
Summary 

In the face of the growing crisis of microbial resistance to antibiotics, antimicrobial 

photodynamic therapy (aPDT) represents a promising therapeutic approach for the treatment of 

bacterial infections, including those characterized by drug-resistant profiles. The mechanism of aPDT 

is based on the synergy between a chemical compound known as a photosensitizer, light of an 

appropriate wavelength, and oxygen. The combined action of these elements leads to the generation 

of reactive oxygen species and irreversible damage to pathogen biomolecules. Despite its 

documented clinical effectiveness against a broad spectrum of bacteria, fungi, and viruses, the 

biological determinants of bacterial cell sensitivity to aPDT remain largely unexplored. This dissertation 

addresses this problem by focusing on the role of membrane lipids, particularly cardiolipin. As a key 

component of bacterial inner membranes, cardiolipin is responsible for the stabilization of respiratory 

complexes, cell division, and membrane integrity. Due to its high content of unsaturated acyl chains, 

this lipid is exceptionally susceptible to peroxidation, which in cancer therapy research has been 

associated with mitochondrial dysfunction and the induction of apoptosis. By filling a research gap, this 

dissertation analyzes how quantitative and qualitative changes within cardiolipin domains determine 

the effectiveness of bacterial photoinactivation. 

Due to its interdisciplinary nature, the research was divided into several stages, the first of which was 

a systematic review of the literature. This review revealed a critical lack of standardization in aPDT 

studies, which hampers result reproducibility, comparison, and effective translation of in vitro findings 

into clinical practice. The review publication included in this dissertation identifies light source 

parameters as the main determinants of therapeutic efficacy, resulting from their control over ROS 

generation. It proposes a unified framework for reporting physicochemical and biological variables, 

providing a foundation for reproducible studies on the molecular mechanisms of photoinactivation. 

Such standardization is essential for the development of aPDT as a sustainable clinical alternative. 

In the next stage, the effectiveness of aPDT was evaluated against clinical strains with diverse 

resistance profiles isolated from patients with diabetic foot ulcers. Using an innovative light source in 

the form of organic light-emitting diodes, it was demonstrated that treatment efficacy was not 

correlated with antibiotic resistance profiles or with the classical classification into Gram-positive and 

Gram-negative bacteria. These results suggested an important role of other cellular structures in the 



photoinactivation process. A key scientific contribution of this dissertation is the identification of 

cardiolipin as an important determinant of bacterial sensitivity to aPDT. Through the use of genetic 

mutants and environmental modulation, the so-called “cardiolipin paradox” was discovered. Although 

this lipid is chemically highly susceptible to oxidation, in living bacteria it forms microdomains at the 

cell poles that stabilize membrane proteins responsible for energy metabolism and ROS defense 

systems. Cells lacking cardiolipin exhibited significantly higher susceptibility to aPDT, demonstrating 

that the presence of this lipid in living organisms enhances resistance by maintaining the integrity of 

functional membrane domains and the membrane as a whole. In conclusion, this dissertation shows 

that optimization of aPDT requires consideration of bacterial lipidome architecture, opening new 

perspectives for the design of targeted therapies that increase clinical potential in the treatment of 

chronic wound infections. 

 


