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detector to localize and spectrally resolve emission events of single fluorophores.8 These 

methodologies allows the full emission spectrum to be obtained from single molecules. However, 

these techniques suffer from low throughput and low photon efficiency. Low throughput is due to 

spatially overlapping spectra between fluorophores in close spatial proximity. The achievable 

spatial resolution in SMLM depends on the collected photons from single molecules with a 

relationship of σ ~ N-1/2.5 For spectral dispersion-based methods, most of the collected photons 

are spatially dispersed in the spectral channel to improve the accuracy of wavelength 

determination. Only a small portion of photons are kept for localizing the exact positions of 

molecules, thus limiting the achievable spatial resolution. 

Proposal Goal. I propose a solution to overcome the issue of poor photon efficiency and low 

throughput presented in the previously mentioned spectro-microscopic techniques. I will 

incorporate phasor analysis for multicolor super resolution imaging. The phasor approach is a 

data analysis and modification technique that creates vectorial representations of sinusoidal 

waves. These vectors are linear combinations of the real (G-vector) and imaginary (S-vector) 

parts of a wave which can be plotted on a phasor plot1,4,10. The angle between the vector and the 

x-axis of the plot corresponds to the peak wavelength, the magnitude of the vector determines 

the width of the spectra1,4. Conventionally, the G and S components of the vector are obtained 

through a Fourier transform using cosine and sine functions. However, such analysis can also be 

done by directly passing fluorophore emission through optical filters whose transmission profiles 

emulate sine and cosine functions. By this method, signal is split into three channels (reference, 

sine, and cosine) and is transformed before collection by the detector. Then, only a simple 

calculation is needed to find G and S (Eq. 1,26). 

𝐺 = 2

𝐼𝑐𝑜𝑠
𝐼0

− 𝑇𝑐𝑜𝑠/𝑚𝑖𝑛

𝑇𝑐𝑜𝑠/𝑚𝑎𝑥 − 𝑇𝑐𝑜𝑠/𝑚𝑖𝑛
− 1 1) 
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My detailed plan is as follows: 

1. I will begin by integrating the previously developed three-channel system designed for single 

particle spectroscopy to a TIRF microscope capable of super resolution imaging. 

2. Then, the optical components will be replaced with those that are more suitable for the 

wavelength ranges used in single-molecule fluorescence imaging. 

3. Several fluorophore types of different peak wavelengths will be imaged on coverslips to 

calibrate the system’s phase angle relation to wavelength and spectral resolution.  

4. Subcellular structures will be tagged with a variety of fluorescent dyes to determine which is 

the best for each structure. At this point, analysis of spatial resolution will also be determined. 

5. Fixed cells will be tagged with all selected fluorescent dyes and super resolution imaging data 

will be taken. 

Personal Background and Involvement. While pursuing my degrees in chemistry and 

physics, under the direction of Dr. I have taken part in multiple projects relating to 

optical microscopy, methodology development, single particle tracking, super resolution, and 

more. I am first author on another work that is based on the phasor approach to imaging 

spectroscopy  and am currently authored on two 

additional submitted manuscripts. I have presented 6 posters at conferences such as ACS 

National, GRC, and more, and I have given talks in our Analytical Chemistry Division Seminar 

as well as recently being invited to speak at Arkansas INBRE 2023 regional meeting. 

In this project, I will be leading the development of the methodology. This includes sourcing 

components, testing/calibration, experimentation, data analysis, coding, and more. Application 

studies with cell imaging will be carried out by myself and other members of the group. 
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Plan and Project Timeline 

Month Goal(s) 

January • Modify 3 channel imaging box for super resolution imaging. 

February • Modify microscope with imaging box – test. 

March • Fluorophore testing to find best dyes for our case. 

April • Single color fixed super resolution imaging (validation). 

August 
• Multi-color fixed super resolution imaging – testing conditions for 

cells, media, and tagging. 

September 
• Experimental multi-color SMLM imaging of fixed A549 cells with 

selected fluorescent dyes.  

October 
• Continue experiments, write codes for data analysis, and 

analyze data. 

November 
• Finish data analysis, begin writing manuscript and submitting 

abstracts for conference talks. 

 

Conclusion and Future Work 

Fluorescence microscopy is invaluable to researchers and professionals alike. Current super 

resolution methodologies vastly improve upon traditional epi-fluorescent imaging techniques, 

but there is still considerable room for improvement. Here, I propose a new stochastic super 

resolution methodology capable of solving key issues present in current multicolor SMLM 

techniques. Without this work, ample improvements will be left behind that could improve both 

the temporal and spatial resolution of current fluorescent technique. In the future, I plan to use 

this instrument to carry out other projects in super resolution, super resolution single particle 

tracking, and a variety of other studies important to the biological, chemical, and materials 

science fields. 
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