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PrimeView
Fluorescence lifetimeimaging microscopy

Fluorescence lifetime imaging microscopy (FLIM) creates
spatial maps of fluorescence lifetimes on a pixel-by-pixel
basis. FLIM can measure the fluorophore time decay to the
ground state, isanintrinsic property of each fluorophore
andisindependent of its concentration.

Experimentation T < o . Applications
P Limitations and optimizations PP
FLIM measures fluorescence lifetime FLIMis widely used in metabolic imaging,
within animage and can be performed Slow acquisition time, electronics and detectors particularly for studying nicotinamide
using various microscope configurations, with dead-times, sample photon budget and adenine dinucleotide autofluorescence
includinglaser scanning confocal, . . ffl . I limi . to assess cellular metabolism. It enables
multiphoton, wide-field, light-sheet, unmixing of fluorescent species are all limitations multiplexing and unmixing of multiple
stimulated emission depletion and of FLIM. Modern instrumentation and data analysis fluorophores, providing detailed insights
fibre-optic probes.Thgre a're tyvo primary algorithms are helping to mitigate these issues. into complex bio!ogical systfems. FLIM
approaches to measuring lifetime: isalso employed inlocal environment
time-tagging and phase-modulation shift sensing, such as measuringintracellular
methods. The phase-modulation shift pHandion concentrations, and in studying
method employs modulated light sources molecularinteractions through Forster
to collect photon arrivals within a period resonance energy transfer. Additionally,
based on demodulation. Meanwhile, FLIM combined with super-resolution
time-tagging methods, the most widely st handling techniques like stimulated emission
used, precisely measure photon arrival ° L":mta“olow.count depletion microscopy enhances spatial
times relative to the laser pulse. FLIM high- ?rs resolution beyond the diffraction limit and
data collection involves accumulating Samp e\ectronics and can be utilized for multi-colour imaging.
numerous excitation and emission o Avoid iors with long
cycles toreconstruct a fluorescence detect s to prevent T
decay histogram for each pixel, enabling dead-“m:\em distortion Reproducll?l!lty and
extraction of the lifetime values. Selecting measu(r;:u,‘s“.‘on speeds data deposmon
the appropriate lasers, detectors and e Slowsa® roved with O . .
electronicsis key for FLIM measurements. can b_e,m.\p ing modes Reprodycnbllle mn .FUM relies heavily
Various methods can then characterize the specific imag! on precise calibration, but the lack of
fluorescent molecular species bresent on and techniques astandardized calibration protocol
a pixel-by-pixel basis FLr:M can[:)e used for ‘-\VQ”age hinders comparability across sessions
arange of samples, including cell cultures, . R Id and ms.truments. Rf?pl‘OdUClblh‘t?/ ssues
organoids, tissues and animal models ThreShO also arise from equipment stability,
Freshly dissected tissues or fresh frozen tout firr?\?::zlf??r%str::si:glfig; (;Z;Tt?:éty-
. . P . « " u
e vt P
& ] . =3 Use phasor analysis Repositories for code and dataare limited,
sources of unwanted fluorescence in nter e US d o . . -
samples include cell culture media fitting metho _9 — butinitiatives like PhasorPy aim to provide
matrigel for 3D cultures and coatin’gs on e Phasor anaflzslszgence open-source solutions for data analysis.
I lete fluor .
imaging dishes. Z:::y with constant time
ted decay bins, and calibration Outlook
. e ! nt
Results nsformaflon, trunca rect phaSOr e Multiple compon ed b Technological advancements in single
hasor fra Incor o s limited BY :
FLIMd . £l [mpropel’ p unmixing 15+ tio an photon avalanche diode arrays and
43 output CONSISLs 0 fuorescence mplete decay 5 jgnal-to-noise 8 machine-learning integration are poised
decay histograms, which can be analysed Incomp 0. 59 hod applie g & e por
using phasor plots to determine lifetime . 600 the met to enhance FLIM’s capabilities, enabling
L ’ faster and more precise measurements.
values. The phasor appro?ch s.lmpllfles 1 200 L The development of novel fluorescent
calculations by representing signals as wh robes and the integration of FLIM
complex numbers (phasors) and plotting g 800 0.0 \lz/ith other imagin frgnodalities will
them in 2D phasor space, enabling simple 8 00 05 1.0 tial decays . ging mod
algebraic operations rather than complex 4 0.0 'g mOﬂO’exPonen 3 al circle ex‘p‘and its a‘ppllcatlons nresearchand
fitting models. Validation steps include 0 5 4 6 8 st fall on the univers clinical settings. As FLIM becomes more
calibration with known standards to 0 ns mu accessible, it will have a crucial role in
ensure accuracy and reproducibilit advancing our understanding of cellular
y p y dynamics and disease mechanisms.
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