Abstract

Upregulation of mitochondrial gene expression + metabolic shift from glycolysis
towards oxidative phosphorylation (OxPhos) — drug resistant cancer cells

Hypothesis: We can determine which enzymes are behind this detectable shift
Alternate to the hypothesis: The FLIM signal is too complex to determine individual
enzyme contributions

Test: Measure FLIM signals of NADH bound to pure enzymes in solution

Findings: Some enzymes have multiple component exponential decay when 100%
of enzyme is NADH bound

Fluorescence and FLIM

Principles of Fluorescence

Fluorescence Lifetime Imaging
Microscopy(FLIM) measures how
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Our pulsed laser functions as a pacemaker and emitted photon arrival times are
recorded to be placed into discrete time bins as FLIM measurement histogram. The
fluorescence lifetime decay curve for each pixel in an image is calculated through
Fourier transformation (equations 2 & 3), where cosine and sine coefficients are
plotted as G and S coordinates respectively, in the phasor.

Phasor Roadmap

The FLIM phasor has two major
landmarks for metabolic imaging.
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Each pixel in the FLIM image corresponds to a pixel in the phasor plot, and the phasor position in the circle gives insight into
the metabolic state of living tissues and cells when FLIM-phasor analysis is applied to live-imaging experiments.
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Each enzyme was added to a well in an 18-well microscopy slide for imaging. We used 2-photon excitation at 740 nm
wavelength and detected photons from 400-475 nm, both corresponding to the excitation and emission, respectively, of
NADH. The color scale bars in all but the G3PDH phasor (which is shown in the top panel) displays the lifetimes along the
axis and the extent of the linear distributions from 0% bound (blue end) to 100% boundf (red end). We used a 63x, 1.2NA
water immersion lens and a 6x zoom. The scale bar is 50 um and applied to all images

Future Directions/Conclusion

If we followed a similar protocol as performed in another lab (Leben et. al 2019) by
extending the linear distributions of enzymes until we reached the universal circle,
and we display the results in the lower phasor diagram. However, we found that,
even at 100% NADH bound to enzyme, the end of the linear distribution does not
end at the edge of the universal circle, but rather, inside the unit circle. This means
that only a minority of metabolic enzymes have a single exponential decay when
NADH is bound to them. More importantly, we show that the previous work by
ourselves and others maybe falsely reading too much into their metabolic FLIM
data. Up until now, where we thought NADH was only 50-70% bound to enzyme,
we maybe looking at 100% bound NADH to particular up- or down-regulated
enzymes.

The next steps of this research project: 1) image more enzyme lifetimes, 2) image
multiple enzymes together, and 3) image enzymes in vivo with fluorescent-tagged
enzymes. This will enable us to better understand phasor analysis of metabolic
FLIM.
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