e Accurate binding kinetics of antibodies, proteins and nucleic acids.
| : ¢ Quantify specific and unspecific binding, solution index variations,

simultaneously, with one measurement.

*Measure long disassociation rates (k-

Check i

Label-free and dynamic detection of biomolecular
interactions for high-throughput
microarray applications

Emre O&zkumur*, James W. Needham?, David A. Bergstein*, Rodrigo Gonzalez*, Mario Cabodi$, Jonathan M. Gershoni™,
Bennett B. Goldberg*'l, and M. Selim Unlij*tlx*

Departments of *Electrical and Computer Engineering, 'Biomedical Engineering, and IPhysics and $Center for Nanoscience and Nanobiotechnology, Boston
University, Boston, MA 02215; *Department of Physics and Astronomy, University of California, Los Angeles CA 90095; and TDepartment of Cell Research
and Immunology, Tel Aviv University, Tel Aviv 69978, Israel

Edited by Charles R. Cantor, Sequenom Inc, San Diego, CA, and approved March 21, 2008 {received for review December 4, 2007)

Direct monitoring of primary molecular-binding interactions with-  gram per square millimeler sensitivity, real-time kinetics, and
out the need for secondary reactants would markedly simplify and  the binding of multiple analytes to immobilized probe mole-
expand applications of high-throughput label-free detection meth-  cules—all in a simple platform amenable to high-throughput
ods. A simple interferometric technique is presented that monitors
the optical phase difference resulting from accumulated biomo-
lecular mass. As an example, 50 spots for each of four proteins Biosensors and Bioelectronics 201
consisting of BSA, human serum albumin, rabbit IgG, and protein |
G were dynamically monitored as they captured corresponding
antibodies. Dynamic measurements were made at 26 pg/mm? SD

per spot and with a detectable concentration of 19 ng/ml. The
presented method is particularly relevant for protein microarray
analysis because it is label-free, simple, sensitive, and easily scales

to high-throughput.
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Sensitive and real-time detection of IgG using interferometric reflecting £
imaging sensor system
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ABSTRACT
a...;&g-,-};'\g -I.ih (_nf Ak dition .'“d;-nn;nn .‘“'-l- il ive research studies have

focused on the development of new sensors to offer label-free, highly sensitive, real-time, low-cost, and rapid
detection for biomolecular interactions. In this study, we demonstrate immunoglobulin G (13G) detection in
aqueous solutions by using res me and label-free kinetic nts of the Interfs ric Reflectance
Imaging Sensor (IRIS) system. By performing kinetic characterization experiments, the sensor’s performance is
ly evaluated and a high correlation coefficient value (>0.94) is obtained in the 1gG concentration
range of 1-50 pg/mlL with a low detection limit {025 pg/milL or 1.67 nM). Moreover, the highly sensitive imaging
system ensures accurate quantification and reliable validation of recorded binding events, offering new per-
spectives in terms of direct biomarker detection for clinical applications.
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Abstract: Anthrax lethal factor (LF) is one of the enzymatic components of the anthrax toxin respon- 0 500 1000 500 2000 2500 3000 3500
sible for the pathogenic responses of the anthrax disease. The ability to screen multiplexed ligands —
against LF and subsequently estimate the effective kinetic rates (ky, and k,¢¢) and complementary
binding behavior provides critical information useful in diagnostic and therapeutic develoy for Published Values 1:1 Fit s -
i : ¥ 7 . IRIS Kinetic Parameters 1:1 Fit
anthrax. Tools such as biolayer interferometry (BLI) and surface plasmon resonance imaging (SPRi) (Vrentas et al., 2016)
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antibody affinity E s obtained by the interfs ic reflectance imaging sensor (IRIS),
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overcomes many of the limitations of other multiplexed methods. We compare the multiplexed d i il -l 'u() @ 15 uo 2 z 011) 06
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Citation: Mam, A.M.: Needham, | (SPR), which showed consistent results, as well as kinetic information previously unattainable with MG «10° <10~ x10~1 <10° x10~6 x10~1
Chiodi, E;; Unts, MS. Mubtiplexed, SFPR. Additional exemplary data demonstrating multiplexed binding and the corresponding com-
High-Sensitivity M of P v binding to seq lly injected ligands provides an additional layer of information
Antibody Affinity Using immediately useful to the researcher.
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£ Abstract: The field of bi ing is in tant evolution, propelled by the need for sensitive, reliable
£ &‘ 2 * V platforms that provide consistent results, especially in the drug development industry, where small

? \ / !! molecule characterization is of uttermost relevance. Kinetic characterization of small biochemicals

is particularly challenging, and has ired sensor developers to find solutions to compensate

‘ l for the lack of sensitivity of their instruments. In this regard, surface chemistry plays a erucial
role. The ligands need to be efficiently immobilized on the sensor surface, and probe distribution,
maintenance of their native structure and efficient diffusion of the analyte to the surface need to
‘( Antibody probe === Gold |ayel’ be optimized. In order to enhance the signal generated by low molecular weight targets, surface

3 : . E il I plasmon resonance sensors utilize a high density of probes on the surface by employing a thick
Thin polymeric matrix === Epoxysilane layer dextran matrix, resulting in a three-dimensional, multilayer distribution of molecules. Despite

S' Dextran matrix

increasing the binding signal, this method can generate artifacts, due to the diffusion dependence
of surface binding, affecting the accuracy of measured affinity constants. On the other hand, when

Bakhshpour, M. Lortlar Unla, N.: working with planar surface chemistries, an incredibly high sensitivity is required for low molecular
Unli, M5, The Effects of weight analytes, and furthermore the standard method for immobilizing single layers of molecules
Three-Dimensional Ligand based on self: bled monol (SAM) of epoxysilane has been d d torp
Immobilization on Kinctic protein denaturation, thus being far from ideal. Here, we will give a concise overview of the impact
Measurements in Biosensors. of tridimensional immebilization of ligands on label-free biosensors, mostly focusing on the effect
Palymers 2022, 14, 241. hitps:/ / of diffusion on binding affinity c We will ¢ on how multilayering
doliong/ 103390/ polym14020241 of probes is certainly useful in terms of increasing the sensitivity of the sensor, but can cause steric
Academic Editoe: Iek-Soo Kim hindrance, mass transport and other diffusion effects. On the other hand, probe monodayers on
) epoxysilane chemistries do not undergo diffusion effect but rather other artifacts can occur due to
Received: 15 November 2021 i + . T i i < :
probe d . Finally, a combination of trid | polymeric chemistry and probe monolayer

Accepted: 4 January 2022

Published: 7 January 2022 is presented and reviewed, showing advantages and disadvantages over the other two approaches.

Simultaneous evaluation of multiple
microarray surface chemistries through = —
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Ch ia ri Abstract

Surface chemistry is a crucial aspect for microarray modality biosensor development. The immobilization capability of the function-
Analytical and Bioanalytical alized surface is indeed a limiting factor for the final yield of the binding reaction. In this work, we were able to simultaneously compare
Chemistry the functionality of protein ligands that were locally immobilized on different polymers, while on the same solid support, therefore
demonstrating a new way of multiplexing. Our goal was to investigate, in a single experiment, both the immobilization efficiency of a
group of reactive polymers and the resulting affinity of the tethered molecules. This idea was demonstrated by spotting many reactive
Anal Bioanal Chem polymers on a S/SiO; chip and depositing the molecular probes on the spots immediately after. As a proof of concept, we focused on
SRR IERTET | hich polymers would better immobilize a model protein (x-Lactalbumin) and a peptide (LAC-1). We successfully showed that this
protocol is applicable to proteins and peptides with a good efficiency. By means of real-time binding measurements performed with the
interferometric reflectance imaging sensor (IRIS), local functionalization proved to be comparable to the classical flat coating solution.
The final outcome highlights the multiplexing power of this method: first, it allows to characterize dozens of polymers at once.
Secondly, it removes the limitation, related to coated surfaces, that only molecules with the same functional groups can be tethered
to the same solid support. By applying this protocol. many types of molecules can be studied simultancously and immobilization for
cach probe can be individually optimized.
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