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▪ While affinity ranking is crucial in the hit validation stage of
drug discovery, current assay techniques have limitations
such as the inclusion of labels that can cause unwanted
interactions, limited dynamic range to gain accurate analysis,
or a large amount of background noise caused by solvents.
▪ Agile R100 uses the breakthrough electrical technique FEB, an
orthogonal label-free sensing mechanism that enables a wide
dynamic range and is unaffected by optically impure samples
such as solvents. This reduces the assay development time
needed for affinity ranking studies, while providing
additional kinetic binding rate information.
▪ In this application note, we provide kinetic characterization of
3 small molecule inhibitor compounds, SPD304, Evans Blue,
and Trypan Blue, interacting with target TNFα, a cytokine, as
measured with Agile R100. We show that rank ordering using
Agile R100 KD values matches the rank order achieved with
IC50 values from published studies.
▪ We further share standard curves for SPD304 interacting with
TNFα in assay buffer containing a range of 0% to 10% DMSO.
All KD values are within a factor of 1.6, displaying the
platform’s impartiality to optical impediments.

ABSTRACT
Affinity ranking is a vital component of the drug discovery hit
validation phase. However, many assay techniques suffer from
drawbacks including the requirement of labels which
complicate assay development, a lack of adequate dynamic
range to accurately characterize the interaction, or background
noise caused by optical impediments such as solvents.
Agile R100 uses Field Effect Biosensing (FEB), a proprietary
electrical technique that is label-free, has an 11-log dynamic
range, and is unaffected by complex samples that are difficult
to measure with optical biosensors. In this application note, we
share affinity and kinetic binding rates of SPD304, Evans Blue,
and Trypan Blue interacting with Tumor Necrosis Factor alpha
(TNFα), a cytokine involved in the body’s inflammatory
response and a common therapeutic target. The small
molecules SPD304, Evans Blue, and Trypan Blue inhibit the
activity of TNFα by interfering with trimerization of the protein
to yield its active form. The KD of each interaction as measured
by Agile R100 rank orders the same as previously-published
peer-reviewed half-maximal inhibitory concentration (IC50)

values,1,2 while also providing kinetic binding rates. In addition,
Agile R100 provides precise data for SPD304 binding with TNFα
in measurements of up to 10% DMSO, showcasing the labelfree platform’s impartiality to optical impediments.

INTRODUCTION
Once a target has been determined in early stage drug
discovery, chemical libraries are screened to identify
compounds that modulate the activity of that target, a.k.a. hits.
In the hit validation and medicinal chemistry phases of
discovery, interactions are often quantified and optimized
through an iterative process. Different orthogonal techniques
may be chosen so that results are not affected by the technical
limitations of any one platform. In these phases, affinity
ranking is a critical analytical method to prioritize hits by
IC50/EC50 values or binding affinity (KD).
Spectroscopy-based techniques (e.g. fluorescence resonance
energy transfer [FRET] and enzyme immunoassays [EIA])
require labels to characterize interactions. These assays yield
IC50/EC50 values that can be used for rank ordering purposes.
The interference of labels with activity measurements
combined with the time required to develop appropriate labels
motivate researchers to find label-free solutions.
Label-free optical biosensing techniques (e.g. surface plasmon
resonance [SPR] or Bio-Layer Interferometry [BLI]) are also
used to provide binding affinity data for rank ordering
purposes, while additionally providing information-rich kinetic
binding rate data. The rank order generated with these
techniques is comparable with the rank order generated by
IC50/EC50 values from spectroscopy-based techniques.
However, the dynamic range of these instruments is limited by
lack of sensitivity to low molecular weight molecules as well as
the fast on- and off-rates indicative of interactions with low
affinity. Additionally, compounds at the hit validation stage
tend to have high micromolar affinities. At these
concentrations, dimethyl sulfoxide (DMSO) is required to
solubilize the compounds. On optical platforms, DMSO can
cause background noise that is magnitudes larger than the
signal generated by the target and compound interaction, and
thus must be accounted for by time-consuming and often
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error-prone solvent correction.3,4 The addition of solvents limits
the sensitivity and dynamic range of optical techniques.
Agile R100 offers an orthogonal label-free option that
streamlines hit validation, providing highly-sensitive kinetic
characterization of small molecules over an unprecedented
11-log dynamic range.5–7 The platform uses FEB, an electrical
technique that characterizes biomolecular interactions by
measuring the current across a sensor surface on which the
target is immobilized. Any interaction or binding that occurs
causes a change in conductance that is monitored in real-time,
enabling accurate binding affinity and kinetic measurements.8–
13
Because FEB is an electrical technique, optical challenges
such as solvents do not cause the large amounts of background
noise that hinder optical platforms.14 Due to its wide dynamic
range, impartiality to solvents, and label-free sensing
mechanism, Agile R100 provides an exceptional orthogonal
methodology to rank order compounds with less time and
resources.
TNFα is a cytokine involved in the body’s inflammatory
response. Dysregulation of this response is involved in many
diseases, such as rheumatoid arthritis and plaque psoriasis.
TNFα is primarily produced by activated macrophages but can
also be produced by a variety of other immune cells, even
neurons. The active form of TNFα is a trimer (see Figure 1 for
the trimeric structure). Physiological consequences of TNFα
signaling include fever, apoptosis, and inflammation. Despite
clinical success of protein-based drugs against TNFα,
development of small molecule inhibitors is stalled by
challenges in drug screening.13-15 Several small molecule
inhibitors that interact directly with the TNFα trimer have low
affinity, poor activity, are cross-reactive, or inhibit TNFα
indirectly.2

causing deoligomerization of the active form.19 Additionally,
while SPD304 binds in the TNFα binding pocket through
hydrophobic interactions, SPD304 can also bind to both the
membrane-bound or soluble form of TNFα.19 Since SPD304 is
large enough to contact 2 TNFα subunits simultaneously,
SPD304 can block the third TNFα subunit from joining and
prevent formation of the active trimer.19 Thus, SPD304 can
both deoligomerize a formed TNFα trimer and prevent trimer
formation. The IC50 value for this interaction has been reported
as 22 μM.2 The mechanisms of action (MOA) for Evans Blue
(960.81 Da) and Trypan Blue (960.81 Da) have also been
elucidated. Evans Blue and Trypan Blue bind to the core of the
TNFα trimer, causing deoligomerization of the TNFα trimer by
modifying the quaternary structure. The IC50 of Evans Blue
inhibiting TNFα has been reported to be 750 μM while the IC50
of Trypan Blue interacting with TNFα has been reported to be
1000 μM.1 According to these previously-published IC50
values,1,2 the ranking of the 3 small molecule compounds from
highest to lowest potency are: SPD304, Evans Blue, and Trypan
Blue.

Figure 1: The structure of TNFα is pictured. A) Human TNFα is
biologically active as a trimer, and inhibitors of TNFα reduce activity by
inducing deoligomerization of the trimeric structure. SPD304 binds to
the core of the trimer to dislodge a subunit. Evans Blue and Trypan
Blue disrupt the quaternary structure of TNFα, causing
deoligomerization. B) The inhibitor/dimer complex then
reoligomerizes as a tetramer.1,2 PDB ID: 1TNF.18

Figure 2: The small molecules studied are A) SPD304, B) Evans Blue,
and C) Trypan Blue. SPD304 binds to the core of the TNFα trimer,
disrupting the quaternary structure and causing dissociation into
dimeric and monomeric forms. Evans Blue and Trypan Blue both
induce deoligomerization of the TNFα trimer by modifying the
quaternary structure.1,20

SPD304, Evans Blue, and Trypan Blue are small molecule
inhibitors of TNFα, and their structures are shown in Figure 2.
SPD304 (620.53 Da) directly inhibits active trimeric TNFα by
binding between 2 TNFα subunits and displacing the third,

MATERIALS AND METHODS
TNFα Immobilization
Recombinant human tumor necrosis factor alpha (TNFα)
(17.5 kDa) was used as the target protein. Immobilization was
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performed at room temperature with a 75 μL drop of sample.
To covalently immobilize TNFα to an Agile R100 COOH
biosensor chip, standard carbodiimide crosslinker chemistry (NEthyl-N’-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC) and N-Hydroxysulfosuccinimide (sNHS)) in biotechnology
grade 2-(N-morpholino) ethanesulfonic (MES) pH 6.0 buffer
was added for 15 minutes. Next, 179 ng/mL TNFα in
immobilization buffer (cell culture grade 1X phosphate
buffered saline [PBS] pH 7.4) was added to the activated
graphene surface for 15 minutes. To block the exposed
graphene to nonspecific binding and to inactivate surface
binding sites, Quench 1 (3 mM polyethylene glycol [PEG]-amine
in 1X PBS pH 7.4) and Quench 2 (1 M ethanolamine in water
pH 8.5) were sequentially added to the biosensor chip for
15 minutes each. Assay buffer was added to the biosensor
chips to equilibrate prior to addition of the small molecule.

Kinetic Characterization
Small molecules SPD304 (620.53 g/mol), Evans Blue
(960.81 g/mol), and Trypan Blue (960.81 g/mol) were
investigated as drug compounds interacting with the target
protein. The assay buffer for the kinetic characterization
interactions was 1X PBS pH 7.4. A 75 μL drop of sample at room
temperature was added to the biosensor chip for all
measurements.
Fresh assay buffer was added to the Agile R100 biosensor chip
to calibrate a baseline measurement for 5 minutes, followed by
the addition of the compound in assay buffer for 10 minutes to
measure association. After the association measurement was
complete, assay buffer was added to measure dissociation of
the interaction, and kinetic binding rates were calculated using
integrated Agile Plus software. The tested concentrations are
shown in Table 1 below.
Table 1: The concentrations of SPD304, Evans Blue, and Trypan Blue
interacting with TNFα.
Compound

Concentrations (μM)

SPD304

0.004, 0.04, 0.2, 0.4, 2, 4, 20, and 40

Evans Blue

10, 100, 250, 750, 1000, 5000, 75000, 10,000,
15,000, and 20,000

Trypan Blue

0.1, 1, 10, 30, 100, 250, 500, 750, 1000, 1300,
2000, 3000, 4000, 5000, and 10,000

To release the target protein and compound interaction
between dilutions of compound, assay buffer was used as
regeneration buffer. To accomplish regeneration, 5 quick rinses
followed by a 5-minute wash step in regeneration buffer was
performed between each measurement cycle. Repeated cycles
of regeneration were completed until release of the TNFα
target was successful (characterized by the sensor response
reaching >80% return to baseline). Following regeneration,

assay buffer was added to calibrate prior to the next
concentration measurement of compound. The calibration,
association, dissociation, and regeneration steps were
repeated for all compound concentrations. Each concentration
series was performed on the same Agile R100 biosensor chip,
and concentrations were measured from low to high.

DMSO Measurements
The assay buffer for the TNFα and SPD304 interaction in DMSO
was 1X PBS pH 7.4 containing 0% DMSO, 1% DMSO, 3% DMSO,
or 10% DMSO. A 75 μL drop of sample at room temperature
was added to the biosensor chip for all measurements. The
measurement conditions in DMSO were the same as the
conditions for the kinetic characterization experiment outlined
above. To reiterate briefly, calibration was performed for
5 minutes in assay buffer, association was performed for
10 minutes with SPD304 in assay buffer, and dissociation was
performed for 5 minutes with assay buffer. The concentrations
of SPD304 ranged from 0.04 μM to 4 μM, and concentrations
were tested on the same Agile R100 biosensor chip from low to
high. Regeneration was performed with assay buffer until the
sensor response returned >80% to baseline.

Analysis
For both kinetic characterization of SPD304, Evans Blue, and
Trypan Blue and the SPD304 DMSO measurements, the on-rate
(kon) and off-rate (koff) were determined by Agile Plus software
with a single exponential curve fit to the association and
dissociation sensor responses.21 The sensor response is the
magnitude of the I-Response caused by the biomolecular
interaction, and a standard curve was created from the sensor
responses with respect to the compound concentration. The K D
was determined with a Hill-Langmuir fit of the standard curve,
automated in Agile Plus software. Sensor response magnitudes
vary for each compound, and the sensor response magnitudes
in the standard curve were graphed by the software as
normalized to the maximum sensor response found from the
Hill-Langmuir curve fit. The mean and standard deviation are
reported for all kinetic binding values, and error propagation of
mean and standard deviation was used to carry through the
variation. The data for mean and standard deviation come from
the average and variation between the n = 3 independent
replicate biosensor chip measurements. Here, kon is reported in
M-1s-1, koff is reported in x 10-3 s-1 (perseconds), and KD is
reported in μM.

RESULTS AND DISCUSSION
Kinetic Characterization
The sensorgrams used to calculate kinetic binding rates of
SPD304, Evans Blue, and Trypan Blue interacting with TNFα are
shown in Figure 3. As the compound interacts with the target,
the sensorgram is recorded in real-time, and kon and koff are
calculated by Agile Plus software (Table 2).
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Figure 5: Standard curves generated by Agile R100 for TNFα
interacting with SPD304 (black; KD = 3.25 ± 0.659 μM), Evans Blue
(blue; KD = 1102 ± 107 μM), and Trypan Blue (red;
KD = 2454 ± 415 μM). The IC50 of each inhibitor respectively is 22 µM,
750 µM, and 1000 µM.1 The combined standard curves demonstrate
that the affinity ranking of the TNFα and inhibitor interactions
generated with Agile R100 replicate the previously-published IC50 rank
order.
Table 3: The KD values for SPD304, Evans Blue, and Trypan Blue
interacting with TNFα as measured by Agile R100 are shown below.
For comparison versus KD, previously-reported IC50 values are also
shown below.

Figure 3: Sensograms taken from Agile R100 show the dependence of
the sensor response on the concentration of the inhibitor compound.
As the concentration of compound A) SPD304, B) Evans Blue, and
C) Trypan Blue increases, the magnitude of sensor response
correspondingly increases.

KD

IC501,2

(μM)

(μM)

SPD304

3.25 ± 0.659

22

Evans Blue

1102 ± 107

750

Trypan Blue

2454 ± 415

1000

Table 2: The kinetic binding rates for SPD304, Evans Blue, and Trypan
Blue interacting with TNFα as measured by Agile R100.
kon

koff

(M-1s-1)

(x 10-3 s-1)

SPD304

2960 ± 855

9.63 ± 1.98

Evans Blue

44.9 ± 10.8

49.4 ± 10.8

DMSO Measurements
Trypan Blue

10.7 ± 2.55

26.2 ± 4.43

Figure 5 shows 3 standard curves, plotted as the sensor
response versus concentration of each compound as it
interacts with target protein TNFα, and the KD values are
calculated from these. The results show that the binding
affinity ranking generated with Agile R100 is the same as the
rank order determined from previously-published IC50 values
(Table 3).1,2 Agile R100 provides additional kinetic binding rate
data which gives users more information earlier in the drug
discovery process to make better decisions.

The TNFα and SPD304 interaction is further evaluated using a
standard curve with assay buffer containing 0% DMSO,
1% DMSO, 3% DMSO, and 10% DMSO (Figure 6). The KD values
determined in buffer containing DMSO are within a factor of
1.6 of the KD value without DMSO. Agile R100 reproducibly
senses interactions in buffers containing DMSO because
solvents do not impact the electrical FEB technique or cause
large background noise on the system.
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Figure 6: Standard curve generated by Agile R100 for TNFα interacting
with SPD304 in assay buffer containing 0% DMSO (black), 1% DMSO
(red), 3% DMSO (blue), and 10% DMSO (green).

CONCLUSIONS
In this application note, we demonstrate that Agile R100 is a
powerful platform for affinity ranking studies during hit
validation. The system delivers kinetic binding rates (kon and
koff) in real-time and generates affinity data that rank order in
line with published studies, without interference from labels or
background noise from solvents. FEB provides a nextgeneration mechanism to gather comprehensive kinetic
binding data over a large dynamic range (nM to mM), enabling
complete and cost-effective characterization of drug
candidates. As a result, Agile R100 shows promise as a
groundbreaking orthogonal sensing platform to streamline and
improve drug discovery efforts.
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