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Figure 8. Impact of compound fluorescence depends on magnitude of interference. (A) Summary of fluorescent compound
interference interpretation. Due to the high sensitivity of modern imagers, the magnitude of compound fluorescence should be
interpreted with respect to bioactive controls. Right: viewing re-scaled images can suggest interference that may not be functionally
significant. (B) Examples of weakly fluorescent test compounds revealed by a Cell Painting fluorescence interference counter-screen.
Unstained compound-treated cells were imaged under identical conditions to the conventional Cell Painting method. Note when the
intensities are normalized to stained cells, the magnitude of compound autofluorescence can be negligible. Increasing signal gain
reveals weak compound autofluorescence.

« The intensity of the assay readout relative to the magnitude of compound fluorescence.
« The potential for the interfering agent to interact with one or more cellular components, increasing the
fluorescence intensity or altering the spectra of the fluorescence.

In an HCS campaign to identify inhibitors of miR-21 biogenesis (8), all 1,130 primary hits from a screen of 315
K compounds were found to optically interfere with the enhanced green fluorescent protein (EGFP) reporter.
The fluorescence interference was determined by counter-screening with the primary cell line minus the EGFP
reporter. Methods for predicting compound fluorescence based on chemical structure are imperfect, especially
in cellular contexts.

In addition to direct autofluorescence, some compounds that undergo degradation or are metabolized in situ can
become fluorophores. This challenge is growing for image-based screening because morphological changes in
assays like Cell Painting rely on defined pixel measurements of fluorescent regions within cells (49). Interfering
fluorescent compounds can obscure these regions of interest, making it difficult to distinguish them from cell
compartment bioprobes. As an example, the pro-drug pentamidine (DB289), a therapeutic for African sleeping
sickness, has been reported to produce a cascade of five metabolites, including the product (DB75) which is
highly fluorescent in the green spectrum (50,51).
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Figure 9. Fluorescent compound interferences in HCS assays. (A) Schematic of interference in HCS assays by fluorescent compounds.
Fluorescent compounds will produce “active” readouts in the absence of stains/reporters, and are usually more prevalent in the blue
and green fluorescent spectral regions. (B) Fluorescent compounds can interfere with the interpretation of cellular GFP reporters. Note
that most SU6656-treated HeLa cells appear GFP-positive, while HeLa cells transfected with a plasmid harboring an eGFP reporter
show 5-10% efficiency. (C) Fluorescent compounds usually display some concentration dependence. (D) Fluorescent compounds can
produce a variety of patterns such as nuclear, cytoplasmic, and punctate patterns.

Quenchers

Broadly defined, fluorescent quenchers are compounds that attenuate fluorescence intensity of a given substance,
and this phenomenon can occur by a variety of fundamental mechanisms such as chemical and physical
quenching (Figure 10A), or by direct competition at the binding site for the fluorescent probe in use. In FRET
formats, quenching can occur at one or more steps of the signal cascade between donor fluorophore excitation to
acceptor fluorophore emission. The exact mechanisms of FRET fluorescence interferences are usually not
determined during HCS triage.

In HCS assays, quencher detection may already be “built into” the assay and compounds that reduce the
intensity of nuclear stains such as DAPI, DRAQ5, or Hoechst are flagged as potential quenchers (Figure 10B).
Counter-screens for quencher artifacts usually involve brief compound treatment times to minimize the chance
of biological perturbation. It follows that compounds that lead to reductions in fluorescent intensities would do
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so by quenching. Like fluorescence, quenching will usually exhibit concentration-dependence, so in general
decreasing compound concentrations will help mitigate this interference.

Some factors affecting the incidence of quenching interference include:

o The concentration and associated fluorescent spectral properties of a given compound quencher.
o The spectral properties of assay reagents and image acquisition settings.
« The intensity of the assay readout relative to the magnitude of compound quenching.

Quenchers have been used as tools for many cell-based assays including live-cell imaging for decades as they can
be used to remove or reduce non-cell-based fluorescent signal. Many quenchers used in live-cell imaging are cell
impermeant and therefore only block extracellular fluorescent signal, thereby effectively increasing the contrast
of cell-specific signaling. While these quenchers can have great utility in live-cell imaging, small-molecules with
quenching activity could prevent detection of a fluorescent signal and be considered a false positive or false
negative depending on the nature of the HCS assay.

For additional details on compound-mediated light interferences, consult the Assay Guidance Manual chapters
Interference with Fluorescence and Absorbance (52) and Compound-Mediated Assay Interferences in
Homogenous Proximity Assays (53).

Compound informer sets

A practical approach to investigate phenotypes of interest for possible nuisance behaviors is the use of
compound informer libraries. In many cases, such compound collections are composed of compounds with
well-characterized activities to explore signaling pathways (‘MOA-box’) and previous clinical use (repurposing
libraries) (54). In the context of assay artifacts and interference, such an informer set is a small collection of
prototypical interference compounds (Figure 11) (7). Employing this approach from the onset helps to estimate
the likelihood of specific interferences for a particular assay and characterizes the interference phenotypes which
are difficult to predict a priori. In this way, screening compounds that produce similar phenotypes as informer
nuisance compounds are clustered and can be triaged or investigated by additional counter-screens. Many
industrial screening operations employ nuisance informer sets (55). The following are additional tips for using
nuisance compound informer sets:

« Informer sets can include technology-related light generated interference compounds (fluorescent
compounds, quenchers, light scattering compounds) and non-technology interference compounds
(nonspecific electrophiles, aggregators, redox cyclers, surfactants, and various cytotoxins), among other
classes.

« An example informer set has been reported (see Supplemental Information of reference (7)).

« Test compounds at multiple concentrations, as interferences are often concentration-dependent and can
vary from assay-to-assay.

o Include multiple compounds (both analogs and distinct chemotypes) from each interference class, and
inactive analogs when possible.

« Interference informer sets can be used during the assay development/validation phase and/or during the
primary HCS.

« We recommend including high-quality chemical probes and reference compounds in parallel, since
nuisance and “on-target” phenotypes can potentially overlap.

An informer collection focused on known fluorescent compounds, particularly across spectral wavelengths and
mechanisms (such as those that change fluorescence as a function of their local environment) could alert a group
on the sensitivity of an assay to fluorescence interference and which types of interference are most difficult to
deconvolute.
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Figure 10. Quenching compound interferences in HCS assays. (A) Schematic of interference in HCS assays by quenching compounds
Quenching compounds will produce “active” readouts in loss-of-signal assays by attenuating the expected fluorescence intensity
without modulating the bioactivity. This can occur by several chemical mechanisms. (B) Suspected quenchers can be identified by
counter-screens that treat cells with compounds for a limited time to minimize any bioactivity. (C) Example of a fluorescence quencher
(Hoechst channel) identified by a quenching counter-screen for an AR-RFP/TIF2-GFP biosensor HCS. Note that cells can be identified

by including a nuclear stain and re-scaling the intensity.

Structure-based and cheminformatics-based fluorescence predictions

While general rules for predicting intrinsic compound fluorescence exist, the prediction of compound
fluorescence based on chemical structure is still a nontrivial endeavor and algorithms tend to score with 70-80%
accuracy, too low to rely on (6,56). In general, compounds with conjugated electronic systems (‘aromatics’) can
better absorb and fluoresce UV and visible light, but chemical substituents and other structural features can have
complex effects on optical properties. Related to this, the property of how intrinsic fluorescence changes as a
function of the environment is also difficult to predict. Compounds can change excitation/emission wavelengths
in a less polar environment, such as in membranes or when complexed to proteins. The prediction of compound
fluorescence quenching is even less straightforward, as this can occur by several mechanisms: static quenching
(complex formation), collisional quenching, FRET, and others. Cheminformatics can assist with fluorescent
compound prediction. These methods generally require HTS-scale counter-screens to profile compounds for
specific interferences. An example open-source tool from the National Toxicology Program is InterPred which
uses random forest machine learning to predict interference of active versus inactive chemicals (6,56). While not
an approach to define fluorescent compounds explicitly, looking at the distribution of structural motifs in
compounds to be screened can alert one to the potential for interference and trigger a mitigation plan for dealing
with the rare one-oft, or a broader approach. For significant screening campaigns, complementing this in silico
approach with the development of a corresponding informer set of compounds (discussed above) can build

robustness into the effort.

Another approach involves flagging compounds with increased hit rates in fluorescence-based assays. While
standard practice in established screening laboratories, such institutional data may be sparse in laboratories
starting out. Because of the potential for false-negative and false-positive predictions, it is necessary to confirm
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Figure 11. Schematic for the design of an HCS nuisance compound informer set. It is recommended to use multiple chemotypes per
interference MOA, multiple analogs per chemotype, and testing at several concentrations. Note that compounds can both interfere
with the assay technology but also produce phenotypes by undesirable MOA. Nuisance informer sets can be used for: 1) compounds
that produce HCS readouts similar to known nuisance compounds should undergo further scrutiny, 2) HCS assays can be modified
during development if they are highly susceptible to certain interferences, and 3) efficient screening cascades can be designed based on
nuisance MOA sensitivities. See also Supplemental Information of reference (7) for an example informer set.

by a wet-lab experiment the cheminformatic predictions on high-priority compounds. For example, samples can
contain highly fluorescent impurities that may only be revealed by experimental counter-screening or looking
for activity in previous fluorescent assays (10).

Confirmation and follow-up

After identifying compounds of interest by appropriate data analyses, it is crucial to perform a series of
experiments on HCS-active compounds to dually select for desirable compounds and triage undesirable
compounds. This screening cascade should assess for artifacts, irreproducible hits, and undesirable MOAs, and
triaging as indicated. It should include orthogonal assay formats and counter screens designed and selected to
confirm activity at the target or phenotype of interest, evaluate selectivity and/or specificity, and evaluate
cytotoxicity. This section details experimental counter-screens for compound fluorescence and quenching in
HCS assays and summarizes other high-yield secondary assays in the screening cascade for these purposes.

Optical interference counter-screens

A recommended counter-screen for fluorescent compound interference involves testing active compounds in the
absence of stains, labels, or reporters (Figure 12A). For example, in a fluorescent protein assay (i.e., GFP), one
can use a parental cell line without transfecting the GFP reporter (19,48). A recommended counter-screen for
quenching compound interference involves testing active compounds in the presence of stains or reporters, but
with short incubation times to preclude actual bioactivity (Figure 12B). Both significant fluorescent and
quenching compounds should generally show similar readouts as the primary HCS readout.
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An overview of these process steps including technical information is highlighted in Table 1.





