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This project aims to develop a system to evaluate a
novel sensor employing innovative nano-reaction
chamber technology, which will track transient
biomolecular interactions in real time at a single
molecule level. We are evaluating this sensor by
studying the interactions between the FK506-binding
protein (FKBP) and the FKBP12-rapamycin binding
(FRB) domain in the presence of various small
molecules such as rapamycin. FKBP bound rapamycin
forms complexes with the FRB domain of mTOR, which
is an essential regulator of cell growth and survival. We
purchased the FKBP gene from Addgene, and
inserted it into the pET28b plasmid with a histidine tag
for future purification. We have performed site
directed mutagenesis on the FRB domain by deleting
the endogenous cysteines and exchanging an
endogenous serine at a desired location to a cysteine.
This will allow us to probe the FKBP and FBR domain
interactions by measuring fluorescence resonance
energy transfer (FRET) efficiency. The mutated FRB and
FKBP proteins will generate a FRET signal upon binding
to small molecules. These tertiary interactions between
a single FKBP, FRB domain, and a small molecule in our
nano-reaction chamber will allow us to evaluate the
sensor by analyzing the binding mechanisms and
affinity.
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Process: The FRB plasmid containing primers with the
mutation went through PCR. The PCR products were
then transformed into competent cells and the
colonies went through MiniPrep (Qiagen: 27106 and
Thermo Scientific: K0502). Finally, the PCR products are
sent for sequencing. Once the mutations are finished,
the FRB protein will be fluorescently tagged.

The FRB protein will be fluorescently tagged,
allowing us to measure the FRET signal upon
formation of the FKBP/FRB/rapamycin complex.

Development of this nano-reaction chamber
will facilitate studies of short-lived protein
interactions. The proteins will be in a smaller
volume which will promote contact between
proteins. We will also be able to obtain high
concentrations at specific points in the proteins,
monitor very weak interactions, sequentially
add encapsulated proteins, and improve the
strength and number of interactions. Our system
is based on charge-charge interactions and
yeast snare proteins.

FRB and FKBP are found at various organelles throughout the
cell and are components of the mTOR signaling pathway.
mTOR signaling affects most major cellular functions,
regulating cell growth and proliferation, and controlling
many processes that use energy, which is why it is an
important pathway to study.

We are focusing on the complex that rapamycin forms with
FKBP and FRB. When rapamycin is present it will form a
complex with FKBP and FRB.
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The FRB protein needs to be labelled with a fluorescent
dye in order to view its location and dynamics. The
fluorescent dye can be attached to cysteine residues
that are solvent exposed. After reviewing the protein in
JSmol we determined that the one cysteine is not
solvent exposed so we would need to mutate a serine
residue to cysteine in order to successfully tag the
protein. The plasmid that was purchased from
Addgene encoded FRB with an isoleucine mutation, so
we first changed the isoleucine to serine. Next, we
mutated the existing cysteine into a serine so that it
would not be accidentally tagged. Then we selected
one of two serines that would make a good FRET
partner relative to the FKBP label. Both of these serines
were mutated into cysteines, leaving us with two
options for a FRET partner of the FKBP protein.
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