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The main goal of this study is to overcome methodological and technical limits of Raman imaging
in detecting small organelles and specific molecules within cells by harnessing physics, chemistry,
medicine, pharmacology, biology, engineering, and data analysis, to use these advanced technologies
in life sciences. The combination of specificity and sensitivity of the Raman probes with information
obtained from spontaneous Raman spectroscopy and SRS/CARS on living cells gives diagnostic
potential to these methods. They can support classic approaches in tracking cellular processes,
studying chemoresistance, and characterizing drug-cell interactions.

The use of molecular probes in Raman imaging is a relatively new technique in subcellular
research, however, very fast and dynamically developing. Compared to the label-free method, it
allows for a more sensitive and selective visualization of organelles within a single cell. Directly
visualizing biological structures and activities at the cellular and subcellular levels remains by far one
of the most intuitive and powerful ways to study biological problems.

For hyperspectral detection and imaging of living cells, it is very desirable to use probes with
strong and unique Raman vibrations in the biological silent region (1800 — 2800 ¢cm™). Here it is
shown a biorthogonal chemical imaging of cells to track biochemical changes associated with
mitochondrial function at the cellular level in an in vitro model. Both commercially available and
newly synthesized highly sensitive Raman probes for selective imaging of mitochondria in live cells is
presented. In addition to spontanecous Raman microscopy, nonlinear techniques were used for rapid
cell imaging.
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