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Protein conformation is critical to protein function. Understanding how proteins change shape
in response to external stimuli is essential for determining their function and mechanism of
action. Traditional ensemble measurements like nuclear magnetic resonance (NMR) provide
average data for a protein population but fail to capture individual variations. Single-molecule
techniques (e.g., FRET, SPR, AFM, optical tweezers, magnetic tweezers) can observe
individual proteins in real time but require structural modifications that may alter protein
function. Resistive-pulse nanopore techniques characterize native proteins but are limited by
short residence times, preventing the resolution of long-timescale events.

Plasmonic optical tweezer (POT) technology offers a promising solution by using a highly
enhanced optical field to trap a single protein in a plasmonic hotspot near a nanoaperture in a
gold film. The optical transmission through the aperture shifts with the protein's introduction
and subsequent conformational changes, providing a label-free report of a single protein's
dynamics. Reuven Gordon's group has utilized POT to distinguish between folded and
unfolded bovine serum albumin (BSA) states and observe the binding and unbinding of small
molecules to human serum albumin (HSA).

We developed an adapted POT system with integrated fluidics to study the conformational
dynamics of four biologically relevant proteins. Starting with calmodulin, we validated our
system by monitoring its unfolding and refolding states. Trapping single calmodulin molecules
for up to two hours, we observed thermal unfolding and refolding in real-time. Apo-calmodulin
showed stepwise unfolding, while holo-calmodulin remained stable up to 60°C.

Building on these results, we monitored the catalytic cycles of individual enzymes. We focused
on adenylate kinase (AdK), known for its significant conformational changes upon substrate
binding. We tracked conformational changes in AdK in response to substrate and inhibitor
addition, revealing a previously unknown enzymatic sub-cycle.

We also studied citrate synthase (CS), a dimeric enzyme in the citric acid cycle. Our results
distinguished between CS conformational states in the presence and absence of the substrate
oxaloacetate (OAA), and we identified a new intermediate conformation essential for the
catalytic cycle upon adding acetyl coenzyme A (AcCoA).

Lastly, we explored the allosteric conformational change of hemoglobin (Hb) in response to
oxygen binding. Hb transitions from a tense (T) state to a relaxed (R) state when binding
oxygen, breaking salt bridges between subunits. We observed transmission signal changes
correlating Hb's transition from deoxy-Hb to oxy-Hb. Control experiments with myoglobin and
methemoglobin supported our findings, though further investigation is needed to fully
understand our observations.

Our adapted POT system provides a powerful tool for real-time, label-free monitoring of single
protein conformational dynamics, offering new insights into protein function and mechanisms.
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