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Protein motion is defined by a network of interactions within the cellular
environment, serving as a direct report of activity and function. The key
challenges in single molecule tracking (SMT) studies in live cells remain the
assignment of biological meaning from a set of molecule trajectories, as well as
the technical challenges in generating the volume of data necessary to
characterize interaction pathways. Through advancements in optical engineering,
automation, and computation, we have developed an industrial-scale system to
track fast-moving proteins across thousands of conditions in mammalian cell lines.
We applied this system to study the estrogen receptor (ER), a protein well known
for its role in normal human development as well as its prominent role in many
breast cancers. We present a chemical genetics screen of thousands of known
bioactive compounds to identify novel ER modulators. Intriguingly, chemical
genetics also revealed the contributions of multiple pathway interactions on ER
dynamics, distinguishable through pathway-specific effects. Further, SMT can be
an effective readout for direct target engagement via real-time kinetics
measurements, can elucidate structure-activity relationships, and can predict
compound efficacy in orthogonal assays. Taken together, our results underscore
the wealth of information embedded within high-throughput, live-cell SMT data,
and the utility of this information in furthering our understanding of biology
across a broad set of applications.

Protein interaction networks are key to 
biology but hard to quantify

We have created a high-throughput SMT 
platform to measure protein dynamics in live 
cells
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Conclusions

SMT differentiates between steroid hormone 
receptors and their cognate hormones

Direct ER modulators can be distinguished from 
pathway perturbations by time to activity

Estrogen Receptor (ER) is an example of how 
an interaction network drives biology

Small-molecule effects on ER are detected as 
changes to distributions of diffusive states

• Mis-regulation of ER is the primary driver in breast cancer2

• Regulation of ER involves changes in its binding partners: under basal 
conditions, ER is sequestered in complex with HSP90 and other cofactors. 
Upon ligand binding, the receptor dissociates from the inactive complex, 
dimerizes, and binds to DNA.3

Bioactive compound screen identifies known and 
novel modulators of ER
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• Single-molecule-resolution measurements in live cells, in near real-time, 
provide a means to quantify interaction networks1

• Changes in interactions can manifest as changes in protein dynamics
• Challenging to scale to collect enough data to dissect interaction networks, 

rather than just binary interactions
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• Estradiol promotes binding of 
ER to chromatin5

• Observed in htSMT as an 
increase in “fraction bound”
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• We can measure fraction bound at different times post compound addition

• Direct ER modulators affect fraction bound almost immediately; pathway 
perturbations take longer to show an effect

• We can order these effectors by how long they take to change fraction 
bound, enabling us to begin building an interaction network model:

Chromatin
ER

HSP90
Proteasome

mTOR

CDK9

• We have developed an automated platform capable of performing SMT on 
more than one million cells per day and quantifying changes in diffusive states 
after compound addition

• Using this platform, we can identify all 30 known steroid ligands from a library 
of 5,067 bioactive compounds, plus 209 non-steroidal molecules

• By interrogating the change in ER dynamics as a function of time after 
compound addition, we can model a network of ER interactors in living cells

• We screened a structurally diverse set of 5,067 known bioactive compounds 
and measured their effects on the bound fraction of ER

• Known direct ER modulators (“ER positive controls”) increased the bound 
fraction

• Known pathway modulators increased or decreased the bound fraction
• 209 new ER modulators were identified


