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Monitoring cellular environment based on the time-
resolved fluorescence measurements
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In this thesis, I present the application of the time-resolved fluorescence
measurements to monitor the intracellular environments of living cells.  Biological
entities carry some naturally occurring fluorescent molecules inside it.  Fluorescence
from these native fluorophores is called autofluorescence. Probing cellular condition
by monitoring autofluorescence has been widely used in biological research because it can be
applied to living cells under native physiological condition. Nicotinamide adenine dinucleotide
(NADH) and flavin adenine dinucleotide (FAD) are two important enzyme cofactors and
autofluorescent species which play important roles in a number of cell functions. Purpose
of this study is to employ the time-resolved autofluorescence of NADH and FAD to monitor the
environments around these fluorophores in living cell.

In living cells, NADH is thought to exist in two forms — free and protein bound forms.
Fluorescence decay and time-resolved fluorescence spectra of NADH in yeast cells were
measured using time correlated single photon counting (TCSPC) method.  Results show that
fluorescence spectrum of the protein bound NADH is blue shifted from that of the free one, which
indicates that free and protein bound forms of NADH can be distinguished by the time-resolved
autofluorescence spectra. In most of the studies, functions of NADH have been described
in terms ‘of the ratio of free to protein bound NADH. It is reasonable that NADH-protein
interactions will be different in different physiological conditions such as disease progressions or
due to other perturbations. It has been shown here that the time-resolved autofluorescence
spectra of NADH can be employed to monitor NADH-protein interactions.

The applications of the time resolved fluorescence have been extended to human
carcinoma (HeLa) cell in that the intracellular pH has been assessed by the fluorescence decay of
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endogenous NADH. Florescence decays measured by the TCSPC method provide an
average value of pH over a population of cells. For monitoring pH in individual cells and
cellular organelles, fluorescence lifetime imaging microscopy (FLIM) was used. FLIM is an
excellent time-resolved technique which measures fluorescence lifetime  with
spatial resolution. Data obtained both by TCSPC and FLIM methods exhibit that the
fluorescence lifetime of endogenous NADH decreases monotonically with the increase of
intracellular pH. Time-resolved autofluorescence measurements of endogenous flavin were
also applied to monitor the intracellular pH. Fluorescence lifetime images of flavin in HeLa
cells were measured at different intracellular pH.  Result shows that the flavin
autofluorescence lifetime decreases with increasing pH, which suggests that the intracellular pH
can also be determined by using FLIM of flavin.

Fluorescence decays of FAD have been measured in solvents with different dielectric
constants. FAD exists in two conformations in solution, a nonfluorescent stacked conformation,
in which flavin and adenine moiety are in close proximity, and a fluorescent extended open
conformation, in which the two aromatic rings are separated from each other. The
fluorescence lifetimes of staked and open conformations are 9 ps and 3 ns respectively. The
fluorescence lifetimes of both conformations increase with decreasing dielectric constant.
The present study suggests that the polar environment can be analyzed using the
fluorescence lifetime of FAD. It is expected that the fluorescence lifetime of FAD can also be
applied to detect the polar environment in living system, although additional
factors may have to be considered because of the complexity of cells and tissues.

Finally, it can be concluded from the results presented in this thesis that the time-resolved

florescence measurements are useful in probing cellular conditions.
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