
Since their introduction in the early 1940s, antibiotics have revolutionized modern medicine, saving hundreds 

of millions of lives. However, decades of overuse and misuse - especially in agriculture and the food industry - 

have driven the rapid rise of drug-resistant bacteria and fungi. Nowadays, antimicrobial resistance among 

microorganisms constitutes one of the greatest global health threats. According to the latest predictions, multidrug-

resistant infections are projected to cause up to 10 million deaths annually and cost the global economy 

$160 billion per year by 2050. Alongside this crisis, drug-resistant fungi constitute the so-called “silent pandemic”, 

even more dangerous than the bacterial one, because of the limited availability of antifungal drugs and the absence 

of effective vaccines. At the same time, the development pipeline for new antibiotics has slowed dramatically, 

creating an urgent need for innovative antimicrobial solutions. 

Among the most promising alternatives to traditional antibiotics are antimicrobial peptides (AMPs) - 

small, natural molecules that form part of the immune defense systems of many organisms. Unlike traditional 

antibiotics, AMPs kill microbes by destabilizing their cellular envelopes. Thanks to this feature, a single AMP can 

be used to fight multiple bacterial species. However, the clinical use of AMPs faces a major limitation due to their 

instability in the human body, where they are quickly degraded by enzymes and lose their functional structure. 

Another issue is related to their biocompatibility. 

To overcome these challenges, this project introduces a dual molecular engineering approach that shall 

improve peptide stability and performance. Based on known peptide sequences, I plan to design and synthesize 

selected AMPs as analogues composed of the D-amino acids, as well as their variants stabilized through the 

introduction of intramolecular “stapling”. This modification will provide an improved resistance to enzymatic 

degradation, since enzymes don’t recognize D-peptides. At the same time, a molecular staple formed by the 

peptides’ side chains will lock the peptide in a stable, active structure, particularly important for interacting 

with the surface of microbial cells. 

This complementary approach will enable the establishment of a set of stapled, antimicrobial D-peptides 

exhibiting superior structural and enzymatic stability. These compounds will subsequently be tested against the 

pathogenic microorganisms - the ESKAPEE group bacteria. This group of bacteria is considered the most 

dangerous and a priority in modern-day medicine. To fully address current clinical needs, the antimicrobial testing 

will be extended to include the emerging fungal species, such as Candida auris and Cryptococcus neoformans, 

a fungal species that causes difficult-to-cure brain infections.  

The most promising, that is best-performing, stapled D-peptides will undergo the antibiofilm assay and 

a careful and detailed safety evaluation, which will include the biocompatibility testing using human cells, 

followed by the infection-treatment assay on the greater wax moth (Galleria mellonella) larvae. The final safety 

testing, combined with the antimicrobial testing on clinically isolated bacteria and bacterial biofilms, 

will be performed in collaboration with University Medicine Rostock in Germany.  

The results of this project will contribute to developing novel, unconventional peptide-based antimicrobial 

agents, offering a potential solution to the increasing global challenge of antimicrobial resistance. 
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