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Mitochondria are responsible for producing over 90% of the ATP that powers the molecular machinery 

inside our cells. ATP production is coupled to the breakdown of nutrients such as fatty acids and glucose 

by an electron transport chain. At key points along this chain, electrons are handled by molecules that 

happen to be convenient optical indicators of redox. These optical redox indicators were exploited by 

Britton Chance and his colleagues in the 1950s to uncover details of metabolism in living systems, with 

simple absorption and fluorescence spectroscopy. However, metabolic microscopy has proved to be 

more challenging, because of scattering and the smaller amount of absorption that occurs through 

microscopic volumes. For this reason, metabolic microscopy has been restricted to fluorescent redox 

indicators, which only report on the chemical inputs to the respiratory chain. Even though indicator dyes 

have been developed that report on the respiratory chain output, these dyes contribute to 

phototoxicity, and do not report on electron carriers within the respiratory chain itself. This has left a 

gap in our ability to characterize and understand metabolic heterogeneity in tissues at the cellular level. 

We propose that ultrafast transient absorption can image the nonfluorescent optical redox indicators 

within the respiratory chain, focusing on the heme porphyrin pigments (cytochromes) (1). Heme 

porphyrins have been studied extensively by transient absorption (2), and so provide an opportunity to 

connect observations in live cells and tissue back to underlying photophysical phenomena. 

We describe an experiment in which tissue samples are optically pumped at 530 nm, within the Q band 

of b- and c-type cytochromes, which leads to a subsequent increase in absorption at 490 nm, which 

persists for a few picoseconds. This probe wavelength sits just outside the Q band, and is normally 

transparent. Optical pumping prepares a hot ground state, in which a broad spectrum of vibrational 

energy levels are occupied, leading to a broadened absorption spectrum (3). We show that subtle 

differences in picoseconds vibrational cooling times can be used to discriminate different types of tissue, 

and discuss obstacles and approaches to using transient absorption for metabolic imaging in live tissue. 
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