MA 355 Programming Assignment 2: Due 

Using your problems from Programming assignment 1, or the posted solutions, solve a real-world curve-fitting problem.

Fluorescence Lifetime Imaging Measurement, or FLIM, is a technique used in widely in cellular and molecular biology.  Biologists use a large variety of fluorescent dyes to tag various structures, proteins, and genes that may be in sample.  The problem is that living systems are very complex, and many things in a cell fluoresce without any dye at all.  This makes the signal from a cell very noisy.  Spectral filtering is often used (if you know your dye is blue, you can put it through a filter to get rid of any red light in the image), but it is not a complete answer.  Hence, there is interest in any technique that can distinguish between two fluorophores.

One such technique is to measure how long it takes a fluorescent molecule to emit a photon after it has been excited by a laser: different fluorophores take different amounts of time to emit photons.  This is called FLIM imaging.

In FLIM imaging, a very fast-gating image intensifier, which can be switched on an off in a matter of nanoseconds, and a camera are synchronized with a laser pulse that triggers fluorescence.  The incident laser pulse arrives at regular intervals: each pulse triggers fluorescence, which decays at a rate determined by both the molecule, and the molecules’ surroundings. 

The idea is to measure the decay pattern by synchronizing the image intensifier with the laser pulses, so that it amplifies the fluorescence at a specific delay time just after the laser arrives: over several hundred pulses, an image builds up in the camera.  That image gives the fluorescence intensity at a particular time offset from the laser pulse, or at a particular driving phase (D.. The delay time (driving phase) is then changed, and the process repeated to build a stack of images, each layer of which is a picture of the fluorescence at a different phase offset to the incident laser pulse.  

Ultimately, the biologists aren’t interested in any of these images individually: they want to know the shape of the fluorescent decay curve, which in turn gives the fluorophore lifetime.   Generally, they do this at every pixel in an image, but we’ll simplify to one pixel.

Each pixel in the stack corresponds to a plot of fluorescent intensity versus driving phase.  At each pixel of the FLIM image stack, the phase dependence of the intensity is expected to obey
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where (D is the driving phase, e.g., the phase of the image intensifier relative to the laser pulse.  The coefficients a,b,and c are expected to be different for each pixel, in ways that give information about what is going on in the cell at that pixel.

The phase and amplitude of the fluorescent molecule’s response relative to the incoming laser pulse are given by
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Thus, to do FLIM imaging, one records a FLIM stack of images at different driving phase angles, extracts the per-pixel plot of intensity versus phase, derives the best fit of a,b, and c to that plot, and computes (D and MF from the coefficients of that fit.  The lifetime of the fluorophore, in turn, can be determined from the (D and MF values. 

FLIM turns out to be a very sensitive way to detect low concentrations of various drugs, for example, and to measure the size of proteins that have bound to various drugs.

Below is a FLIM data series for one pixel in a FLIM stack.  Using the programs you developed in Parts I, develop a program to construct and solve the normal equations to fit the most probable coefficients a, b, and c, and then compute the fluorescent phase (D and amplitude MF.  In actual FLIM measurements, this calculation is performed for each pixel of the image. 
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