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Title of Project / Field of Research:
Development of peptide mimetics for mitochondria preservation
Description of Project:
This project will investigate sequence-defined peptides and peptide mimetics for mitochondrial preservation. Effective molecular architectures must interact with mitochondrial membranes while modulating ice formation without compromising mitochondrial function. We will determine how side-chain chemistry, sequence, and molecular architecture govern membrane interactions and ice-recrystallization inhibition, and how these properties translate to preservation of mitochondrial membrane integrity and biological function.
Mitochondria will be isolated from cells and mouse liver and evaluated under controlled storage and freeze–thaw conditions. Designed molecules will be screened using complementary structural and functional assays to establish relationships between molecular architecture and mitochondrial preservation. Functional measurements will include ATP production, membrane potential, and oxygen consumption. Lead designs will be further characterized by dynamic light scattering to quantify changes in mitochondrial size and aggregation, with selected candidates examined by electron microscopy to assess membrane integrity and morphology. Cell biocompatibility of the designed molecules will also be evaluated.
Overall, these studies will identify molecular design principles and lead candidates that preserve both mitochondrial physical integrity and function during short- and long-term storage. Experiments will be performed in collaboration with Dr. Chris Fry, an expert in solid-phase synthesis at Argonne National Laboratory, and Prof. Bin Jiang, an expert in mitochondrial engineering in the NU Department of Surgery, Feinberg School of Medicine.
Reasonable Expected Outcome of Project:
1. Expand the current molecular library with additional peptide sequences and molecular architectures.
2. Determine how sequence, side-chain chemistry, and molecular architecture influence preservation of mitochondrial structure and function.
3. Identify lead molecular designs capable of preserving mitochondrial structure and function across storage periods ranging from one week to one year.
Preferred Skills or Pre‐requisites Necessary to Complete the Project:
Required knowledge: Organic chemistry and biochemistry.
Required skills: Prior wet-lab experience in chemistry and/or molecular biology. Relevant experience may include rotary evaporation, mass spectrometry, HPLC, mammalian cell culture, planning and performing multi-well plate bioassays, fluorescence microscopy, and quantitative data analysis, plotting, and interpretation.
Other preferred skills: Electron microscopy, confocal imaging, or computational-assisted molecular design.
