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In order to develop treatments for retinal diseases, it is important to understand the
cellular events that drive differentiation from a pool of retinal progenitor cells. Binding of
transcription factors to specific DNA elements, known as cis-regulator elements (CREs),
contributes to controlling cell type-specific gene expression; a way to experimentally
determine CRE occupancy would help elucidate these mechanisms. Given that
protein-DNA interactions happen on the nanoscale level, the approach to this problem
must come with sufficient resolution. My research seeks to address these issues by
covalently attaching a proximity labeling enzyme, APEX2, to a plasmid containing a
CRE of interest. This plasmid-protein complex will then be introduced into cells, with the
enzyme preferentially labeling transcription factors and other proteins that associate
with the DNA sequence of interest. APEX2 will be attached to the plasmid by utilizing a
HaloTag-APEX2 fusion protein; HaloTag is an engineered protein that forms covalent
bonds with haloalkanes.1 A haloalkane will be attached to the plasmid by reaction of a
choloralkane-succinimidyl ester molecule to a primary amine-modified nucleotide. This
nucleotide will be incorporated into the plasmid proximal to the DNA sequence of
interest. I have conducted initial work to optimize these reactions within my system and
have also begun exploring the optimal method by which to attach a protein to plasmid
DNA.
Once developed, this novel methodology will first be tested using a CRE previously
identified to be active in retinal progenitors that give rise to cones and horizontal cells,
named ThrbCRM1. Previous rigorous experimentation has indicated that two
transcription factors (TFs), Otx2 and Onecut1, bind this element to drive gene
expression.2 A plasmid with the Otx2 and Onecut1 known binding sites mutated has
been developed and will be used as a negative control. After successful development of
this novel methodology, I will use it to probe the occupancy of other CREs that are
involved in retinal development. This will allow for identification of the TFs that play a
role in many of the gene-regulatory networks important for retinal development.
Furthermore, this method will help expedite full characterization of any subsequently
identified CREs.
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