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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Streptococcus pneumoniae (pneumococcus) is the leading cause of bacterial otitis media,
pneumonia, meningitis, sepsis, and other severe infections. It is responsible for up to 45% of
pneumonia cases, highlighting the high morbidity and mortality associated with pneumococcal
diseases. While current vaccines based on polysaccharide capsules protect against a quarter
of known serotypes, they do not prevent colonization or infection by nonencapsulated
pneumococci. Pneumolysin (PLY), a pore-forming toxin produced by S. pneumoniae, is a key
virulence factor and a potential target for protein-based vaccines. PLY plays a significant role in
severe outcomes, including lung and myocardial dysfunction, by disrupting the endothelial
barrier, increasing permeability, and causing pulmonary edema. The toxic effects of PLY have
been demonstrated in animal models of pneumonia, suggesting that neutralizing PLY’s activity
could reduce pneumococcal pathogenicity.

Rationale and hypothesis

Beyond pore formation, PLY exerts additional pathogenic effects on host cells. At sublytic doses,
it may facilitate pneumococcal invasion of alveolar macrophages and dendritic cells by
suppressing proinflammatory cytokine responses, thereby evading host defenses. Additionally,
sublytic PLY can trigger cytoskeletal rearrangement and proinflammatory signaling. Antibodies
can neutralize its cytolytic activity by blocking receptor binding or disrupting oligomerization.

Objectives and specific aims
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Monoclonal antibodies against pneumolysin (PLY) will be isolated using a phage display library
and screened through biopanning with recombinant PLY. ELISA and Western blot will confirm PLY-
specific clones, which will be expressed and purified for characterization. Functional assays will
assess their ability to neutralize PLY hemolytic activity and block receptor interactions. In vitro
studies using alveolar epithelial and endothelial cells will evaluate their protective effects
against PLY-induced cytotoxicity and inflammation, supporting their potential as therapeutic
agents against pneumococcal disease.

Expected outcomes

This project is expected to yield a panel of monoclonal antibodies endowed with specificity for
PLY and/or other bacterial lysins and selected by Phage Display. These antibodies will be
characterized for their ability to neutralize PLY hemolytic activity and block its interactions with
host receptors, providing insights into their mechanism of action. In vitro studies using alveolar
epithelial and endothelial cells will demonstrate their protective effects against PLY-induced
cytotoxicity and inflammation, offering potential therapeutic candidates for mitigating
pneumococcal toxin-related pathogenesis. The findings will contribute to the development of
antibody-based strategies for combating pneumococcal infections.

Skills that the student should acquire (max. 600 characters including spaces):

The student should acquire skills in phage display technology to isolate and characterize
monoclonal antibodies. The student will gain proficiency in antibody characterization using ELISA
and Western blotting, and learn to perform functional assays to assess PLY neutralization. The
student will develop expertise in working with primary and immortalized cell lines, using confocal
microscopy, and conducting protein purification. Additionally, they will gain experience in in

silico epitope prediction, cloning procedures, data analysis, and scientific communication.
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