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Annual Research Highlights

(1) “Ultrafast confocal fluorescence microscopy beyond
the fluorescence lifetime limit”

Laser-scanning confocal fluorescence microscopy is an
indispensable tool for biomedical research by virtue of its
high spatial resolution, but its temporal resolution is
inadequate for many applications. We developed a
confocal fluorescence microscope that surpasses the
highest possible frame rate constrained by the fluorescence
lifetime of fluorophores (typically a few to several
nanoseconds). This microscope was enabled by integrating
a broadband, spatially distributed, dual-frequency comb
and quadrature amplitude modulation for optimizing
spectral efficiency into frequency-division multiplexing
with single-pixel photodetection for signal integration. We
demonstrated confocal fluorescence microscopy at a
record high frame rate of 16,000 frames/s. To show its
broad biomedical utility, we used the microscope to
demonstrate 3D volumetric confocal fluorescence
microscopy of cellular dynamics at 104 volumes/s and
confocal fluorescence imaging flow cytometry of
hematological and microalgal cells at up to 2 m/s.
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Fig. 1 Ultrafast confocal fluorescence microscopy. (a) Schematic
of the system. (b) 3D fluorescence movie of Euglena gracilis at
100 volumes/sec. (c) Fluorescence images of Euglena gracilis at
a flow speed of 2 my/s.

1.(1)-3) Optica, 5, 117-126 (2018).

(2) “Intelligent Image-Activated Cell Sorting”

A fundamental challenge of biology is to understand the
vast heterogeneity of cells, particularly how cellular
composition, structure, and morphology are linked to
cellular  physiology.  Unfortunately, = conventional
technologies are limited in uncovering these relations. To
overcome this limitation, new approaches are needed to
rapidly search through and sort out cells with unique
chemical and morphological features from large
heterogeneous populations. In this work, we developed an
intelligent image-activated cell sorting technology,
integrates high-throughput cell microscopy, focusing, and
sorting on a hybrid software-hardware data-management
infrastructure, enabling real-time automated operation for
data acquisition, data processing, decision-making, and
actuation, all within 32 ms even with deep-learning
algorithms. The technology is highly versatile and
expected to enable machine-based scientific discovery in
biological, pharmaceutical, and medical sciences.
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Fig. 2 Intelligent image-activated cell sorting. (a) Schematic and
functionality of the intelligent image-activated cell sorting
machine. (b) Real time sorting of microalgal mutants based on
intracellular protein localization. (c) Real-time sorting of blood
cells based on cell-cell interaction.

1.(1)-1) Cell, 175, 266-276 (2018).
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