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Cy5-A GGCGGACCACCGGACCAGGGTGATCGT(Cy5)CACCAGCATCACGACTATGAGAATCGGTGCTACTCCTATCGG
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Fig. 1 Principles for fluorescence lifetime measurement and applications for studying molecular interactions

(a) Time-correlated single-photon counting (TCSPC) uses short laser pulses to excite fluorescence, and the time difference between excitation and

emission is measured to get the lifetime of a single photon. Photons are accumulated to get a histogram and lifetime can be fitted. (b) Fluorescence

lifetime of fluorophores with and without molecular interactions. Fluorescence lifetime decreases at fluorophore quenching or fluorescence resonant

energy transfer.
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Fig.2 Combination of fluorescence lifetime and G—base

QoQ

quenching for detection of DNA hairpin formation
TMR-4C20T forms hairpin structure at high salt concentration, which
brings fluorophore TMR close to G-base and causes G-base quenching.

The fluorescence lifetime decreases upon quenching.
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Fig. 3 Fluorescence lifetime decay curve
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Fig. 4 Comparison of intensity based FRET and FLIM-FRET
(a) Comparison of donor Cy3 (green) and acceptor Cy5 (red) excitation (dashed curves) and emission (solid curves) spectra. Both excitation and
emission spectra have some overlap, which cause either excitation or emission bleed through. (b) FLIM-FRET can be done through analyzing the

lifetime changes of donor to avoid influence of fluorescence bleed-through. Black curve represents fluorescence decay curve of donor Cy3 without

acceptor, and the red curve represents fluorescence decay curve of Cy3 after FRET.
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Fig. 5 Fluorescence lifetime FRET analysis based on

Alexa488—CyS5 fluorophores pair
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Quantification of Intra— and Inter—molecular Interactions Based on
Fluorescence Lifetime Measurement®

WANG Wen-Juan"?™
YSchool of Life Sciences, Tsinghua University, Beijing 100084, China;
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Abstract  Fluorescence lifetime is the average amount time a fluorophore spends in excited state before
returning to the ground state. In this paper, methods for quantifying intra- and inter-molecular interactions based
on fluorescence lifetime measurement were developed. One is quantification of DNA secondary structures
formation by fluorescence lifetime change through G-base quenching, and the other is quantification of inter-
molecular interactions by fluorescence lifetime change through fluorescence resonance energy transfer (FRET).
The first method cleverly utilizes the properties of G-base to quench adjacent dye molecules, and combines with
changes in fluorescence lifetime, to determine the formation of DNA secondary structure and the formation ratio.
FRET is an important means for studying biological molecular interactions. Traditional FRET methods are mainly
based on change in intensity, but this change is susceptible to changes in fluorescence expression levels,
molecular diffusion in samples and crosstalk between fluorophores, which brings complexity in experimental
design and poor repeatability of experimental data. FRET measurement based on fluorescence lifetime can
overcome the disadvantages mentioned above. By detecting changes in the fluorescence lifetime of the donor, we
can quickly and easily determine whether FRET occurs, and through establishing a systematic data analysis
method we can get FRET efficiency and information about inter-molecular interactions.

Key words fluorescence lifetime, fluorescence quenching, G-base quenching, fluorescence resonance energy
transfer (FRET), fluorescence decay curve, intra-molecular interactions, inter-molecular interactions, hairpin
structure, time-correlated single photon counting
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