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Analysis of molecular structure and chemical distribution of heme proteins: from model studies to functional
animal cells (supervisor dr. habil. Katarzyna M. Marzec) — one position for PhD student

The main goal of the research will be spectroscopic analyzes of the chosen heme proteins with the
diagnostic potential inside animal cells and tissue specimens. To the detail goals may include especially
application of the Raman spectroscopy (RS) and complementary techniques for studies of molecular structure
and analysis of distribution of hemoglobin (Hb) and cytochrome ¢ (Cc) in situ in cells and tissues. Such heme
proteins are a major mediator in maintaining vascular homeostasis and participate in life-supporting processes.
We have previously demonstrated the possibility of Hb analysis and its distribution in both in vitro studies at the
level of erythrocytes, as well as in ex vivo examinations for blood smears and tissue specimens. It has been
shown that structural changes of Hb, and their distribution show diagnostic potential in the assessment of: Hb
adducts demonstrating endothelial dysfunction for functional erythrocytes; malaria parasite detection;
erythrocyte alterations as well as formation of non—functional Hb adducts; and thrombi and clots analysis that
may be a biomarker of their origin. These types of research will be continued and broaden by analysis of other
hemoporphyrine compounds including mainly cytochromes. Despite extensive studies of group of cytochromes,
it remains obscure how structural changes of these heme proteins affects their functionality. Application of RS
will allow to track these changes at various cell life cycle and differentiate between ferrous and ferric forms
which ratio may be crucial in the cell physiological state evaluation.

Studies using RS spectroscopy to analyze the molecular structure of chemical compounds have been
conducted for many years, but only the last decade has brought a huge development of this method in animal
tissue and cell research for diagnostic and pharmaceutical purposes. RS spectroscopy overcomes many
limitations of current techniques of examining cells and animal tissues however, it cannot be used by biologists
and physicians for diagnostic purposes, without previously performed structural, chemometrics and vibrational
analysis. An important aspect is also the development of an appropriate methodology. We are seeking for a
motivated PhD candidate interested in working in this project to join the interdisciplinary team of this project
and JCET lab. The candidate will gain opportunity to extend knowledge about resonance Raman application in
heme proteins studies, starting from studies on model compounds and isolated proteins as well as in vitro
application for cell lines and isolated red blood cells. All the measurements will be supported with chemometric
analysis and other reference techniques available at JCET facility.
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