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Abstract
Here we present a multi-view light-sheet system that allows near-simultaneous imaging in both the spatial and temporal domains
with a high resolution sCMOS in one axis and onto a Megaframe32 SPAD array on the other imaging arm.

Introduction
Chromatin is the core physiological carrier of both genetic and epigenetic information in eukaryotic cells [1]. Its
study requires a novel means of imaging labelled developing cells over an extended period of time. Existing
methods can often result in photo-damaging events to samples. Light-sheet microscopy overcomes this issue by
only illuminating that which is being imaged. Light-sheet microscopy does not typically give time resolved data
required to study chromatin dynamics. However, by implementing aspects of fluorescence lifetime imaging,
including utilising mechanisms such as Förster Resonance Energy Transfer as measured by Time Correlated Single
Photon Counting (TCSPC) potentially allows the acquisition of functional information over time.

Methods
To achieve lifetime measurement capability in a light-sheet
microscope, we incorporated a single photon avalanche diode
(SPAD) array device (Megaframe32 (MF32) [3]) into the imaging arm
of the dual detection system.

In many light-sheet microscopes, a multi-view approach is used to
image from opposite sides of a sample using a single light-sheet.
We also use this dual view approach, but in our case one of the
views uses the SPAD array to determine lifetime information whilst
the other contains a high-sensitivity sCMOS camera, giving more
conventional high-resolution images from fluorescence or
scattering.
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Conclusions
We have designed and engineered a multi-domain detection light-sheet system. This work demonstrates the successful
implementation of TCSPC of an optically sectioned spheroid cluster, the results show promise for future applications in the study of
chromatin dynamics. Despite the low resolution of the SPAD array, high axial resolution can be maintained due to the optical
sectioning given by the micrometer thin light-sheet. Hence, the combined system is capable of near-simultaneous acquisition of both
morphological (intensity based) and functional (lifetime based) information from biological samples.
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Figure 1: Basic principle of time-
correlated single photon counting [2]

Figure 2: Megaframe32 chip and 
acquisition electronics

Figure 3: Schematic of the dual-detection light-sheet 
microscope
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Figure 5: Corresponding time resolved (left) and Bright field (right) images of 
MCF10a spheroid tagged with GFP-mCherry FRET pair
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Figure 4: Corresponding time resolved (left) and autofluorescence light-sheet (right) 
images showing the xylem (circular and oblong structures) of cushaw root.

Lifetim
e (n

s)

mailto:d.z.obrien@dundee.ac.uk
http://www.phoqus.eu/projects_obrien.shtml

