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Bacteriophage & Biosensors: Repurposing Nature for Biotechnology
Biotechnology repurposes natural biological phenomena for humanity’s use. Natural biological systems, however, require engineering to 
optimize for desired characteristics. This has historically been an incremental process where the underlying genetic material is allowed or 
forced to mutate, and improved characteristics are selected for. A step change in the ability to engineer biological systems has been 
enabled recently by advances in DNA sequencing and synthesis technologies as well as a multitude of new genetic editing tools. In this talk, 
I will discuss two projects where we use these tools to engineer native genetic material for biotechnological purposes.

First, I will discuss engineering allosteric transcription factor (aTF)-promoter pairs using a massively parallel reporter assay for improved 
biosensing and regulation capabilities. These aTF-promoter pairs can enable user-defined gene expression both as sensing elements, 
where environmental inputs result in ‘readable’ outputs, and as DNA-based ‘knobs’, where user-defined inputs result in precise levels of 
expression. To make these parts, we elucidate the sequence−function relationship using a ‘sort-seq’ method to assay the interaction 
between the aTF and DNA at the nucleotide level with applications in both E. coli and Clostridium.

Next, I will discuss engineering bacteriophage using Cell-Free Bacteriophage Synthesis (CFBS). Bacteriophage have the potential to be 
powerful antimicrobial agents, but limitations in sourcing, engineering, and production inhibit broad use and commercialization. CFBS is an 
approach to overcome the limitations of standard phage production methods by manufacturing phage virions in vitro. CFBS mimics 
intracellular phage assembly using transcription/translation machinery (TXTL) harvested from bacterial lysates and combined with reagents 
to synthesize proteins encoded by a phage genomic DNA template. TXTL harvested from wild type or commonly used strains are not 
optimized for bacteriophage production, however. In this work, we demonstrate that TXTL from genetically modified E. coli BL21 can be 
used to enhance phage T7 yields in vitro by CFBS. We also discuss using this platform for rapid bacteriophage genome engineering with 
implications for improved phage therapy. 
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