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Peptides are naturally produced by all organisms and exhibit a wide range of physiological, immunomodulatory, and

wound healing functions. Furthermore, they can provide with protection against microorganisms and tumor cells. Their

multifaceted performance, high selectivity, and reduced toxicity have positioned them as effective therapeutic agents,

representing a positive economic impact for pharmaceutical companies. Currently, efforts have been made to invest in the

development of new peptides with antimicrobial and anticancer properties, but the poor stability of these molecules in

physiological environments has triggered a bottleneck. Therefore, some tools, such as nanotechnology and  in
silico  approaches can be applied as alternatives to try to overcome these obstacles.  In silico studies provide a priori

knowledge that can lead to the development of new anticancer peptides with enhanced biological activity and improved

stability.
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1. Introduction

The necessity to generate new drugs to combat problems of not only cancer drug resistance but also bacterial drug

resistance, along with poor selectivity and adverse effects on normal cells has allowed peptides to make their way into the

pharmaceutical industry . Peptides emerged as one of the alternatives for therapeutic intervention because they mimic

the natural metabolic effects within the body with low toxicity and better selectivity . For example, peptides that can

mimic hormonal activities are involved in various processes of antimicrobial defense, wound healing, and activation of

immune response. To give a clearer example, we could talk about insulin, whose isolation, purification, and subsequent

synthetic production have helped generations of people suffering from diabetes; adrenocorticotropic hormone (ACTH);

and calcitonin .

Other peptides are oxytocin and synthetic vasopressin that paved the way for the synthetic biology market, which is

always looking to decrease the use and damage of animals for the extraction and purification of molecules with

therapeutic potential . Many of these drugs were located within the “era of chemistry,” and are based on a rational

design of compounds in terms of interaction with the target and the design of the ligand and the receptor .

In the 21st century, pharmaceutical companies experienced dramatic changes in drug safety regulations, lengthy

compound development processes, and financial efforts that influenced investment in research and development .

Today, we could say that we are in the era of in silico design because of the tools of bioinformatics and molecular

dynamics (simulation) that allow us to obtain information about the genome, transcriptome, and proteomics of organisms,

thereby finding patterns and analyzing, modeling, and simulating molecules in systems similar to those presented by

nature .

However, not everything is perfect with peptides as there are limitations to their use. These limitations include a short

plasma half-life, which is due to the presence of peptidases that inactivate the peptides, and the possible immunogenicity

that they can arouse in the host .

Despite the disadvantages of peptides, to date more than 150 peptides in clinical trials have been approved in the United

States, Europe, and Japan . The current market for peptides is approximately USD 19 billion and by the end of 2020, it

is expected to reach USD 23 billion . To date, 63 peptides have been approved by the US Food and Drug Administration

. Peptides marketed include bacitracin, colistin, daptomycin, enfuvirtide, vancomycin, telavancin, teicoplanin, and

dalbavancin .

The peptide therapeutics market is increasing year by year, starting with 10 peptides approved in 1980 to about 30 in

2010, with an average of 5 years in clinical studies before their release to the market . This market is estimated at over

USD 40 billion per year, equivalent to 10% of the pharmaceutical market . There was a drop in the peptide market

between 2010 and 2015 because pharmaceutical companies lost interest in peptides due to their low stability and oral
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bioavailability, replacing it with interest in small molecules that imitate peptides . However, in recent years, the use of

peptides has been on the rise because of advances in formulation, chemical modifications, and peptide delivery

technologies , such as nanoemulsions, biopolymers (polyethylene glycol), and liposomes .

The current biopharmaceutical approaches are in search of new peptides from different species as there is an impressive

variety, these peptides emerging from evolution mainly through the selective pressure, showing distinctive characteristics,

such as selectivity and affinity against bacteria or cancer membranes . One of the future challenges with peptides is to

decrease protease degradation in our body through the use of liposomes or nanoparticles, improving bioavailability and

peptide lifetime. Other challenges are improving in the solubility of most of the hydrophobic peptides, fast elimination, poor

permeability of membranes, and cost of manufacture .

Nowadays, the interest in peptides is growing; the evidence of the growth is the rise in the number of publications on the

topic of peptides. The most frequent publications on the Science Direct website are related to the topics of plants,

mammals, and fish. The least frequent ones are about amphibians and frogs. However, authors, such as Uhlig et al.

(2014)  point out that these publications are the most frequent in research, specifically on the topic of frog skin.

There are many areas of interest for various researches on peptides worldwide. However, the two aspects that are

showing strength are the development of anticancer and antimicrobial peptides because of the resistance and low

selectivity of conventional drugs . There are two types of conventional anticancer drug resistance, intrinsic and

acquired. Intrinsic resistance is related to genetic variations in the somatic cells of patients with tumors. Acquired

resistance is due to the expression of energy-dependent transporters that eject anticancer drugs from the cells before

they come into contact with the target .

In recent years, research has been conducted on a particular type of peptide that fights bacteria and cancer

simultaneously. There are two types of anticancer peptides. The first one is active against mammalian, bacterial, and

cancer cells. The second one corresponds to those active against bacterial and cancer cells, such as cecropins and

magainins , and these are referred to as peptides with dual antibacterial–anticancer activity . So, far there

have been few studies on the physicochemical properties, structure, and characteristics of these peptides, allowing both

bioprospecting and in silico design . The study by Felicio et al. (2017) aimed to reveal certain characteristics

of these peptides, such as alpha-helix and β-sheets structures, positive net charge, high hydrophobicity, and lengths of up

to 30 residues .

2. Efforts to Overcome Peptide Limitations

The challenge of overcoming the limitations of peptides has driven the scientific community to search for solutions, such

as peptide engineering via amino acid substitution, peptide conjugation, new formulations, and alternative delivery

strategies . Peptide engineering is based on the replacement of amino acids with d-amino acids to improve stability and

half-life, to which N-acetylation and C-amidation are applied .

Peptide conjugation consists of peptide sticking, that is, the addition of polymers, such as poly(lactic-co-glycolic acid),

polyvinylpyrrolidone, and polyethylene glycol, to peptides, which contributes to an improvement in bioavailability and an

increase in half-life. It can also help prevent immune response and protect against degradation .

Another conjugation of peptides is with lipids, which is also known as lipidation. It produces amphiphilic peptides with

increased bioavailability, improving the half-life, receptor selectivity, potency, and membrane penetration . Daptomycin

is one of these lipopeptides, which is produced from natural lipidation and is widely used to treat diseases caused by

Gram-positive bacteria. Another example of natural lipidation is surfactin, which exhibits antimicrobial, antiviral, and

antitumor activities . Some of the peptides on the market that have gone through synthetic lipidation are liraglutide

(Victoza ) and insulin detemir (Levemir ) .

Cycling, N-methylation, and lactamic bridges have improved the permeability, stability, potency, and solubility of peptides

. An alternative use of peptides to improve its potency and selectivity is the synergy of peptides with each other and

with other conventional drugs. One example is the study by Kampshof et al. (2019) that shows how peptides, such as

melimine and protamine, when combined with cefepime and ciprofloxacin, reduce resistance to fluoroquinolones in

Pseudomonas aeruginosa (Figure 1) .
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Figure 1. Peptide limitations and how to overcome them. . On the left side there are four limitations to

working with peptides which are in red. In green on the right side the three main strategies to mitigate the limitations are

shown and also the more specific strategies broken down in each of them in blue.

New formulation strategies to protect peptides from degradation include the addition of protease inhibitors. The

incorporation of salt, sugar, and heparin in the formulations improves bioavailability, solubility, and stability in vivo .

Another type of formulation is hydrogels. They are three-dimensional fiber networks that can retain large amounts of water

up to 1000 times their dry weight . They can be made of homopolymers or molecules that can self-assemble into more

complex structures . These systems attract attention because of their varied applicability, such as drug delivery and

tissue regeneration . Peptide-based hydrogels, such as MAX8 (VKVKVKVK-VDPPT-KVEVKV-NH2) and RAD16 (AcN-

RADARADARAD-CONH2), are remarkable because of their biocompatibility, biodegradability, and easy synthesis .

They also work as drug delivery matrices in a controlled way or as scaffolds to insert stem cells to promote tissue

regeneration. Another advantage of these hydrogels is the ease with which they can be administered as they are

injectable, thus avoiding surgical interventions .

Nanoparticles are another type of formulation used in inorganic and organic systems. In inorganic systems, nanoparticles

are used with metallic ions, such as silver, gold, and zinc oxide. On the other hand, in organic systems, liposomes and

polymer nanoparticles are found . Similar to hydrogels, nanoparticles have high biocompatibility and biodegradability,

and low cytotoxicity. Homopolymers and copolymers of polylactide or polyglycolic acid are frequently used. They are

classified according to their architecture into nanospheres, nanocapsules, conjugated polymers, and polyelectrolyte

complexes . Nanoparticles can be used to transport proteins and peptides, whose conjugation generates a synergistic

effect that improves the limitations of each one of the materials and achieves uses, such as inhibition of the interactions of

pathogenic proteins and high sensitivity in molecular imaging .
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