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Abstract
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DNA and RNA form the basis for many therapeutic and experimental technologies, 
including gene editing and silencing, several aspects of nanotechnology, aptamers 
and their applications, and cell-free protein expression. It would be advantageous to 
control the function of these technologies, as this would greatly expand their applica-
tion in biology and medicine by reducing toxic on/off-target effects and systemic toxici-
ty. The main focus of our research is the generation of remote-controlled nucleic acids 
under the control of various biologically- and medically-applicable stimuli, including 
temperature, magnetism, and multiple wavelengths of light. We are also exploring 
several applications of these nucleic acids, for instance to control communication of 
synthetic cells with living cells and gene delivery and knockdown. In the future, our 
universal chemical method for controlling DNA and RNA structure and function may 
form the basis of controllable therapeutics and new technologies for basic research.
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Light controlling gene expression

Abstract

One of the most important biological processes is the expression of a gene to a 
protein. The use of light to control the gene expression offers unparalleled spatiotem-
poral resolution from an external, orthogonal signal. Several methods that use light to 
control the steps of transcription and translation of speci�c genes into proteins, have 
been designed, for cell-free to in vivo biotechnology applications. These methods use 
techniques ranging from the modi�cation of small molecules, nucleic acids and 
proteins with photocages, to the engineering of proteins involved in gene expression 
using naturally light-sensitive proteins. Most of the current technologies are employing 
ultraviolet light, but the aim of our work is the development of photocages activated by 
near-IR (NIR) light which will enable new approaches for spatial and temporal control of 
gene expression with higher tissue penetration and less cellular damage.
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