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Current state of the art

Fluorescence lifetime imaging (FLIM) generates an image based on differences in the decay rate of the
excited state of a fluorescent sample. FLIM is therefore a fluorescence imaging technique in which the
contrast is based on the lifetime of individual fluorophores rather than their emission spectra.
Fluorescence lifetime is defined as the average time a molecule remains in an excited state before
returning to its ground state by emitting a photon. FLIM can be used to detect both, dyes and
endogenous fluorophores in biological samples. New developments in FLIM setup are focused on
higher speed and better spatial resolution, achieved using advanced detectors and faster readout
methods making the technique unique to investigate tissue and organoids under native conditions [1-
4].

Since fluorescence lifetime does not depend on concentration, absorption by the sample, sample
thickness, photo-bleaching and/or excitation intensity, it is more robust than intensity-based methods.
However, fluorescence lifetime depends on a variety of environmental parameters such as pH, ion or
oxygen concentration, molecular binding, or proximity to energy acceptors, occurring in biological
samples. This can be exploited in biological samples to separate different structures from one another

[2].

Time-Correlated Single Photon Counting (TCSPC) is used to determine the fluorescence lifetime. In
TCSPC, one measures the time between sample excitation by a pulsed laser and the arrival of the
emitted photon at the detector. TCSPC requires a defined “start”, provided by the electronics steering
the laser pulse or a photodiode, and a defined “stop” signal, realized by detection with single-photon
sensitive detectors (e.g. Single Photon Avalanche Diodes, SPADs). The measurement of this time delay
is repeated many times to account for the statistical nature of the fluorophore’s emission. The delay
times are sorted into a histogram that plots the occurrence of emission over time after the excitation
pulse. To acquire a fluorescence lifetime image, the photons must be attributed to the different pixels,
which is done by storing the absolute arrival times of the photons additionally to the relative arrival
time in respect to the laser pulse. Line and frame marker signals from the scanner of the confocal
microscope are additionally recorded to sort the time stream of photons into the different pixels [4].

However, compared to the usual exponential fit used in the analysis of lifetime decay, phasor plot
analysis creates the possibility for the detailed analysis of complex biological samples [5-7]. It
generates a two-dimensional (2D) diagram of the lifetime characteristics per pixel of an image by
Fourier transformation of the decay data, without the need to define the number of different lifetimes
in advance. In the phasor plot, pixels from structures composed of identical biomolecules form distinct
clusters representing their unique fluorescence lifetimes. When clusters overlap or appear
intermediate, it indicates the presence of structures containing similar but not identical biomolecules
or mixtures of multiple species, as their phasor positions represent weighted combinations of
individual molecular lifetimes. By creating a phasor plot database of biological baseline conditions (e.g.
physiological untreated tissue or intact organoids), it should therefore be possible to detect changes
in similar or similarly prepared samples using an Al-based software routine. Such an approach is
interesting for different biological questions but has not yet been addressed.



Research goals and working program
The aim of this project is

e to establish FLIM Imaging of Caenorhabditis elegans using the MicroTime 200 (PicoQuant)
system. Caenorhabditis elegans is a tiny, transparent nematode worm that serves as an
important model organism in biomedical research. It is the ideal target structure for this
approach because it has a well-organized anatomy allowing detection of the autofluorescence
lifetime. As it is already used for studies on ageing, diseases and genetics, since many of its
genes and signalling pathways also occur in humans, the expected results are highly relevant.
[Month 1-9]

e touse established FLIM imaging to investigate large number of worms in the same stage, which
can be produced using age-matched cultivation and to analyse the results by matched phasor-
blot analysis (Fig. 1B physiological) [Month 6-18].

e to write an Al based software algorithm based on the library generated in [2] [Month 18-30]

e to test the generated algorithm by investigating and analysing manipulated Caenorhabditis
elegans (Fig. 1B condition A/ B).
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Fig. 1  A: Principle of FLIM [4] B: Workflow Scheme Al-based detection of changes in FLIM phasor plot
profile in Caenorhabditis elegans
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