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ABSTRACT: Investigating the binding interaction of small
molecules to large ligands is a compelling task for the field of
drug development, as well as agro-biotechnology, since a common
trait of drugs and toxins is often a low molecular weight (MW).
Here, we improve the limit of detection of the Interferometric
Reflectance Imaging Sensor (IRIS), a label-free, highly multiplexed
biosensor, to perform small-molecule screening. In this work,
characterization of small molecules binding to immobilized probes
in a microarray format is demonstrated, with a limit of detection of
1 pg/mm2 in mass density. First, as a proof of concept to show the
impact of spatial and temporal averaging on the system noise,
detection of biotin (MW = 244.3 Da) binding to a streptavidin-
functionalized chip is performed and the parameters are tuned to
achieve maximum signal-to-noise ratio (SNR ≈ 34). The optimized system is then applied to the screening of a 20-multiplexed
antibody chip against fumonisin B1 (MW = 721.8 Da), a mycotoxin found in cereal grains. The simultaneously recorded binding
curves yield an SNR ≈ 8. Five out of twenty antibodies are also screened against the toxin in a lateral flow assay, obtaining consistent
results. With the demonstrated noise characteristics, further sensitivity improvements are expected with the advancement of camera
sensor technology.

1. INTRODUCTION
The ability to measure small-molecule binding kinetics is a
critical issue in pharmacology research. In 2019, the Federal
Drug Administration (FDA) approved 48 new drugs, 73% of
which belong to the category of small molecules, defined as an
ensemble of the chemical compounds with a molecular weight
(MW) below 1 kDa.1,2 On the same level, most of the
microfungi-produced toxins that are commonly known to
affect many varieties of crops also fit this description, which
makes small-molecule detection ability of utmost importance
in the food industry as well. Since the most established drug
and toxin detection methods are antibody-based, both in point
of care systems and in industry, characterization of the affinity
of the small molecules to monoclonal antibodies is crucial to
determine the best capture probe for the unambiguous
screening of complex specimens, like bodily fluids or food
samples.
The low molecular weight that characterizes these

compounds facilitates access to the cell through the cellular
membrane, where an effect (either beneficial for medicines or
harmful for toxins) can be produced. However, while the small
size of these molecules benefits function, it also makes
detection difficult. In label-free sensing, molecular binding,
especially for small-molecular weight (MW) analytes, generates

a very small optical response. Labeling small molecules with
either a fluorescent tag3,4 or a metallic nanoparticle5,6 makes
them easier to detect. However, most of these techniques lack
kinetic capabilities. Moreover, efficient labeling of such small
compounds is an invasive process that can cause changes in the
molecule í s functionality, especially if the tag is much larger in
size.7

Label-free techniques are, therefore, preferred when it comes
to evaluating the kinetic behavior of drugs, toxins, and small
analytes in general, against specific capture probes. Among
these methods, surface plasmon resonance (SPR) is one of the
most widely employed.8 SPR achieves a good sensitivity, for
both small and large molecules.9 However, SPR measurements
can be challenging, due to environmental factors that inevitably
increase the noise of the measurements, such as the change in
the refractive index of the solution, caused by solvents,
temperature changes, or pH variations. Moreover, traditional
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ABSTRACT: Optical technologies for label-free detection are an attractive solution for
monitoring molecular binding kinetics; however, these techniques measure the changes in
the refractive index, making it difficult to distinguish surface binding from a change in the
refractive index of the analyte solution in the proximity of the sensor surface. The solution
refractive index changes, due to solvents, temperature changes, or pH variations, can create
an unwanted background signal known as the bulk effect. Technologies such as biolayer
interferometry and surface plasmon resonance offer no bulk-effect compensation, or they
alternatively offer a reference channel to correct in postprocessing. Here, we present a
virtually bulk-effect-free method, without a reference channel or any computational
correction, for measuring kinetic binding using the interferometric reflectance imaging
sensor (IRIS), an optical label-free biomolecular interaction analysis tool. Dynamic
spectral illumination engineering, through tailored LED contributions, is combined with
the IRIS technology to minimize the bulk effect, with the potential to enable kinetic
measurements of a broader range of analytes. We demonstrate that the deviation in the
reflectivity signal is reduced to ∼8 × 10−6 for a solution change from phosphate-buffered saline (PBS) (n = 1.335) to 1% dimethyl
sulfoxide (DMSO) in PBS (n = 1.336). As a proof of concept, we applied the method to a biotin−streptavidin interaction, where
biotin (MW = 244.3 Da) was dissolved at a final concentration of 1 μM in a 1% solution of DMSO in PBS and flowed over
immobilized streptavidin. Clear binding results were obtained without a reference channel or any computational correction.

■ INTRODUCTION
Label-free optical biosensors are an attractive solution for
biomolecular analysis, offering highly sensitive, multiplexed,
and real-time affinity measurements. However, in optical
sensing, the signal is dependent on the optical refractive index
change caused by the presence of the molecule and scales with
the size of the molecule; therefore, low-signal and high-signal
noise can make it difficult to characterize the binding of small-
molecular-weight targets. Small molecules, organic molecules
with a molecular weight of less than 1 kDa, and measurements
of their affinity are of growing interest to the diagnostic and
pharmaceutical industries.1,2 Amino acids, nucleotides, sugars,
and many therapeutics fall into the category of small
molecules; therefore, sensitive small-molecule affinity measure-
ments are crucial to drug and diagnostic development.3 The
major technical challenge limiting optical label-free kinetic
measurements and small-molecule detection is the bulk effect.
Differences in composition or temperature and, therefore,
refractive index of the analyte solution generate a background
signal, referred to as the bulk effect that can make it difficult to
discriminate surface binding.4 If the bulk effect can be
eliminated, kinetic measurements could be performed in any
index solution, increasing the ease and flexibility of
experimentation and allowing for accurate small-molecule
measurements. Dimethyl sulfoxide (DMSO) is often added to
solutions to increase the solubility of DNA or other molecules

and is a typical contributor to the bulk effect.5 Commonly, 1−
3% DMSO is used to ensure the solubility of small organic
compounds.6 Adding a small amount of DMSO, which has a
refractive index of 1.479, results in a solution refractive index
change from 1.335 for 1× phosphate-buffered saline (PBS) to
1.336 for a 1% solution of DMSO in 1× PBS at room
temperature. The refractive indices of some commonly used
solutions can be found in Table 1 measured with a Rudolph
Research J257 automatic refractometer.
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Table 1. Refractive Indices of Commonly Used Solutions

solution refractive index

H2O 1.333
PBS 1.335
1% DMSO 1.336
5% DMSO 1.341
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