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▪ Understanding how a small molecule performs in the
presence of serum is fundamental to creating a successful
drug. Early insight into how a compound binds to a target in
the presence of serum enables better decisions for candidate
selection and eventual development, potentially decreasing
attrition rate and reducing expense and time to market.
▪ Assays often need to be greatly modified when studying a
compound in serum versus buffer. Frequently, different tools
are used, necessitating the development of entirely new
experimental conditions. Even when the same platform is
utilized, limited ability to measure in complex matrices forces
additional assay re-optimization, expending precious time
and resources.
▪ In this application note, we show that Agile R100 provides
reproducible kinetic binding data for small molecules with no
assay adjustment when transitioning from buffer to serum.
We examine 3 low molecular weight compounds interacting
with their targets – a CR GPCR, a cytokine, and an aptamer in
both buffer and serum. The kinetic constants between buffer
and serum are within a factor of 1.9.
▪ Agile R100 leverages breakthrough FEB technology to easily
sense in complex matrices, providing earlier information
about the behavior of a drug in serum without extensive
assay development and optimization.

ABSTRACT
Obtaining small molecule kinetic information in serum earlier in
the drug discovery process gives researchers a significant edge
in determining the likelihood of success of a drug.1 Agile R100
leverages Field Effect Biosensing (FEB) technology to detect
small molecule interactions in both buffer and serum, without
the interference and noise common on other platforms.
Minimal to no protocol changes are required to transition from
buffer to serum which drastically reduces development time
and cost, bringing early kinetic serum data within the reach of
most labs. For this application note, 3 unique target and small
molecule binding pairs were chosen to represent common
interactions in the drug discovery space. The pairs are: a
chemokine binding G-protein coupled receptor (CR GPCR)
binding with small molecule Compound A, the cytokine tumor
necrosis factor alpha (TNFα) protein binding with small

molecule SPD304, and a DNA aptamer against colistin (i.e.
colistin aptamer) binding with the antibiotic drug colistin.
Agile R100 provides reproducible kinetic characterization of
small molecules in serum with no assay adjustment from
buffer, illuminating the ability to use the system throughout
the drug discovery and development process with minimal
modifications.

INTRODUCTION
Kinetic characterization of small molecule interactions in serum
is fundamental to understanding parameters for clinical
efficacy, and early access to this vital information enables
improved drug candidate development and earlier attrition of
non-performing compounds.1 Serum interference can cause
small molecule compounds to behave differently than they do
in buffer. For example, some initially promising compounds
may bind to common components in serum, such as albumin,
leaving less available active drug and reducing efficacy. 2,3 The
earlier this can be discovered, the more effective decisions are
about leads that advance in drug discovery.
Many kinetic binding assay platforms suffer from serum
interference.4,5 Surface plasmon resonance (SPR) and Bio-Layer
Interferometry (BLI) are useful for kinetic characterization in
buffer, but these optical systems are greatly impacted by dense
matrices such as serum.6,7 High performance liquid
chromatography-mass spectroscopy (HPLC-MS) performs
precise analysis of small molecules in serum, but does not
provide information-rich kinetic data including affinity and onand off-rates, only the amount of drug present in a sample. In
addition, HPLC-MS requires rigorous and time-consuming
experimental design because the platform is highly sensitive to
changes in buffer, separation technique, flow rate, and volume
of fractions, among other factors.8 Often, multiple detection
platforms are used to attain kinetic binding data initially in
buffer and later in serum, but assay development and
optimization are required at every transition, which adds costs,
time, and resources. A platform is needed that can characterize
kinetic binding interactions across buffer and serum conditions
with minimal to no assay adjustment.
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Detecting Small Molecule Compounds in Serum with Agile R100
Agile R100 is based on Field Effect Biosensing (FEB), which is
an electrical technique, not an optical one.9 The target is
immobilized to the biosensor surface, and change in
conductance is measured in real-time as analyte bind to and
dissociate from the target.10 This produces reliable kinetic
binding data with high accuracy, sensitivity, and
reproducibility.11 Optically-dense serum causes large amounts
of background noise on SPR and BLI tools, which necessitates
time-consuming and error-prone reference subtraction
measurements. Agile R100 easily circumvents this because the
response is not impacted by the optical density of the sample;
the system only registers changes in conductance, an electrical
property. Because serum does not interfere with the electrical
sensing mechanism of the platform, minimal to no assay
adjustment is needed between buffer and serum conditions.
Therefore, Agile R100 is an optimal kinetic binding platform for
early stage drug discovery through preclinical development
that minimizes the time and cost of assay optimization.
To demonstrate Agile R100’s ability to reproducibly measure
kinetics in both buffer and serum, 3 binding interactions that
represent unique and high-valued targets in the world of drug
discovery are characterized in this application note. GPCRs are
extensively involved in cellular signal transduction,12 and
Compound A is a small molecule drug antagonist for GPCR
chemokine receptor (CR), involved in autoimmune diseases.
TNFα is a cytokine well-known for its involvement in activation
of inflammation pathways, and SPD304 is a small molecule
inhibitor of TNFα.13–15 Colistin is an antibiotic used to treat
multi-drug resistant organisms (MDROs) common in sepsis and
other serious infections,16 and the colistin aptamer is a DNA
aptamer against colistin being researched with the goal of
improving therapeutic drug monitoring (TDM) of critically ill
patients. Agile R100 measures the kinetics of all 3 of these
compounds in both buffer and serum with no adjustments
made from simple buffer to serum. This streamlined approach
enables valuable kinetic characterization in serum without
additional time and resources, accelerating drug discovery and
development.

MATERIALS AND METHODS
Biosensor Chip Immobilization
CR GPCR
Using the “Immobilization – NTA” protocol in Agile Plus
software, 14.3 µg/mL His-tagged CR GPCR (47.7 kDa) was
immobilized onto NTA biosensor chips. The experiment was
performed at room temperature, and the volume for each step
was 50 µL. After calibration in diH2O for 5 minutes, 11.3 mM
NiCl2 was incubated for 15 minutes. The biosensor chips were
then rinsed with diH2O followed by immobilization buffer (1X
phosphate buffered saline [PBS] pH 7.4, 1% n-Dodecyl
β-D-maltoside [DDM], 1% cholestryl hemisuccinate [CHS]) for 2
minutes each. The system was recalibrated in immobilization

buffer for 5 minutes, followed by CR GPCR incubated for
60 minutes in immobilization buffer. Finally, the biosensor
chips were rinsed 5 times with assay buffer to allow the system
to equilibrate before measurement. Assay buffer for the buffer
experiments consisted of 1X PBS pH 7.4, 1% DDM, 1% CHS,
0.2% DMSO. Assay buffer for the serum experiments consisted
of the same: 1X PBS pH 7.4, 1% DDM, 1% CHS, 0.2% DMSO,
with the addition of normal rat serum to a final concentration
of 1%.

TNFα
Using the “Immobilization – NHS” protocol in Agile Plus
software, 179 ng/mL tumor necrosis factor alpha (TNFα)
(17.5 kDa) was immobilized onto NHS biosensor chips. The
experiment was performed at room temperature and the
volume for each step was 50 µL. After calibration in
immobilization buffer (1X PBS pH 7.4) for 0.5 minutes, the
target TNFα was incubated for 15 minutes in immobilization
buffer. Then, Quench 1 (3 mM polyethylene glycol [PEG-amine]
in 1X PBS pH 7.4) was incubated for 15 minutes to block
exposed graphene from nonspecific binding, followed by
Quench 2 (1 M ethanolamine in 1X PBS pH 8.5) for 7.5 minutes
to deactivate any remaining binding sites. Finally, the biosensor
chips were rinsed 5 times with assay buffer to allow the system
to equilibrate before measurement. Assay buffer for the buffer
experiments consisted of 1X PBS pH 7.4. Assay buffer for the
serum experiments consisted of the same: 1X PBS pH 7.4, with
the addition of normal rat serum to a final concentration of 1%.

Colistin Aptamer
Colistin aptamer (21.7 kDa) was immobilized onto bare
biosensor chips, attached via a pyrene group on the 5’ terminus
of the aptamer. A custom DNA aptamer against colistin sulfate
designed by BasePair Biotechnologies is used in this study. The
π-π stacking between the graphene surface and the pyrene
group ensures strong attachment of the aptamer to the
biosensor chip. The experiment was performed at room
temperature, and the volume for each step was 50 µL. A
custom protocol was created in Agile Plus software as follows:
After calibration in immobilization buffer (1X PBS pH 7.4, 1 mM
MgCl2) for 5 minutes, 2.17 µg/mL colistin aptamer was
incubated for 15 minutes in immobilization buffer. Then, the
biosensor chips were rinsed for 1 minute in immobilization
buffer. Modified Quench 1 (3 mM PEG-amine in 1X PBS pH 7.4,
1 mM MgCl2) was incubated for 15 minutes, serving as a block
against nonspecific interactions. Finally, the biosensor chips
were rinsed 5 times with assay buffer to allow the system to
equilibrate before measurement. Assay buffer for the buffer
experiments consisted of 1X PBS pH 7.4, 1 mM MgCl2. Assay
buffer for the serum experiments consisted of the same:
1X PBS pH 7.4, 1 mM MgCl2, with the addition of normal rat
serum to a final concentration of 1%.
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Measurement
The “Kinetic Binding with Zero” protocol in the Agile Plus
software was used for all 3 experiments. The protocol consists
of 5 steps, beginning with a 5-minute calibration in the
corresponding assay buffer. Then a zero-concentration
measurement was taken in assay buffer. The biosensor chips
were then recalibrated in assay buffer for 5 minutes, followed
by the addition of the small molecule compounds to measure
the association kinetics. Compound A (434.89 g/mol) and
SPD304 (620.53 g/mol) were measured for 5 minutes, and
colistin sulfate (2801.3 g/mol) was measured for 7 minutes.
Finally, assay buffer was added to the biosensor chips to
promote dissociation of the relevant compound, and incubated
for 5 minutes for each binding pair. Compound A binding to CR
was measured at a concentration of 100 µM, SPD304 binding to
TNFα was measured at 5 µM, and colistin sulfate binding to the
aptamer was measured at 10 µM.

Table 1: Summary of the average kinetic binding data (kon, koff, and KD)
generated from the CR and Compound A interaction in the relevant
assay buffer (either in assay buffer without serum or with serum).
kon (M-1s-1)

koff (ks-1)

KD (μM)

Buffer

155 ± 54.9

5.04 ± 1.79

38.4 ± 18.8

Serum

134 ± 56.0

7.81 ± 2.95

59.1 ± 6.25

Assay buffers for the buffer experiments were developed using
information from previous experiments and literature. The
assay buffer for the serum experiments used the same
respective buffers with the single addition of 1% normal rat
serum. No additional modifications were necessary to
successfully transition from buffer to serum experiments.

Analysis
Three replicates were measured for each interaction in buffer,
and 4 replicates were measured for each interaction in serum.
The average sensor response for both buffer and serum is
plotted with standard deviation shown as grey lines. The kinetic
binding values for the association rate (kon), dissociation rate
(koff), and dissociation constant (KD) for each measurement are
calculated by Agile Plus software. For the CR GPCR and
Compound A interaction, the C-Response10 was analyzed, and
for the TNFα cytokine and SPD304 interaction and the colistin
aptamer and colistin interaction, the I-Response10 was
analyzed.

RESULTS AND DISCUSSION
For each interaction, reproducible kinetic binding results were
calculated with n = 3 for each interaction in buffer and n = 4 for
each interaction in serum. The average kon, koff, and KD for each
measurement in buffer and serum are summarized in Tables 1,
2, and 3, and the average sensorgrams and standard deviation
for each interaction in buffer and serum are shown in
Figures 1, 2, and 3. Importantly, no modifications were needed
to transition from buffer to serum experiments.

Figure 1: Average sensorgram and standard deviation of 100 µM
Compound A added to immobilized CR. A) Interaction in 1X PBS
pH 7.4, 1% DDM, 1% CHS, 0.2% DMSO, and the KD is 38.4 ± 18.8 μM. B)
Interaction in 1X PBS pH 7.4, 1% DDM, 1% CHS, 0.2% DMSO with the
addition of normal rat serum to a final concentration of 1%, and the
KD is 59.1 ± 6.25 μM.

The average kinetic binding data in buffer compared to serum
for the CR GPCR and Compound A interaction are comparable
and reproducible, as shown in Table 1. All kinetic binding data
were within a factor of 1.5 for buffer and serum, showing that
Agile R100 produces precise kinetic binding data for small
molecule compounds in both buffer and serum with no
modification when transitioning from buffer to serum.
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Table 2: Summary of the average kinetic binding data (kon, koff, and KD)
generated from the TNFα and SPD304 interaction in the relevant assay
buffer (either in assay buffer without serum or with serum).
kon (M-1s-1)
Buffer
Serum

2500 ± 198
2520 ± 491

koff (ks-1)
8.02 ± 1.27
14.3 ± 1.23

KD (μM)

Table 3: Summary of the average kinetic binding data (kon, koff, and KD)
generated from the colistin aptamer and colistin sulfate interaction in
the relevant assay buffer (either in assay buffer without serum or with
serum).
kon (M-1s-1)

koff (ks-1)

KD (μM)

Buffer

797 ± 313

5.00 ± 1.04

6.68 ± 1.11

Serum

471 ± 144

3.53 ± 0.934

7.58 ± 0.853

3.19 ± 0.278
5.94 ± 1.48

Figure 2: Average sensorgram and standard deviation of 5 µM SPD304
added to immobilized TNFα. A) Interaction in 1X PBS pH 7.4, and the
KD is 3.19 ± 0.28 μM. B) Interaction in 1X PBS pH 7.4 with the addition
of normal rat serum to a final concentration of 1%, and the KD is
5.94 ± 1.48 μM.

The average kinetic binding data in buffer compared to serum
for the TNFα cytokine and SPD304 interaction are comparable
and reproducible, as shown in Table 2. All kinetic binding data
were within a factor of 1.9 for buffer and serum. Additionally,
the kinetic binding data for buffer are in line with previouslypublished KD values, which range from 5.4 ± 0.2 μM to
24.9 ± 2.0 μM when the small molecule SPD304 is solubilized in
buffers with different solvents.17 Agile R100 displays high
reproducibility and accuracy in both buffer and serum.

Figure 3: Average sensorgram and standard deviation of 10 µM colistin
sulfate added to immobilized colistin aptamer. A) Interaction in 1X PBS
pH 7.4, 1 mM MgCl2, and the KD is 6.68 ± 1.11 μM. B) Interaction in 1X
PBS pH 7.4, 1 mM MgCl2 with the addition of normal rat serum to a
final concentration of 1%, and the KD is 7.58 ± 0.853 μM.

The average binding kinetics in buffer compared to serum for
the colistin aptamer and colistin interaction are comparable
and reproducible, as shown in Table 3. All kinetics were within
a factor of 1.7 for buffer and serum, illustrating Agile R100’s
ability to measure interactions in both buffer and serum across
multiple biosensor chips with high precision.
The difference in sensor response magnitude between buffer
and serum could possibly be due to the attenuation of signal
caused by the presence of albumin, which can cause a decrease
in sensor response magnitude. Serum could be bioloading onto
the sensor surface, which would affect the charge profile and
alter the sensor response magnitude when small molecules
bind to the target. Though the sensor response magnitudes
differ between buffer and serum, the kinetic binding data are
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within a factor of 1.9 for all interactions, showing that serum
does not interfere with the kinetic characterizations. Agile R100
provides highly reproducible kinetic characterization of small
molecules in serum, letting researchers easily gain informationrich data without extensive time and expense.

CONCLUSIONS
The ability to study the interactions of small molecule
compounds with their target proteins is crucial for successful
drug discovery. By eliminating compounds that do not perform
well in serum, researchers can make more confident decisions
while reducing time and cost.1 Agile R100 reproducibly
characterizes small molecules in serum using FEB, an electrical
label-free technique that is not subject to the serum
interference that affects other assay tools. In this application
note, Agile R100 precisely measures the binding kinetics of 3
low molecular weight compounds interacting with their targets
in both buffer and serum with no assay modification, and the
kinetic binding data compared between buffer and serum are
within a factor of 1.9 for all 3 binding pairs. This demonstrates
the ability to measure in serum with little to no assay
adjustment from buffer, highlighting the possibility for
increased candidate success rate with FEB technology.

9.

10.
11.

12.

13.

14.

15.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

Zhou W, Wang Y, Lu A, Zhang G. Systems pharmacology in
small molecular drug discovery. Int J Mol Sci. 2016;17(2):116. doi:10.3390/ijms17020246.
Olsen H, Andersen A, Nordbø A, Kongsgaard UE, Børmer
OP. Pharmaceutical-grade albumin: impaired drug-binding
capacity in vitro. BMC Clin Pharmacol. 2004;4(1):4.
doi:10.1186/1472-6904-4-4.
Biswas S, Brunel J, Dubus J, Reynaud-Gaubert M, Rolain J.
Colistin: an update on the antibiotic of the 21st century.
Expert Rev Anti Infect Ther. 2012;10(8):917-934.
doi:10.1586/eri.12.78.
Kenny GE, Dunsmoor CL. Principles, Problems, and
Strategies in the Use of Antigenic Mixtures for the EnzymeLinked Immunosorbent Assay. J Clin Microbiol.
1983;17(4):655-665.
Gupta S, Indelicato SR, Jethwa V, et al. Recommendations
for the design, optimization, and qualification of cell-based
assays used for the detection of neutralizing antibody
responses elicited to biological therapeutics. J Immunol
Methods. 2007. doi:10.1016/j.jim.2006.12.004.
Nirschl M, Reuter F, Vörös J. Review of transducer
principles for label-free biomolecular interaction analysis.
Biosensors. 2011;1(3):70-92. doi:10.3390/bios1030070.
Cooper MA. Optical biosensors: where next and how soon?
Drug Discov Today. 2006;11(23-24):1061-1067.
doi:10.1016/j.drudis.2006.10.003.
Sahu PK, Ramisetti NR, Cecchi T, Swain S, Patro CS, Panda J.
An overview of experimental designs in HPLC method

16.

17.

development and validation. J Pharm Biomed Anal.
2017;147:590-611. doi:10.1016/j.jpba.2017.05.006.
Lerner MB, Pan D, Gao Y, et al. Large scale commercial
fabrication of high quality graphene-based assays for
biomolecule detection. Sensors Actuators, B Chem. 2016:17. doi:10.1016/j.snb.2016.09.137.
Goldsmith B, Locascio LE, Walker A, et al. Agile R100 User
Manual. 2017:1-102.
Qvit N, Disatnik M-H, Sho J, Mochly-Rosen D. Selective
phosphorylation inhibitor of δPKC-PDK protein-protein
inter-actions; application for myocardial injury in vivo. J Am
Chem Soc. 2016:jacs.6b02724. doi:10.1021/jacs.6b02724.
Bar-Shavit R, Maoz M, Kancharla A, et al. G proteincoupled receptors in cancer. Int J Mol Sci. 2016;17(8):1-16.
doi:10.3390/ijms17081320.
Leung C-H, Chan DS-H, Kwan MH-T, et al. Structure-Based
Repurposing of FDA-Approved Drugs as TNF-α Inhibitors.
ChemMedChem. 2011;6(5):765-768.
doi:10.1002/cmdc.201100016.
Chan D, Lee H, Yang F, et al. Structure-Based Discovery of
Natural-Product-like TNF-a Inhibitors. 2010;49:2860-2864.
doi:10.1002/anie.200907360.
He M, Smith A, Oslob J, et al. Small-Molecule Inhibition of
TNF-a. Sci Reports. 2005;310(5750):1022-1025.
doi:10.1126/science.1116304.
Couet W, Grégoire N, Marchand S, Mimoz O. Colistin
pharmacokinetics: The fog is lifting. Clin Microbiol Infect.
2012;18(1):30-39. doi:10.1111/j.1469-0691.2011.03667.x.
Song Y, Buchwald P. TNF Superfamily Protein–Protein
Interactions: Feasibility of Small-Molecule Modulation.
Curr Drug Targets. 2015;16(4):393-408.
doi:10.1038/nbt.3121.ChIP-nexus.

For questions, please contact
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