Ala-OH and AC-L- Lys (AC)-D-Ala-D-Ala-OH
Figure (15): structure of vancomycin complexes with the bacterial cell-wall mimetic peptides

2.10. Trichobrachin:
Bricker, H. et al. [65] reported the rapid and
sensitive detection of a particular group of fungal
peptide antibiotics of the "Peptaibol* family.
Screening procedure detected the characteristics, non-
protein amino acids of this group of peptides, namely
a-aminoisobutyric Acid (Aib) and, in many cases,
isovaline (IVa). Application of the method to

Egypt. J. Chem. 64, No. 8 (2021)

filamentous fungi revealed that many species and
strains of some microorganisms are capable of
producing peptaibol antibiotics. Bruckner, H. et al.
[66] reported on the isolation and sequence
determination of the poly peptide antibiotics
Trichobrachin, and Trichovirin I. They reported on
the total synthesis of one component of the
Trichovirin complex namely Trichovirin |, figure
(16).
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2.11. Lactoferrin (Lfcin):

Bellamy et al. [67] have shown that gastric cleavage
of bovine lactoferrin, an antibacterial protein, by
pepsin produces a peptide fragment, bovine
lactoferricin  17-41, which possesses all of the
antibacterial activity of the native protein. This 25
residues longpeptide (17-41) can further be reduced
by ten residues at the c-terminal and to give a peptide
fragment, bovine lactoferricin 17-31, without any loss
of antibacterial activity.

Lactoferrin (Lfcin), figures (17-22): also known
as lactotransferrin (Ltfcin), is a
multifunctional protein of the transferring family.
Lfcin is aglobular glycoprotein with a molecular
mass of about 80 kDa that is widely represented in
various secretory fluids, such as milk, saliva, tears,
and nasal secretions. Lfcin is also present in
secondary granules of PMNsand is secreted by
some acinar cells. Lfcin can be purified from milk or
produced recombinantly. Human colostrum (“first
milk™) has the highest concentration, followed by
human milk, then cow milk (150 mg/L) [68]. Lfcin is
one of the components of the immune system of the
body; it has antimicrobial activity
(bacteriocide, fungicide) and is part of the innate
defense, mainly at mucoses [68]. In particular, Lfcin
provides antibacterial activity to human infants [69,

Egypt. J. Chem. 64, No. 8 (2021)
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N-acetyl-alpha-methyl-alanyl-glycyl-DL-alanyl-DL-leucyl-DL-isovalyl-DL-glutaminyl-DL-isovalyl-DL-
valyl-alpha-methyl-alanyl-glycyl-alpha-methyl-alanyl-alpha-methyl-alanyl-DL-prolyl-DL-leucyl-alpha-
methyl-alanyl-alpha-methyl-alanyl-DL-glutaminyl-DL-leucinol

Figure (16): structure of trichovirin I.

70]. Lfcin interacts with DNA and RNA,
polysaccharides and heparin, and shows some of its
biological functions in complexes with these ligands.
Lfcin belongs to the innate immune system. Apart
from its main biological function, namely binding
and transport of iron ions, Lfcin also has
antibacterial, antiviral, antiparasitic, catalytic, anti-
cancer, and anti-allergic functions and properties
[71].

Morten Bohmer et al. [72] synthesized similar
human, murin, caprin and porcine lactoferricin
analogues of bovine lactoferricin 17-31 using solid-
phase peptide synthesis and compared their
antibacterial activity and they also improved their
antibacterial activity. Lactoferrin prevents the
attachment of H. pylori_in the stomach, which in turn,
aids in reducing digestive system disorders. Bovine
lactoferrin has more activity against H. pylori than
human lactoferrin [73].

The anticancer activity of bovine lactoferrin (bLF)
has been demonstrated in experimental lung, bladder,
tongue, colon, and liver carcinogeneses on rats,
possibly by suppression of phase | enzymes, such as
cytochrome P450 1A2 (CYP1A2) [74]. Also, in
another experiment done on hamsters, bovine
lactoferrin decreased the incidence of oral cancer by
50% [75]. Currently, bLF is used as an ingredient
in yogurt, chewing gums, infant formulas,
and cosmetics [75].


https://en.wikipedia.org/wiki/Atomic_mass_unit
https://en.wikipedia.org/wiki/Recombinant_DNA
https://en.wikipedia.org/wiki/Colostrum
https://en.wikipedia.org/wiki/Antiparasitic
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Figure (17): structure of Lactoferrin B 17-31

Figure (18): structure of Lactoferrin B 20-25

Figure (19): structure of Lactoferrin B (21-25)pal

INEL
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Figure (20): structure of Lactoferrin B (20-25);,
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Figure (22): structure of Lactoferrin B (20-25)4
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Figure (21): structure of Lactoferrin B (20-25)cyc

2.12. Teicoplanin:

Teicoplanin 1 [76] is a glycopeptide related to
vancomycin, is an antibiotic, it has recently been
introduced into clinical practice for treatment of
infections caused by methicillin-resistant and Gram-
positive organisms. in vitro and in vivo studies have
shown that teicoplanin is superior to vancomycine,
having lower toxicity and higher activity. The
antibacterial activity of this family of antibiotics
arised from specific binding of the glycopeptide to
bacterial cell wall precursors terminating in the
sequence D-Ala-D-Ala. Jieping et al. [76]
synthesized 14-membered macrocycles related to ring
of teicoplanin 1.

Teicoplanin is an antibiotic used in
the prophylaxis and treatment of serious infections
caused by Gram-positive bacteria,
including methicillin resistant Staphylococcus
aureus and Enterococcus  faecalis. It is a
semisynthetic glycopeptide antibiotic with a spectrum
of activity similar to vancomycin. Its mechanism of
action is to inhibit bacterial cell wall synthesis [77].
Teicoplanin is marketed by sanofi-Aventis under the
trade  nametargocid.  Other  trade  names
include ticocin marketed by Cipla (India). Oral
teicoplanin has been demonstrated to be effective in
the treatment of pseudomembranous
colitis and Clostridium difficile-associated diarrhoea,
with comparable efficacy with vancomycin [78]. Its
strength is considered to be due to the length of the
hydrocarbon chain [79]. Teicoplanin (TARGOCID,
marketed by Sanofi Aventis Ltd) is actually a mixture
of several compounds, five major (named teicoplanin
A2-1 through A»-5) and four minor

Egypt. J. Chem. 64, No. 8 (2021)
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(named teicoplanin  Rs-1 through Rs-4) [80]. All
teicoplanins share a same glycopeptide core, termed
teicoplanin As-1, afused ring structure to which
two carbohydrates (mannose and N-
acetylglucosamine) are attached. The major and
minor  components also  contain a third
carbohydrate moiety, p-D-glucosamine, and differ
only by the length and conformation of a side-
chain attached to it. The structures of the teicoplanin
core and the side-chains that characterize the five
major teicoplanin compounds are shown in figure
(23).

2.13.  Amphipathic:

Zhong, Lingxia et al. [81] designed and synthesized
of amphipathic antimicrobial peptides. A large
proportion of antimicrobial peptides share a common
structural feature that is critical to their antimicrobial
activity, i.e., amphipathic o-helixes. Generally,
antimicrobial peptides are characterized by high
hydrophobic moment and low hydrophobicity values.
Identification of putative amphipathic structures in
proteins may provide a useful starting strategy in the
design and synthesis of antimicrobial peptides [82].

On the other hand, in general, it has been observed
during our recent articles, that the synthetic organic
and peptide chemistry are promising as biologically
activate [83-111]. Naturally occurring antimicrobial
peptides are gene-encoded, ribosomally synthesized
polypeptides [112]. These peptides are usually short
(less than 100 amino acid residues), have a positive
net charge, amphipathic nature, and often exhibit a
broad spectrum of activity against bacteria, viruses,
and fungi [113-115]. Because of the wide sequence
and structural diversity, AMPs are traditionally
classified based on  secondary  structure


https://en.wikipedia.org/wiki/Glycopeptide_antibiotic
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conformations: o-helices, pB-sheets, or random coil
[116]. There are several well-known examples of
antimicrobial peptides belonging to the families of
the cathelicidins, defensins, thionins, cecropins, and
magainins [117-120].

Indolicidin ~ [121], a novel tryptophan-rich
microbicidal tridecapeptide amide isolated originally
from granules of bovine neutrophils [122]. Van Abel

Teicoplanin core

HO N-acetylglucosamine

a-D-mannose

o

OH OH

et al. [123] synthesized Indolicidin by solid-phase
method. The antimicrobial potencies of natural and
synthetic indolicidin, as determined by in vitro
antibacterial, antiviral and antifungal assays, were
identical. Further, the reactivities of natural and
synthetic peptides with anti-indolicidin antibody were
indistinguishable. Its primary structures as shown in
figure (24).

R side chain

Teicoplanin A 5-1

Teicoplanin A 5-2

Teicoplanin A ,-3

Teicoplanin A ,-4

Teicoplanin A -5

Figure (23): structure of teicoplanin core (left, black) and side-chains that characterize teicoplanins A2-1
through A2-5 (right). In blue: s-D-glucosamine.

2.14. Indolicidin:

Indolicidin, was isolated from cytoplasmic granules
of bovine neutrophils [124]. It is one of the shortest
known natural-occurring antimicrobial peptide [125],
toxic to both prokaryotes and eukaryotes [125, 126].
The high percentage of proline and tryptophan
residues makes indolicidin a unique antimicrobial.
Unlike several other antimicrobial peptides, the
structure of indolicidin upon membrane interaction is
not a well-defined helix or afg-turn and does not
display their characteristic amphipathic nature [126—
129].

Yoshiki Uchida, et al. [130] prepared indolicidine
and 22 analogs. They suggested that the C-terminal
Arg-Arg-NH,  structure is important for the
expression of the potent antibacterial activity of
indolicidine especially against gram-negative bacteria
[131].

2.15. Cathelicidins:

Cathelicidins, are a family of precursors of
antimicrobial peptides identified in mammalin
myeloid Cathelicidin- derived peptides are 12-100
residues long and include a-helical, cys-rich, pro- and
Arg-rich, and Trp-rich peptides.

Egypt. J. Chem. 64, No. 8 (2021)

Marco Scocchi et al. [132] have analysed the
presence of cathelicideins in horse bone marrow
cells, and identified three novel members as deduced
from cDNA. They show putative antimicrobial
domains of 26, 27 and 40 residues. These peptides
which corresponding to these sequences have been
synthesized and purified by RP-HPLC. The
antimicrobial activity has been tested against gram -
positive and gram-negative bacteria and showed good
activities.

Microcin J 25, [133] a 21 - residue peptide antibiotic,
microcins are a class of potent peptide antibiotics
produced by Enterobacteriaceae, mainly E. coli, of
faecal origin [134]. It inhibits the growth of E. coli
and salmonella strains. The whole study reveald a 21-
residue peptide consisting of natural amino acids.

The presence of thiazole or oxazole rings in microcin
J 25 (MCC J 25) give rise to microcin B 17, [135]
which have been supposed to be the structural motifs
recognized by the inn- membrane protein sbma
involved in the uptake of both microcins.

2.16. Macrolide

The macrolides are a class of natural products that
consist of a large macrocyclic lactone ring to which
one or more deoxy sugars,
usually cladinose and desosamine, may be attached.


https://en.wikipedia.org/wiki/Lactone
https://en.wikipedia.org/wiki/Cladinose
https://en.wikipedia.org/wiki/Desosamine
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The lactone rings are usually 14-, 15-, or 16-
membered. Macrolides belong to the polyketide class
of natural products. Some macrolides have antibiotic
or antifungal activity and are used as pharmaceutical
drugs. Macrolides are bacteriostatic in that they
suppress or inhibit bacterial growth rather than killing
bacteria completely. Macrolides are protein synthesis
inhibitors. The mechanism of action of macrolides
is inhibition of bacterial protein biosynthesis, and
they are thought to do this by preventing
peptidyltransferase from adding the growing peptide

attached totRNAto the next amino acid [136]
(similarly to chloramphenicol [137] as well as
inhibiting bacterial ribosomal translation [136].
Another  potential mechanism is  premature
dissociation of the peptidyl-tRNA from the ribosome
[138]. Macrolide antibiotics do so by binding
reversibly to the P site on the 50S subunit of the
bacterial ribosome. This action is considered to
be bacteriostatic. Macrolides are actively
concentrated  within leukocytes, and thus are
transported into the site of infection [139].

(29)-1-[(29)-2-[[(2S)-6-amino-2-[[(2S)-2-[[(2S)-1-[(2S)-2-[[(2S,3S)-2-amino-3-methylpentanoyl]
amino]-4-methylpentanoyl]pyrrolidine-2-carbonyl]amino]-3-(1H-indol-3-yl)propanoyl]amino]
hexanoyl]amino]-3-(1H-indol-3-yl)propanoyl]-N-[(2S)-1-[[(2S)-1-[(2S)-2-[[(2S)-1-[[(2S)-1-[[(2S)-1-
amino-5-carbamimidamido-1-oxopentan-2-ylJamino]-5-carbamimidamido-1-oxopentan-2-ylJamino]-
3-(1H-indol-3-yl)-1-oxopropan-2-yl]carbamoyl]pyrrolidin-1-yl]-3-(1H-indol-3-yl)-1-oxopropan-2-
yl]Jamino]-3-(1H-indol-3-yl)-1-oxopropan-2-yl]pyrrolidine-2-carboxamide
H-lleX-Leu?-Pro3-Trp*Lys®>-Trp®-Pro’-Trpd-Trp®-Pro'®-Trp'l- Arg*2-Arg-NH:

Figure (24): structure of indolicidin

Some examples of antibiotic macrolides:

A. Azithromycin:

A zithromycin, figure (25): is
an antibiotic medication used for the treatment of a

number of bacterial infections [140]. This
includes middle  ear  infections, strep  throat,
pneumonia, traveler’s diarrhea, and certain

other intestinal infections [140]. Along with other
medications, it may also be used for malaria [140]. It
can be taken by mouth or intravenously with doses
once per day [140].

B. Clarithromycin:

Clarithromycin, figure (26), sold under the brand
name Biaxin among others, is an antibiotic used to
treat  various bacterial infections  [142].  This
includes strep throat, pneumonia, skin infections, H.
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pylori infection, and Lyme disease, among others
[142]. Clarithromycin can be taken by mouth as a pill
or liquid [142].

C. Erythromycin:

Erythromycin, figure (27), is an antibiotic used for
the treatment of a number of bacterial infections
[143]. This includes respiratory tract infections, skin
infections, Chlamydia, pelvic inflammatory disease,
and syphilis  [143]. It may also be used
during pregnancy to prevent Group B streptococcal
infection in the newborn [143], as well as to
improve delayed stomach emptying [144]. It can be
given intravenously and by mouth [143]. An eye
ointment is routinely recommended after delivery to
prevent eye infections in the newborn [145].


https://en.wikipedia.org/wiki/Polyketide
https://en.wikipedia.org/wiki/Peptidyltransferase
https://en.wikipedia.org/wiki/Transfer_RNA
https://en.wikipedia.org/wiki/Chloramphenicol
https://en.wikipedia.org/wiki/Peptidyl-tRNA
https://en.wikipedia.org/wiki/Bacteriostatic
https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Otitis_media
https://en.wikipedia.org/wiki/Gastroenteritis
https://en.wikipedia.org/wiki/Malaria
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Figure (25): structure of zithromycin

Other names: 9-deoxy-9a-aza-9a-methyl-9a-homoerythromycin A

Trade names: Zithromax, Azithrocin, others [141]

Figure (26): structure of zithromycin
Trade names: Biaxin

Figure (27): structure of erythromycin
Trade names: Eryc, Erythrocin, others [146]

D. Fidaxomicin:

Fidaxomicin, figure (28), sold under the brand
name Dificid among others, is the first member of a
class of narrow
spectrum macrocyclic antibiotic drugs

called tiacumicins [147]. It is a fermentation product
obtained from the actinomycete Dactylosporangium
aurantiacum subspecies hamdenesis  [148,  149].
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Fidaxomicin is minimally absorbed into the
bloodstream when taken orally, is bactericidal, and
selectively eradicates pathogenic Clostridium
difficile with relatively little disruption to the multiple
species of bacteriathat make up the normal,
healthy intestinal microbiota. The maintenance of
normal physiological conditions in the colon may
reduce the probability of recurrence of Clostridium
difficile infection [150, 151].


https://en.wikipedia.org/wiki/Tiacumicin
https://en.wikipedia.org/wiki/Dactylosporangium_aurantiacum
https://en.wikipedia.org/wiki/Dactylosporangium_aurantiacum
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Figure (28): structure of fidaxomicin
Other names: Clostomicin B1, lipiarmicin, lipiarmycin, lipiarmycin A3, OPT-80, PAR 01, PAR-101,
tiacumicin B

Trade names: Dificid, Dificlir

References

Harris, F., Dennison, S. R., & Phoenix, D.
A. Anionic antimicrobial peptides from
eukaryotic organisms. Current Protein and
Peptide Science, 2009, 10(6), 585-606.
Phoenix, D. A., Dennison, S. R., & Harris,
F. Antimicrobial peptides. John Wiley &
Sons, 2012.

Prabhu, S., Dennison, S. R., Lea, B., Shape,
T. J., Nicholl, I. D., Radecka, 1., & Harris, F.
Anionic  antimicrobial and anticancer
peptides from plants. Critical reviews in
plant sciences, 2013, 32(5), 303-320.
Dennison, S. R., Wallace, J., Harris, F., &
Phoenix, D. A. Amphiphilic a-helical
antimicrobial peptides and their
structure/function relationships. Protein and
peptide letters, 2005, 12(1), 31-39.

Andreu, D., & Rivas, L. Animal
antimicrobial peptides: an overview. Peptide
Science, 1998, 47(6), 415-433.

Wang, G. Post-translational modifications of
natural antimicrobial peptides and strategies
for peptide engineering. Current
biotechnology, 2012, 1(1), 72-79.
Otero-Gonzaiez, A. J., Magalhaes, B. S.,
Garcia-Villarino, M., L6pez-Abarrategui, C.,
Sousa, D. A., Dias, S. C., & Franco, O. L.
Antimicrobial  peptides from  marine

Egypt. J. Chem. 64, No. 8 (2021)

10

11

12

13

invertebrates as a new frontier for microbial
infection control. The FASEB journal, 2010,
24(5), 1320-1334.

I EI-Gamal, M., S Abdel-Maksoud, M., &
Oh, C. H. Recent advances in the research
and development of marine antimicrobial
peptides. Current  topics in  medicinal
chemistry, 2013, 13(16), 2026-2033.

Hoang, V. L., & Kim, S. K. Antimicrobial
peptides from marine sources. Current
Protein and Peptide Science, 2013, 14(3),
205-211.

Harris, F., R Dennison, S., & A Phoenix, D.
Anionic  antimicrobial  peptides  from
eukaryotic organisms and their mechanisms
of action. Current Chemical Biology, 2011,
5(2), 142-153.

Jilek, A., & Kreil, G. D-amino acids in
animal peptides. Monatshefte fur Chemie-
Chemical Monthly, 2008, 139(1), 1-5.
Simmaco, M., Kreil, G., & Barra, D.
Bombinins, antimicrobial peptides from
Bombina species. Biochimica et Biophysica
Acta (BBA)-Biomembranes, 2009, 1788(8),
1551-1555.

Koh, J. M., Bansal, P. S., Torres, A. M., &
Kuchel, P. W. Platypus venom: source of
novel compounds. Australian Journal of
Zoology, 2009, 57(4), 203-210.



PEPTIDE CHEMISTRY'S ROLE IN TREATING MOST SERIOUS DISEASES: 4501

14

15

16

17

18

19

20

21

22

23

Walsh, G. Post-translational modifications
of protein biopharmaceuticals. Drug
discovery today, 2010, 15(17-18), 773-780.
Condé, R., Arguello, M., lzquierdo, J.,
Noguez, R., Moreno, M., & Lanz, H. (2012).
Natural  antimicrobial  peptides  from
eukaryotic organisms. Antimicrobial Agents.
V. Bobbarala (ed), 51-72.

Prabhu, S., Dennison, S. R., Lea, B., Snape,
T. J., Nicholl, I. D., Radecka, I., & Harris, F.
Anionic  antimicrobial and anticancer
peptides from plants. Critical reviews in
plant sciences, 2013, 32(5), 303-320.
Burman, R., Gunasekera, S., Stromstedt, A.
A., & Goransson, U. Chemistry and biology
of cyclotides: circular plant peptides outside
the box. Journal of natural products, 2014,
77(3), 724-736.

Henriques, S. T., Huang, Y. H., Castanho,
M. A, Bagatolli, L. A., Sonza, S,
Tachedjian, G., Craik, D. J.
Phosphatidylethanolamine binding is a
conserved feature of cyclotide-membrane
interactions. Journal of Biological
Chemistry, 2012, 287(40), 33629-33643.
Henriques, S. T., Huang, Y. H., Rosengren,
K. J., Franquelim, H. G., Carvalho, F. A,
Johnson, A., Craik, D. J. Decoding the
membrane activity of the cyclotide kalata
B1: the importance of
phosphatidylethanolamine phospholipids
and lipid organization on hemolytic and anti-
HIV  activities. Journal of  Biological
Chemistry, 2011, 286(27), 24231-24241.
Cardoso, M. H., Cobacho, N. B., Cherobim,
M. D., Pinto, M. F. S., Santos, C,
Maximiano, M. R., Franco, O. L. Insights
into the antimicrobial activities of unusual
antimicrobial  peptide  families  from
amphibian skin. J. Clin. Toxicol, 2014, 4,
1000205.

Dennison, S. R., Mura, M., Harris, F.,
Morton, L. H., Zvelindovsky, A. &
Phoenix, D. A. The role of C-terminal
amidation in the membrane interactions of
the anionic antimicrobial peptide, maximin
H5. Biochimica et Biophysica Acta (BBA)-
Biomembranes, 2015, 1848(5), 1111-1118.
Conlon, J. M., Kolodziejek, J., & Nowotny,
N. Antimicrobial peptides from the skins of
North ~ American  frogs. Biochimica et
Biophysica Acta (BBA)-
Biomembranes, 2009, 1788(8), 1556-1563.
Haney, E. F., Hunter, H. N., Matsuzaki, K.,
& Vogel, H. J. Solution NMR studies of
amphibian antimicrobial peptides: linking
structure  to  function?. Biochimica et
Biophysica Acta (BBA)-

Egypt. J. Chem. 64, No. 8 (2021)

24

25

26

27

28

29

30

31

32

33

34

Biomembranes, 2009, 1788(8), 1639-1655.
Won, H. S., Kang, S. J., & Lee, B. J. Action
mechanism and structural requirements of
the antimicrobial peptides,
gaegurins. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 2009, 1788(8), 1620-
1629.

Dennison, S. R., Harris, F., Bhatt, T., Singh,
J., & Phoenix, D. A. The effect of C-
terminal amidation on the efficacy and
selectivity of antimicrobial and anticancer
peptides. Molecular and cellular
biochemistry, 2009, 332(1), 43-50.

Liu, R., Liu, H., Ma, Y., Wu, J., Yang, H.,
Ye, H., & Lai, R. There are abundant
antimicrobial peptides in brains of two kinds
of Bombina toads. Journal of Proteome
Research, 2011, 10(4), 1806-1815.

Lee, W. H., Li, Y., Lai, R., Li, S., Zhang, Y.,
& Wang, W. Variety of antimicrobial
peptides in the Bombina maxima toad and
evidence of their rapid
diversification. European journal of
immunology, 2005, 35(4), 1220-1229.

Lai, R., Zheng, Y. T., Shen, J. H., Liu, G. J,,
Liu, H., Lee, W. H. Zhang, Y.
Antimicrobial peptides from skin secretions
of Chinese red belly toad Bombina
maxima. Peptides, 2002, 23(3), 427-435.
Dennison, S. R., & Phoenix, D. A. Influence
of C-terminal amidation on the efficacy of
modelin-5. Biochemistry, 2011, 50(9),
1514-1523.

Lai, R., Liu, H., Lee, W. H., & Zhang, Y. An
anionic antimicrobial peptide from toad
Bombina maxima.  Biochemical and
biophysical research communications, 2002,
295(4), 796-799.

Ando, S., Aoyagi, H., Waki, M., Kato, T., &
Izumiya, N. Studies of peptide antibiotics:
XLIHI. Syntheses of gramicidin S analogs
containing D-serine or dehydroalanine in
place of D-phenylalanine and asymmetric
hydrogenation of the dehydroalanine
residue. International journal of peptide and
protein research, 1983, 21(3), 313-321.

Lee, J., Griffin, J. H., & Nicas, T. I. Solid-
phase total synthesis of bacitracin A. The
Journal of organic chemistry, 1996, 61(12),
3983-3986.

Atherton, F. R., Hassall, C. H., & Lambert,
R. W. Synthesis and structure-activity
relationships of antibacterial
phosphonopeptides incorporating (1-
aminoethyl) phosphonic acid and
(aminomethyl) phosphonic acid. Journal of
medicinal chemistry, 1986, 29(1), 29-40.
Rossi, A. M., & Mariwalla, K. Prophylactic



4502

Gaber O. Moustafa and Ahmad M. Shalaby.

35

36

37

38

39

40

41

42

43

44

45

46

47

and empiric use of antibiotics in
dermatologic surgery: a review of the
literature and practical
considerations. Dermatologic surgery, 2012,
38(12), 1898-1921.

Werner, A. H., & Russell, A. D. Mupirocin,
fusidic acid and bacitracin: activity, action
and clinical uses of three topical
antibiotics. Veterinary Dermatology, 1999,
10(3), 225-240.

Lauwers, A., Twyffels, L., Soin, R,
Wauquier, C., Kruys, V., & Gueydan, C.
Post-transcriptional regulation of genes
encoding  anti-microbial  peptides in
Drosophila. Journal of Biological
Chemistry, 2009, 284(13), 8973-8983.
Boman, H. G., & Hultmark, D. Cell-free
immunity in insects. Annual Reviews in
Microbiology, 1987, 41(1), 103-126.

Boman, H. G. Antibacterial peptides: key
components needed in immunity. Cell, 1991,
65(2), 205-207.

Boman, Hans G., Ingrid Faye, Gudmundur
H. Gudmundsson, Jong-Youn Lee, and Dan-
Anders Lidholm. "Cell-free immunity in
Cecropia." EJB Reviews 1991, 1991, 189-
197.

Moore, A. J., Devine, D. A., & Bibby, M. C.
Preliminary experimental anticancer activity
of cecropins. Peptide research, 1994, 7(5),
265-269.

Merrifield, R. B., Vizioli, L. D., & Boman,
H. G. Synthesis of the antibacterial peptide
cecropin A (1-33). Biochemistry, 1982,
21(20), 5020-5031.

Wu, J. M., Jan, P. S, Yu, H. C., Haung, H.
Y., Fang, H. J., Chang, Y. I., & Chen, H. M.
Structure and function of a custom
anticancer peptide, CB1la. Peptides, 2009,
30(5), 839-848.

Hoskin, D. W., & Ramamoorthy, A. Studies
on anticancer activities of antimicrobial
peptides. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 2008, 1778(2), 357-
375.

Silvestro LS (January 2000). Function and
structure of cecropin A (Ph.D. thesis).
University of Pennsylvania.

Smeianov, V., Scott, K., & Reid, G. Activity
of cecropin P1 and FA-LL-37 against
urogenital microflora. Microbes and
infection, 2000, 2(7), 773-777.

Andreau, D., Merrifield, R.B., Steiner, H.,
Boman, H.G.: Proc. Of the 18th Eur. Peptide
Symp. P. 541, Djuronaset (1984), Sweden.
Dima, R.l., & Thirumalai, D. Exploring the
propensities of helices in PrPC to form 3

Egypt. J. Chem. 64, No. 8 (2021)

48

49

50

51

52

53

54

55

56

57

58

sheet using NMR structures and sequence
alignments. Biophysical journal, 2002,
83(3), 1268-1280.

Farver, D. K., Hedge, D. D., & Leg, S. C.
Ramoplanin: a lipoglycodepsipeptide
antibiotic. Annals of
Pharmacotherapy, 2005, 39(5), 863-868.
Fulco, P., & Wenzel, R. P. Ramoplanin: a
topical lipoglycodepsipeptide antibacterial
agent. Expert review of anti-infective
therapy, 2006, 4(6), 939-945.

Scheinfeld, N. A comparison of available
and investigational antibiotics ~ for
complicated skin infections and treatment-
resistant  Staphylococcus aureus and
enterococcus. Journal of  drugs in
dermatology: JDD, 2007, 6(1), 97-103.
Jones, R. N., & Barry, A. L. In vitro
evaluation of ramoplanin (A16686 or
MDL62198): a new depsipeptide complex
for potential topical use. Diagnostic
microbiology and infectious disease, 1989,
12(3), 279-282.

Balagopal, A., & Sears, C. L. Clostridium
difficile: new therapeutic options. Current
opinion in pharmacology, 2007, 7(5), 455-
458,

Gerding, D. N., Muto, C. A., & Owens Jr, R.
C. Treatment of Clostridium difficile
infection. Clinical Infectious Diseases, 2008,
46(Supplement_1), S32-542.

Singh, S. B., Genilloud, O., & Peléez, F.
Terrestrial microorganisms—Filamentous
bacteria, Comprehensive Natural Products
11, Chemistry and Biology, 2010, 2, 109-140

Arthur, M., & Courvalin, P. Genetics and
mechanisms of glycopeptide resistance in
enterococci. Antimicrobial — agents  and
chemotherapy, 1993, 37(8), 1563-1571.
"Vancocin”. The American Society of
Health-System Pharmacists. Archived from
the original on 6 September 2015.
Retrieved 4 September 2015.

Liu, C., Bayer, A., Cosgrove, S. E., Daum,
R. S., Fridkin, S. K., Gorwitz, R. J,, ... &
Chambers, H. F. Clinical practice guidelines
by the Infectious Diseases Society of
America for the treatment of methicillin-
resistant Staphylococcus aureus infections in
adults and children. Clinical infectious
diseases, 2011, 52(3), e18-e55.

Selva, E., Beretta, G., Montanini, N.,
Saddler, G. S., Gastaldo, L., Ferrari, P.,
Denaro, M. Antibiotic GE2270 A: a novel
inhibitor of bacterial protein synthesis |I.
Isolation and characterization. The Journal
of antibiotics, 1991, 44(7), 693-701.



PEPTIDE CHEMISTRY'S ROLE IN TREATING MOST SERIOUS DISEASES: 4503

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Hamilton, R. J. Tarascon Pocket
Pharmacopoeia 2017 Deluxe Lab-Coat
Edition. Jones & Bartlett Learning, 2016.
Shetty, K., Paliyath, G., Pometto, A., &
Levin, R. E. Food biotechnology. Taylor &
Francis Group, LLC. 2006, p. 1028

Pursel, V. G. Modification of production
traits. Animal breeding: Technology for the
21st Century, 1998, 183-200.

Adlerova, L., Bartoskova, A., & Faldyna, M.
J. V. M. Lactoferrin: a review. Veterinarni
Medicina, 2008, 53(9), 457-468.

Sanchez, L., Calvo, M., & Brock, J. H.
Biological role of lactoferrin. Archives of
disease in childhood, 1992, 67(5), 657-661.
Rajagopalan, J. S., Harris, C. M., & Harris,
T. M. The Role of Phenolic Groups in
Vancomycin-Type Glycopeptide
Antibiotics. Bioorganic ~ Chemistry, 1995,
23(1), 54-71.

Brickner, H., Maisch, J., Reinecke, C., &
Kimonyo, A. Use of a-aminoisobutyric acid
and isovaline as marker amino acids for the
detection of fungal polypeptide antibiotics.
Screening of hypocrea. Amino Acids, 1991,
1(2), 251-257.

Brickner, H., Kripp, M., Kie, M., B-Proc. Of
the 8th FRG-USSR Symp. On Chem. Of
Peptides and proteins, Aachen, FRG, 1991.
Bellamy, W., Takase, M., Yamauchi, K,
Wakabayashi, H., Kawase, K., & Tomita, M.
Identification of the bactericidal domain of
lactoferrin. Biochimica et Biophysica Acta
(BBA)-Protein  Structure and Molecular
Enzymology, 1992, 1121(1-2), 130-136.
Sojar, H. T., Hamada, N., & Genco, R. J.
Structures involved in the interaction of
Porphyromonas gingivalis fimbriae and
human  lactoferrin. FEBS  letters, 1998,
422(2), 205-208.

Tsuda, H., Sekine, K., Fujita, K. 1., & ligo,
M. Cancer prevention by bovine lactoferrin
and underlying mechanisms a review of
experimental and clinical
studies. Biochemistry and Cell
Biology, 2002, 80(1), 131-136.

Mohan, K. V. P. C., Kumaraguruparan, R.,
Prathiba, D., & Nagini, S. Modulation of
xenobiotic-metabolizing enzymes and redox
status during chemoprevention of hamster
buccal carcinogenesis by bovine
lactoferrin. Nutrition, 2006, 22(9), 940-946.
Morten Bohmer Strom and John Sigurd
Svendsen, Norway, J. of Peptide science,
special Issue Vol. 4 (1998), P. 404,
Abstracts of the 25th European Peptide
Symp., Budapest, Hungary.

Reynolds, P. E. Structure, biochemistry and

Egypt. J. Chem. 64, No. 8 (2021)

73

74

75

76

77

78

79

80

81

mechanism of action of glycopeptide
antibiotics. European Journal of Clinical
Microbiology and Infectious Diseases, 1989,
8(11), 943-950.

de Lalla, F., Nicolin, R. O. B. E. R. T. O,
Rinaldi, E. N. R. I. C. O., Scarpellini, P.,
Rigoli, R., Manfrin, V., & Tramarin, A.
Prospective study of oral teicoplanin versus
oral  vancomycin  for  therapy  of
pseudomembranous colitis and Clostridium
difficile-associated diarrhea. Antimicrobial
agents and chemotherapy, 1992, 36(10),
2192-2196.

Gilpin M, Milner P (1997). "Resisting
changes -- Over the past 40 years the
glycopeptide antibiotics have played a
crucial role in treating bacterial infections.
But how long can it continue?” Royal
Society of Chemistry. Archived from the
original on 2002-12-21. Retrieved 2006-10-
15.- includes picture of Teicoplanin's
structure.

Bernareggi, A. L. B. E. R. T. O., Borghi, A,,
Borgonovi, M., Cavenaghi, L., Ferrari, P.,
Vekey, K., Zerilli, L. F. Teicoplanin
metabolism in humans. Antimicrobial agents
and chemotherapy, 1992, 36(8), 1744-1749.
Zhu, J., Beugelmans, R., Bourdet, S.,
Chastanet, J., & Roussi, G. A convergent
synthesis of 14-membered FOG ring analogs
of the teicoplanin binding pocket via
intramolecular SNAr reaction. The Journal
of Organic Chemistry, 1995, 60(20), 6389-
6396.

Tossi, A., Sandri, L., & Giangaspero, A.
Amphipathic, a-helical antimicrobial
peptides. Peptide Science, 2000, 55(1), 4-30.
Li, Y., Xiang, Q., Zhang, Q., Huang, Y., &
Su, Z. Overview on the recent study of
antimicrobial peptides: origins, functions,
relative mechanisms and
application. Peptides, 2012, 37(2), 207-215.
Hancock, R.E., Haney, E. F., & Gill, E. E.
The immunology of host defence peptides:
beyond antimicrobial activity. Nature
Reviews Immunology, 2016, 16(5), 321-334.
Azmi, F., Elliott, A. G., Marasini, N., Ramu,
S., Ziora, Z., Kavanagh, A. M., & Toth, I.
Short cationic lipopeptides as effective
antibacterial agents: Design,
physicochemical properties and biological
evaluation. Bioorganic & medicinal
chemistry, 2016, 24(10), 2235-2241.

Zhong, L., Putnam, R.J., Johnson JR, W.C.,
& Rao, A.G. Design and synthesis of
amphipathic antimicrobial
peptides. International journal of peptide
and protein research, 1995, 45(4), 337-347.



4504

Gaber O. Moustafa and Ahmad M. Shalaby.

82

83

84

85

86

87

88

89

90

Izadpanah, A., & Gallo, R. L. Antimicrobial
peptides. Journal of the American Academy
of Dermatology, 2005, 52(3), 381-390.
Abo-Ghalia, M.H.; Moustafa, G.O.;
Alwasidi, A.S.; Naglah, A.M. Cytotoxic
Investigation of Isophthaloyl Cyclopenta
peptides. Lat. Am. J. Pharm. 2017, 36, 1957-
1962.

Moustafa, G.O.; El-Sawy, A.A.; Abo-

Ghalia, M.H.  Synthesis of  novel
cyclopeptide  candidates: I-cyclo-[N°-
isophthaloyl-bis-(Glycine-amino  acid)-L-

lysine] derivatives with expected anticancer
activity.Egypt. J. Chem. 2013, 5, 473-494.

Hassan, A.S.; Moustafa, G.O.; Awad, H.M.
Synthesis and in vitro anticancer activity of
pyrazolo [1, 5-a] pyrimidines and pyrazolo
[3, 4-d][1, 2, 3] triazines. Synth. Commun.
2017, 47, 21, 1963-1972.

Amr, A.E.; Abo-Ghalia, M.H.; Moustafa,
G.0.; Al-Omar, M.A.; Nossier, E.S.;
Elsayed, E.A. Design, synthesis and docking
studies of novel macrocyclic pentapeptides
as anticancer  multi-targeted  kinase
inhibitors. Molecules. 2018, 23, 10.

Moustafa, G.O; Younis, A.; Al-Yousef,
S.A.; Mahmoud, S.Y. Design, synthesis of
novel cyclic pentapeptide derivatives based
on 1, 2-benzenedicarbonyl chloride with
expected anticancer activity. J. Comput.
Theor. Nanosci. 2019, 16, 5-6, 1733-1739.

Kassem, A.F.; Moustafa, G.O.; Nossier,
E.S.; Khalaf, H.S.; Mounier, M.M.; Al-
Yousef, S.A.; Mahmoud, S.Y. In vitro
anticancer  potentiality and molecular
modelling study of novel amino acid
derivatives based on N ! N 3-bis-(1-
hydrazinyl-1-oxopropan-2-yl)

isophthalamide. J. Enzyme Inhib. Med.
Chem. 2019, 34, 1, 1247-1258.

Mohamed, F.H.; Shalaby, A.M.; Soliman,
H.A.; Abdelazem, A.Z.; Mounier, M.M;
Nossier, E.S.; Moustafa, G.O.Design,
Synthesis and Molecular Docking Studies of
Novel Cyclic Pentapeptides Based on
Phthaloyl ~ Chloride  with  Expected
Anticancer Activity. Egypt. J. Chem. 2020,
63, 5, 1723-1736, DOI: 10.21608/EJCHEM.
2019.18452.2137

Abo-Ghalia, M.H.; Moustafa, G.O.; Amr,
A.E.; Naglah, A.M.; Elsayed, E.A.; Bakheit,
A.H.Anticancer activities and 3D-QSAR
studies of some new  synthesized
macrocyclic ~ heptapeptide  derivatives.

Egypt. J. Chem. 64, No. 8 (2021)

91

92

93

94

95

96

97

98

Molecules. 2020, 25(5), 1253.

Kalmouch, A.; Radwan, M.A.A.; Omran,
M.M.; Sharaky, M.; Moustafa,
G.0.Synthesis of novel 2, 3'-bipyrrole
derivatives from chalcone and amino acids
as antitumor agents. Egypt. J. Chem. 2020,
63, 11, 4409 — 4421

Moustafa, G.O., Al-Wasidi, A.S., Naglah,
A.M., Refat, M.S. Isolation and Synthesis of
Dibenzofuran Derivatives Possessing
Anticancer Activities: A Review. Egyptian
Journal of Chemistry, 2020, 63 (6), 2355-
2367.

Elhenawy, A.A; Al-Harbi, L.M.; Moustafa,
G.0.; El-Gazzar, M.A.; Abdel-Rahman,
R.F.; Salim, A.E.Synthesis, comparative
docking, and pharmacological activity of
naproxen amino acid derivatives as possible
anti-inflammatory and analgesic agents.
Drug Des. Devel. Ther.2019, 13, 1773.

Moustafa, G.O.; khalaf, H.; Naglah, A.; Al-
Wasidi, A.; Al-Jafshar, N.; Awad, H.
Synthesis, Molecular Docking Studies, In
Vitro Antimicrobialand Antifungal
Activities of Novel Dipeptide Derivatives
Based on N-(2-(2-hydrazinyl-2-
oxoethylamino)-2-oxoethyl)-Nicotinamide.
Molecules. 2018, 23, 761, DOI:
10.3390/molecules23040761

Naglah, A.M.; Moustafa, G.O.; Al-Omar,
M.A.; Al-Salem, H.A.S.; Hozzein, W.N.
Synthesis, Characterization and In Vitro
Antimicrobial Investigation of Novel Amino
Acids and Dipeptides Based on
Dibenzofuran-2-Sulfonyl-Chloride. J.
Comput. Theor. Nanosci. 2017, 14, 3183-
3190.

Al-Salem, H.A.S.; Naglah, A.M.; Moustafa,
G.0.; Mahmoud, A.Z.; Al-Omar, M.A.
Synthesis of Novel Tripeptides Based on
Dibenzofuran-2-Sulfonyl-[ Aromatic and
Hydroxy Aromatic Residues]: Towards
Antimicrobial and Antifungal Agents. J.
Comput. Theor. Nanosci. 2017, 14, 3958—
3966.

Hassan, A.S.; Moustafa, G.O.; Askar, A.A;;
Naglah, A.M.; Al-Omar, M.A.Synthesis and
antibacterial evaluation of fused pyrazoles
and Schiff bases. Synth. Commun .2018, 48,
21, 2761-2772.

Hassan, A.S.; Askar, A.A.; Nossier, E.S.;
Naglah, A.M.; Moustafa, G.O.; Al-Omar,
M.A. Antibacterial Evaluation, In Silico



PEPTIDE CHEMISTRY'S ROLE IN TREATING MOST SERIOUS DISEASES: 4505

99

100

101

102

103

104

105

106

Characters and Molecular Docking of Schiff
Bases Derived from 5-aminopyrazoles.
Molecules. 2019, 24, 17, 3130.

Hasanin, M.S.; Moustafa, G.O.New
potential green, bioactive and antimicrobial
nanocomposites based on cellulose and
amino acid. International Journal of
Biological Macromolecules. 2019, 144, 441-
448. DOI: 10.1016/ j.ijbiomac.2019.12.133.

Elsherif, M.A.; Hassan, A.S.; Moustafa,
G.0.; Awad, HM.; Morsy, N.M.,
Antimicrobial Evaluation and Molecular
Properties  Prediction of  Pyrazolines
Incorporating Benzofuran and Pyrazole
Moieties. J Appl Pharm Sci, 2020, 10 (02),
037-043, DOI: 10.7324/ JAPS.2020.102006

Hassan, A.S.; Moustafa, G.O.; Morsy, N.M.;
Abdou, A.M.; Hafez, T.S. Design, synthesis
and antibacterial activity of N-aryl-3-
(arylamino)-5-(((5-substituted  furan-2-yl)
methylene) amino)-1H-pyrazole-4-
carboxamide as Nitrofurantoin® analogues.
Egypt. J. Chem. 2020, 63, 11, 4485 - 4497.

Khalaf, H.S., Naglah, A.M., Al-Omar, M.A.,
Moustafa, G.O.; Awad, H.M., Bakheit, A.H.
Synthesis, docking, computational studies,

and antimicrobial evaluations of new
dipeptide derivatives based on
nicotinoylglycylglycine hydrazide.

Molecules, 2020, 25 (16), 3589.

Al-Wasidi, A.S., Naglah, A.M., Kalmouch,
A., Adam, AM.A., Refat, M.S., Moustafa,
G.0. Preparation of Cr,03, MnO;, Fe;0s,
NiO, CuO, and ZnO oxides using their
glycine complexes as precursors for in situ
thermal decomposition. Egyptian Journal of
Chemistry, 2020, 63 (3), 1109-1118.

Al-Wasidi, A.S., Naglah, A.M., Refat, M.S.,
El-Megharbel, S.M., Kalmouch, A,
Moustafa, G.O. Synthesis, spectroscopic
characterization and antimicrobial studies of
Mn(11), Co(ll), Ni(ll), Cr(lll) and Fe(ll)
melatonin  drug complexes.  Egyptian
Journal of Chemistry, 2020, 63 (4), 1469-
1481.

Al-Wasidi, A.S., Wafeek, M. Abd EI-
Ghaffar, H.A., Naglah, A.M., Kalmouch, A.,
Hamed, M., Moustafa, G.O. Effect of
Density on Growth Hormone and Some
Physiological Parameters and its Relation to
Growth Performance. Egyptian Journal of
Chemistry, 2020, 63 (4), 1575-1584

Naglah, A.M., Moustafa, G.O., Elhenawy,
A.A., Mounier, M.M., El-Sayed, H.,. Al-

Egypt. J. Chem. 64, No. 8 (2021)

107

108

109

110

111

112

113

114

115

116

Omar, M.A Almehizia, A.A., Bhat, M.A.
Ne-1, 3-Benzenedicarbonyl-bis-(Amino
Acid) and Dipeptide Candidates: Synthesis,
Cytotoxic, Antimicrobial, Antifungal and
Molecular Docking Investigation. Drug
Design, Development and Therapy, 2021,
15, 1315-1332.

Moustafa, G.O., Therapeutic Potentials of
Cyclic Peptides as Promising Anticancer
Drugs. Egyptian Journal of Chemistry, 2021,
64 (4), 1777-1787.

Moustafa, G.O., Synthesis of dibenzofuran
derivatives possessing anti-bacterial
activities, Egyptian Journal of
Chemistry, 2021, 64 (4), 2075-2093.
Moustafa, G.O., Synthesis of Dibenzofurans
Possessing Anti-Allergy, Antioxidant, Anti-
Inflammatory, Antimalarial and Treatment
of Skin Conditions, Egyptian Journal of
Chemistry, 2021, 64(5), 2539-2556

Hassan, A. S., Moustafa, G. O., Awad, H.
M., Nossier, E. S., & Mady, M. F. (2021).
Design, Synthesis, Anticancer Evaluation,
Enzymatic Assays, and a Molecular
Modeling Study of Novel Pyrazole—Indole
Hybrids. ACS Omega, 2021, 6, 12361-
12374,

Eman A. Abd EI-Meguid, Gaber O.
Moustafa, Hanem M. Awad, Eman R. Zaki,
Eman S. Nossier, Novel benzothiazole
hybrids targeting EGFR: Design, synthesis,
biological evaluation and molecular docking
studies, journal of molecular structure,
2021, 1240, 130595

Mojsoska, B., & Jenssen, H. Peptides and
peptidomimetics for antimicrobial drug
design. Pharmaceuticals, 8(3), 2015, 366-
415,

Agier, J., & Brzezinska-Btaszczyk, E.
Cathelicidins and defensins regulate mast
cell antimicrobial activity. Postepy higieny i
medycyny doswiadczalnej (Online), 2016,
70, 618-636.

N Lorenzén, E., A Santos-Filho, N., AS
Ramos, M., M Bauab, T., LBC Camargo, .,
& M Cilli, E. C-terminal lysine-linked
magainin 2 with increased activity against
multidrug-resistant  bacteria. Protein  and
peptide letters, 2016, 23(8), 738-747.
Ouyang, L., Xu, X., Freed, S., Gao, Y., Yu,
J., Wang, S., & Jin, F. Cecropins from
Plutella xylostella and Their Interaction with
Metarhizium anisopliae. Plos One, 2015,
10(11), e0142451.

Taveira, G. B., Carvalho, A. O., Rodrigues,
R., Trindade, F. G., Da Cunha, M., &
Gomes, V. M. Thionin-like peptide from
Capsicum annuum fruits: mechanism of



4506

Gaber O. Moustafa and Ahmad M. Shalaby.

117

118

119

120

121

122

123

124

125

126

127

action and synergism with fluconazole
against Candida species. BMC microbiology,
2016, 16(1), 1-13.

Lee, J., Griffin, J. H., & Nicas, T. I. Solid-
phase total synthesis of bacitracin A. The
Journal of organic chemistry, 1996, 61(12),
3983-3986.

Elks, J. (Ed.). The dictionary of drugs:
chemical data: chemical data, structures
and bibliographies. Springer, 2014.
Porras-Luque, J. I. Topical antimicrobial
agents in  dermatology. Actas  dermo-
sifiliograficas, 2007, 98, 29-39.

Trookman, N. S., Rizer, R. L., & Weber, T.
Treatment of minor wounds from
dermatologic procedures: a comparison of
three topical wound care ointments using a
laser wound model. Journal of the American
Academy of Dermatology, 2011, 64(3), S8-
S15.

Végh, A. G., Nagy, K., Bélint, Z., Kerényi,
A., Rékhely, G., Vard, G., & Szegletes, Z.
Effect of antimicrobial peptide-amide:
indolicidin on biological
membranes. Journal of Biomedicine and
Biotechnology, 2011, 2011.

Selsted, M. E., Novotny, M. J., Morris, W.
L., Tang, Y. Q., Smith, W., & Cullor, J. S.

Indolicidin, a novel bactericidal
tridecapeptide amide from
neutrophils. Journal of Biological

Chemistry, 1992, 267(7), 4292-4295.

ABEL, R. J. V., TANG, Y. Q., Rao, V. S.
V., Dobbs, C. H., Tran, D., Barany, G., &
Selsted, M. E. Synthesis and characterization
of indolicidin, a tryptophan-rich
antimicrobial peptide  from  bovine
neutrophils. International journal of peptide
and protein research, 1995, 45(5), 401-409.
Selsted, M. E., Novotny, M. J., Morris, W.
L., Tang, Y. Q., Smith, W., & Cullor, J. S.

Indolicidin, a novel bactericidal
tridecapeptide amide from
neutrophils. Journal of Biological

Chemistry, 1992, 267(7), 4292-4295.
Bowdish, D. M., Davidson, D. J., Scott, M.
G., & Hancock, R. E. Immunomodulatory
activities  of  small host  defense
peptides. Antimicrobial agents and
chemotherapy, 2005, 49(5), 1727-1732.
Falla, T.J., Karunaratne, D.N., & Hancock,
R.E. Mode of action of the antimicrobial
peptide indolicidin. Journal of Biological
Chemistry, 1996, 271(32), 19298-19303.
Subbalakshmi, C., Krishnakumari, V.,
Sitaram, N., & Nagaraj, R. Interaction of
indolicidin, a 13-residue peptide rich in

Egypt. J. Chem. 64, No. 8 (2021)

128

129

130

131

132

133

134

135

136

137

tryptophan and proline and its analogues
with  model  membranes. Journal  of
biosciences, 1998, 23(1), 9-13.

Rozek, A., Friedrich, C. L., & Hancock, R.
E. Structure of the bovine antimicrobial
peptide indolicidin bound to
dodecylphosphocholine and sodium dodecyl
sulfate micelles. Biochemistry, 2000, 39(51),
15765-15774.

Andrushchenko, V. V., Vogel, H. J., &
Prenner, E. J. Solvent-dependent structure of
two tryptophan-rich antimicrobial peptides
and their analogs studied by FTIR and CD
spectroscopy. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 2006, 1758(10),
1596-1608.

Yoshiki Uchida and Mitsuno Shindo, Japan,
J. Of peptide science, Vol. (4) (1998), P.
405, Abstracts of the 25th European Peptide
Symp., Budapest, Hungary.

Zanetti, M., Gennaro, R., & Romeo, D.
Cathelicidins: a novel protein family with a
common proregion and a variable C-
terminal antimicrobial domain. FEBS
letters, 1995, 374(1), 1-5.

Marco Scocchi, Daniela Bontempo, Barbara
Skerlavaj, Renato Gennaro, Margherita
Zanetti, Italy, J. Of Peptide science, Vol. (4)
(1998), P. 406, Abstracts of 25th European
Peptide Symp., Budapest, Hungary.

Alain Blond, Jean Peduzzi, Christophe
Goulard, Maria Jose Chiuchiolo, Yann
Prigent, Michel Bartheleny, Raul Salomon,
Felipe Moreno, and Sylvie Rebuffat. J. of
Peptide Science, Vol. (4) (1998), P. 206,
Abstracts of the 25th European Peptide
Symp., Budapest, Hungargy.

Solbiati, J. O., Ciaccio, M., Farias, R. N., &
Salomon, R. A. Genetic analysis of plasmid
determinants for microcin J25 production

and immunity. Journal of
Bacteriology, 1996, 178(12), 3661-3663.
Bayer, A., Freund, S., & Jung, G.

Post-Translational Heterocyclic Backbone
Modifications in the 43-Peptide Antibiotic
Microcin B17: Structure Elucidation and
NMR Study of a 13C, 18N-Labelled Gyrase
Inhibitor. European journal of
biochemistry, 1995, 234(2), 414-426.

Kaiser, G. (2009). Protein synthesis
inhibitors: macrolides mechanism of action
animation. Classification of Agents
Pharmamotion; The Community College of
Baltimore County: Baltimore County, MD,
USA.

Drainas, D.,
Coutsogeorgopoulos, C.

Kalpaxis, D. L., &
Inhibition  of



PEPTIDE CHEMISTRY'S ROLE IN TREATING MOST SERIOUS DISEASES: 4507

138

139

140

141

142

143

144

ribosomal peptidyltransferase by
chloramphenicol: kinetic studies. European
journal of biochemistry, 1987, 164(1), 53-
58.

Tenson, T., Lovmar, M., & Ehrenberg, M.
The mechanism of action of macrolides,
lincosamides and streptogramin B reveals
the nascent peptide exit path in the
ribosome. Journal of molecular
biology, 2003, 330(5), 1005-1014.

Bailly, S., Pocidalo, J. J., Fay, M., &
Gougerot-Pocidalo, M. A. Differential
modulation of cytokine production by
macrolides: interleukin-6 production is
increased by spiramycin and
erythromycin. Antimicrobial Agents and
Chemotherapy, 1991, 35(10), 2016-2019.

"Azithromycin". The American Society of
Health-System Pharmacists. Archived from

the original on 5 September 2015.
Retrieved 1 August 2015.
"Azithromycin International Brands".

Drugs.com. Archived from the original on
28 February 2017. Retrieved 27
February 2017.

"Clarithromycin®”. The American Society of
Health-System Pharmacists. Archived from
the original on September 3, 2015.
Retrieved September 4, 2015.
"Erythromycin”. The American Society of
Health-System Pharmacists. Archived from
the original on 2015-09-06. Retrieved Aug
1, 2015.

Camilleri, M., Parkman, H. P., Shafi, M. A.,
Abell, T. L., & Gerson, L. (2013). Clinical

Egypt. J. Chem. 64, No. 8 (2021)

145

146

147

148

149

150

151

guideline: management of gastroparesis. The
American journal of
gastroenterology, 108(1), 18-37.

Matejcek, A., & Goldman, R. D. Treatment
and prevention of ophthalmia
neonatorum. Canadian Family
Physician, 2013, 59(11), 1187-1190.
"Erythromycin”. The American Society of
Health-System Pharmacists. Archived from
the original on 2015-09-06. Retrieved Aug
1, 2015.

Revill, P., Serradell, N., & Bolos, J.
Tiacumicin B. Drugs Fut, 2006, 31, 494-
497.

"Dificid- fidaxomicin tablet, film coated
Dificid- fidaxomicin granule, for
suspension". DailyMed. 18 February 2020.
Retrieved 26 March 2020.

"Fidaxomicin". Drugs in R&D. 10 (1): 37—
45, 2012.

Louie, T. J., Emery, J., Krulicki, W., Byrne,
B.,, & Mah, M. OPT-80 eliminates
Clostridium difficile and is sparing of
bacteroides species during treatment of C.
difficile infection. Antimicrobial agents and
chemotherapy, 2009, 53(1), 261-263.
Johnson, S. Recurrent Clostridium difficile
infection: a review of risk factors,
treatments, and outcomes. Journal of
Infection, 2009, 58(6), 403-410.



