
Abstract — The blue light receptor of Avena sativa’s phototropin 
1, or LOV2 domain, is a powerful building block for the devel-
opment of optogenetics tools. When inserted into a protein of 
interest, it makes the protein light controllable. LOV2 domains 
have been implemented to create various light-driven proteins. 
However, this technique has not been refined to optimize protein 
manipulation. A LOV2 domain’s degree of spatial and temporal 
control of proteins is, in part, determined by its recovery rate, or 
the rate at which it switches between active and inactive states. 
Activation of the wild type LOV2 domain occurs within a second, 
however, recovery from the active to the inactive state is much 
slower (>1m), limiting its use for applications that require precise 
control. By measuring flavin fluorescence, the recovery rates of 18 
LOV2 mutants were analyzed, and variants with extremely fast 
or slow recovery halftimes were identified. In doing so, we aimed 
to create a diverse library of optimized LOV2 variants that could 
permit for better protein manipulation.

I. INTRODUCTION
Optogenetics is a field that involves the use of light controlla-

ble protein domains to manipulate cellular behavior. Recently, 
researchers have discovered plant light receptors that enable sub-
cellular control of proteins. One such receptor, the Light-Oxy-
gen-Voltage sensing domain (LOV2), undergoes a reversible con-
formational change upon exposure to blue light. When illuminated, 
it enters an inactive conformation, characterized by the formation of 
a metastable covalent adduct between the LOV2 cofactor FMN (fla-
vin mononucleotide) and cysteine-450. The spontaneous decay of 
this adduct causes the domain to revert to its inactive conformation. 
Since the decay of the FMN-cysteinyl adduct is linked to an increase 
in FMN fluorescence, one can measure a LOV2 domain’s recovery 
rate by monitoring its FMN fluorescence. We thus screened for do-
mains that undergo this recovery faster or slower than the wild type 
(wt) by recording each mutant’s FMN fluorescence. These LOV2 
variants are helpful additions to the optogenetics toolkit because 
they provide more precise control over protein activity.

II . METHODS
18 LOV2 variants were generated by random mutagenesis and 

then were transformed into bacteria for screening. An Alpha-Im-
ager gel system was used to activate domains with a 10s blue light 
pulse. This system also recorded the rate at which each domain 
returned to its inactivated state by recording the recoveries of the 
variants’ FMN fluorescence post-illumination. 

In ImageJ, regions of interest (ROIs) were drawn in the central 
region of each colony. Each ROI’s mean grey value was identified. 
In Excel, the data was normalized to remove background illumina-
tion. Solver was then used to calculate the each mutant’s recovery 
halftime, or how long it takes to regain 50% of its initial fluores-
cence (Fig. 1, 2).

III . RESULTS AND CONCLUSIONS
Our research has identified several fast LOV2 mutants, which 

switch from the active to the inactive state in seconds, as well as 
slow mutants, which do so in hours. The fastest recovering mutants 
were x462, x485, x482, and x480 and had halftimes as low as 3s (Fig. 
1), whereas the slowest mutant, x219, had a halftime of 16m (Fig. 2).

Fig. 1. Recovery Half-Times of Fast LOV2 Mutants. (Left)   
Fig 2. Recovery  Half-Times of Slow LOV2 Mutants (Right)

These results provide a means to optimize the LOV2 domain’s 
function as a tool in optogenetics experiments. Our novel, fast-re-
covering domains are advantageous for precise protein manipula-
tion, while the slow-recovering domains are optimal for lengthy 
experiments, since they remain active with minimal illumination. 
By expanding the LOV2 domain library, we hope to encourage oth-
ers to utilize these specialized mutants to improve the quality of 
their own research. However, further testing must be undertaken 
to affirm their efficacy outside of bacterial cells. The results from 
these initial trials will be utilized in mammalian cells to manipulate 
cytoskeletal proteins.
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