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L-Lactate is increasingly being recognized as playing an important physiological role as
an energy currency that is exchanged between cells in animal tissues.' With this increasing
recognition comes the need for new and improved tools for visualizing L-lactate in vivo. A
promising class of tools for meeting this need are the single fluorescent protein (FP)-based
biosensors, which enable mapping and monitoring of biological activities with high
spatiotemporal resolution in a native cellular context (Figure).? Traditionally, such biosensors
have been engineered by rational design followed by protein engineering to improve the
allosteric connection between a ligand binding domain and a fused FP. However, the
identification of effective connection allostery is the rate-limiting step due to its time-
consuming and labor-intensive nature. Recently, a transposon-mediated insertion technique,
which constructs a random insertion library containing all possible connections between the
two domains, emerged as an attractive technique to interrogate the effective allosteric
connection between FP and sensing domain.® This study aims to advance the biosensor
engineering by a modified transposon-mediated insertion technique using end-optimized
transposons to introduce optimal length linkers between the two domains.

In this study, we describe the optimization of three circularly permutated FP color variants
for modified transposon-mediated insertion into a binding domain with optimal linker lengths.
Application of this method to an L-lactate binding domain (LIdR), followed by screening of
random insertion libraries, led to a series of L-lactate biosensor prototypes with favorable
dynamic range and different colors. This methodology will benefit biological research by
accelerating biosensor development and ultimately delivering an improved spectral palette of
single-FP based biosensors for multiplex imaging.
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Figure. Schematic illustration of single FP-based biosensor.
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