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X4 Bk IV X-ray, Electron and Optical Multimodal Imaging and Computation for
Understanding and Control of Molecular and Cellular Interactions
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Abstract: Imaging using X-rays, electron beams or UV-visible photons plays important roles in understanding the
interactions at the atomic, molecular, subcellular, cellular, to tissue and whole plant scales. These imaging modalities
are usually conducted separately at different physical locations or even different samples. Large efforts have gone into
correlative imaging but, to date, there is no easy way to correlate more than 2 modalities directly. We are developing
novel molecular markers to correlate all three modalities, i.e., X-ray and cryogenic electron tomography, and advanced
fluorescence imaging using multifunctional, combinatorial asymmetric small protein cages. To exploit the
combinatorial design, we are developing ultra-fast electro-optical fluorescence lifetime imaging microscope (EO-
FLIM) which allows wide-field or light sheet FLIM bioimaging of cells or tissues, or even enzyme crystals. We will
report the design concepts, some preliminary examples on plants and microorganisms. Cryo-EM or cryo-ET is
essentially a static imaging method since samples are “frozen” prior to data collection. We have developed a rapid
freezing apparatus with a mixing jet to allow for time-resolved freezing. A recent example of time-resolved studies of
Gram-negative bacteria’s response to environmental stress will be presented. Final examples touch on the importance
of molecular dynamics simulations and modeling in combination with structure determination and small molecule drug
design: an inhibitor against mitochondria fission under pathological conditions and covalent inhibitor design against
COVID-19 papain-like protease.
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