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Introduction
Small molecules are chemical compounds with a molecular 
weight (MW) of less than 1 kDa. Many therapeutics and 
toxins fall in the category of small molecules, and 
therefore, the ability to measure small-molecule binding 
kinetics is of critical importance in pharmaceutical, 
diagnostic, and food industries. 

A small molecule can specifically bind to a biological 
molecule and alter its activity or function. Small molecules 
targeting a specific protein function or protein-protein 
interaction can serve as drug candidates. Here, we 
demonstrate the application of iRiS to small molecule 
binding characterization using a small compound (~300 
Da) against the receptor-binding domain (RBD) of SARS-
CoV-2 spike protein. RBD (~25 kDa) binds to the human 
angiotensin-converting enzyme 2 (ACE2) receptor as a 
mechanism for the virus to enter the cells and cause 
infection (Fig. 1). Small molecules inhibiting RBD-ACE2 
interaction would block virus entry, thus can be developed 
as potential antiviral drugs.

Currently, surface plasmon resonance (SPR) is the most 
widely used technique for label-free affinity measurements. 
The major challenge of SPR is the refractive index changes 
caused by the solvents, such as DMSO, which is observed 
as a bulk-effect in the measurements. Moreover, SPR is 
sensitive to temperature and pH changes, affecting the 
accuracy of the measurements.  

The MX-104 utilizes a robust and sensitive interferometric 
reflectance imaging sensor (iRiS) with noise reduction 
algorithms and demonstrates a sensitivity of ~1 pg/mm2. 
Unlike SPR, MX-104 is not vulnerable to bulk effects and 
can be highly multiplexed. 

Methods 
The binding kinetics of an RBD-specific small compound, 
K16, were studied using the iRiS MX-104 instrument. 
Prior to spotting, the surface of the iRiS chips was coated 
with an N,N-dimethylacrylamide (DMA) based polymer, 
commercially known as MCP-2 (Lucidant Polymers). 
Sensor surface is prepared by printing streptavidin (SA) 
spots on the microarray chip. Spot printing was performed 
with an M2-Automation iTWO-300 high precision 
microarray-dispensing instrument.  

Bulk!e"ect characterization and elimination

We developed a technique to measure and quantify the 
bulk-effect stemming from buffer changes, and 
subsequently eliminate this effect to obtain accurate 
binding kinetics data [2]. First, different buffers are 
prepared around the DMSO concentration of the assay 
buffer. Assay buffer used in this experiment contained 2% 
DMSO. Therefore, two other buffers were prepared with 
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Figure 1: Schematic of SARS-CoV-2 spike protein. Adapted 
from [1].
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1.7 and 2.3% DMSO concentration. Assay buffer, analyte 
solution, 1.7 and 2.3% DMSO buffers were flowed 
sequentially over the iRiS chip. Refractive index changes 
between these solutions were measured under red light. 
Once the difference between the analyte and buffer solution 
is calculated, necessary adjustments are made to the assay 
buffer using the lower or higher DMSO concentration 
buffers.  

Small molecule binding assay on iRiS

First, the biotinylated wild-type RBD protein is flowed 
over the chip (at 5 ug/mL for 8 min) to immobilize the 
RBD protein on the SA spots. Following a wash step with 
1x PBS assay buffer (with 2% DMSO, pH 7.4), a 25 uM 
solution of K16 in 1x PBS with 2% DMSO was flowed for 
4 min at a rate of 200 ul/min. Next, the chip was flowed 
with the assay buffer for 4 min at 200 ul/min for the 
dissociation step. The chip was continuously imaged over 
that time and the observed spot intensity for SA spots 
acquired simultaneously. The same protocol was followed 
for 50, 100, and 400 uM solutions of K16.  

Results 
The graph below shows the binding curves for different 
concentrations of K16 compound for binding to wild-type 
RBD of SARS-CoV-2 spike protein.

! Bulk-effect free measurements: iRiS technology can 
quantify bulk-effect resulting from buffer composition
changes by measuring the refractive index of various 
solutions used in a given experiment. Any bulk-effect 
is then effectively eliminated, resulting in accurate 
quantification of small molecule binding kinetics. 

! Multiplexing capability: iRiS can provide 
multiplexed measurements on the same chip, offering 
a significant advantage over SPR’s single-ligand 
immobilized chips [3]. For example, RBDs from 
different variants of the SARS-CoV-2 can be analyzed 
for small molecule binding characteristics in a single 
experiment using direct immobilization of RBDs. 

! One-chip-for-all: One type of iRiS chip can be used 
for analyzing different molecular weight compounds, 
ranging from small molecules to large molecules, 
eliminating the need for chip selection process as in 
SPR. 
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Figure 2: Raw iRiS data showing the binding characteristics of 
K16 compound for wild-type RBD.

Figure 3: Dose-response curve for K16 compound.
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