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            Abstract
While calcium imaging has become a mainstay of modern neuroscience, the spectral properties of current fluorescent calcium indicators limit deep-tissue imaging as well as simultaneous use with other probes. Using two monomeric near-infrared (NIR) fluorescent proteins (FPs), we engineered an NIR FÃ¶rster resonance energy transfer (FRET)-based genetically encoded calcium indicator (iGECI). iGECI exhibits high levels of brightness and photostability and an increase up to 600% in the fluorescence response to calcium. In dissociated neurons, iGECI detects spontaneous neuronal activity and electrically and optogenetically induced firing. We validated the performance of iGECI up to a depth of almost 400â€‰Âµm in acute brain slices using one-photon light-sheet imaging. Applying hybrid photoacoustic and fluorescence microscopy, we simultaneously monitored neuronal and hemodynamic activities in the mouse brain through an intact skull, with resolutions of ~3â€‰Î¼m (lateral) and ~25â€“50â€‰Î¼m (axial). Using two-photon imaging, we detected evoked and spontaneous neuronal activity in the mouse visual cortex, with fluorescence changes of up to 25%. iGECI allows biosensors and optogenetic actuators to be multiplexed without spectral crosstalk.
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                    Fig. 1: Characterization of iGECI in vitro and in HeLa cells.[image: ]


Fig. 2: Characterization of iGECI in dissociated mouse neurons.[image: ]


Fig. 3: Oblique light-sheet functional imaging of iGECI in acute brain slices.[image: ]


Fig. 4: Spectral multiplexing of iGECI with GCaMP6s or the ChR2 optogenetic actuator in acute brain slices.[image: ]


Fig. 5: In vivo imaging of iGECI using hybrid photoacoustic and fluorescence microscopy.[image: ]


Fig. 6: iGECI reports visually evoked and spontaneous neuronal activity in vivo.[image: ]
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              The main data supporting the findings of this study are available within the article and its Supplementary Information. Additional data are available from the corresponding author on reasonable request. GenBank accession numbers are MT997078 and MT997079 for the iGECI and iGECI-NES (nuclear exclusion sequence) constructs, respectively. Plasmids encoding these constructs will be available on Addgene.
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