Detection of singlet oxygen
using fluorescent chemical traps
in sub-cellular domains of a single cell
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Singlet oxygen '0y), the lowest excited electronic state of molecuaygen, plays a
major role in many chemical and biological processeg. in photodynamic therapy.

Our group, the Center for Oxygen Microscopy and dmg, is concerned with the
development and use of optical tools to study mses that involv&0, [1, 2].

At present, we are unique in being ablesédectively create and directly detée at a
single cell level with time and sub-cellular res@n by measuring its weak near-IR
phosphorescence at 1270 nm [3-7].

Such measurements respond to the inherent hetaibgeh a cell and provide valuable
insight into a variety otO,-dependent phenomena, including the photoinitideeath of
cells [8].

In figures 1-3, | show representative images pertiro our research.

Figure 1. Image of a Hela cell created using the fluorescenica cationic porphyrin-basetD,
sensitizer. Under the conditions of this experimére sensitizer localizes mainly in the nucleuse White
spot in the cytoplasm represents the approximatesesectional spatial resolution obtained fromcsed
laser beam in o0, experiments.
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Figure 2. (a) Time-resolved '0, phosphorescence signals recorded upon irradiatibra ‘O,
photosensitizer incorporated into the nucleus dfdeells. These experiments were performed withs cel
in which the intracellular kD had been replaced with®, hence the lontD, lifetime. Data were recorded
from cells exposed to an atmosphere containing 689gen (1) and 100% oxygenm(. (b) Contour plot
that shows the intensity of photosensitiZ€d phosphorescence from a portion of Z0BIncubated Hela
cell. The data were generated by raster-scannimgdmple through the focused laser beam used i@ exc
the sensitizer.

Figure 3: (Left) Image based on a yellow fluorescent pro@RP) in the tubulin cytoskeletal network
of HelLa cells. The YFP was genetically encodiedtransient transfection. (Right) YFP-based imags th
shows the collapse of the cytoskeletal network whnm irradiation of &0, sensitizer in the cell.

Although our direct time-resolved spectroscopic bgrohas provided invaluable
information about the intracellular behavior'@, it nevertheless has its drawbacks. For
example, our method suffers from weak signalshatted to the low quantum efficiency
of 'O, phosphorescencabg, = 10° — 107). Therefore, we would like to complement
the§e direct studies with independent work basetth@nise of fluorescent probes specific
for “Oo.



| have just started my PhD project on tiedf February 2009 with the focus on the
development of a complementary strategy to detetdellular ‘O, with a higher
sensitivity.

| want to introduce fluorescence probes which drentcal traps for detectintD, in
single cells [9]. Fluorescence probes are knowlbet@xcellent sensors for biomolecules,
being sensitive, fast-responding and capable afra@ifig high spatial resolution via
microscope imaging.

Chemical traps which are normally almost non flsoent, can react wittD, forming a
fluorescent endoperoxide [9]. Measuring its flusesee or monitoring the decrease in
the amount of the trap provides a powerful tootetect'O, with a higher sensitivity.
Another promising advantage of this indirect mettimdhat lower amounts ¢, are
required to detect a signal. The fluorescence quantield of the endoperoxides are
much higher than the phosphorescence quantum giél@,. Therefore, the cells are less
in risk of being damaged under unnecessarily haxgerimental conditions.

The next step of the project will be to specifigdticalize a photosensitizer and a trap
into different parts of a single cell using, foraexple, protein labeling techniques [10].
With this method we want to achieve a greater abuiirthe generation and decay’ch,
inside a cell.

1. Snyder, J.W., et alSnglet oxygen microscope: From phase-separated polymers
to single biological cells. Acc. Chem. Res., 20087(11): p. 894-901.

2. Skovsen, E., J.W. Snyder, and P.R. Ogillwgo-photon singlet oxygen
microscopy: The challenges of working with single cells. Photochem. and
Photobiol., 200682(5): p. 1187-1197.

3. Snyder, J.W., et aSubcellular, time-resolved studies of singlet oxygen in single
cells. J. Am. Chem. Soc., 200527(42): p. 14558-14559.

4, Snyder, J.W., et alQptical detection of singlet oxygen from single cells. Physical
Chemistry Chemical Physics, 20@§37): p. 4280-4293.

5. Hatz, S., J.D.C. Lambert, and P.R. Ogilldigasuring the lifetime of singlet
oxygen in a single cell: addressing the issue of cell viability. Photochem. &
Photobiol. Sci., 200%6(10): p. 1106-1116.

6. Hatz, S., L. Poulsen, and P.R. Ogilbyme-resolved singlet oxygen
phosphor escence measur ements from photosensitized experimentsin single cells:
Effects of oxygen diffusion and oxygen concentration. Photochem. and Photobiol.,
2008.84(5): p. 1284-1290.

7. Kuimova, M.K., G. Yahioglu, and P.R. Ogilli§nglet Oxygenin a Cell:
Spatially Dependent Lifetimes and Quenching Rate Constants. J. Am. Chem.
Soc., 2009131(1): p. 332-340.

8. Breitenbach, T., et aPhotosensitized production of singlet oxygen: spatially-
resolved optical studiesin single cells. Photochem. & Photobiol. Sci., 2008.
9. Soh, N.Recent advances in fluorescent probes for the detection of reactive

oxygen species. Analyt.and Bioanalyt. Chem., 200886(3): p. 532-543.
10. Lin, M.Z. and L. WangSdl ective labeling of proteins with chemical probesin
living cells. Physiology, 200823(3): p. 131-141.



