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Direct monitoring of primary molecular-binding interactions with-
out the need for secondary reactants would markedly simplify and
expand applications of high-throughput label-free detection meth-
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
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/mm2 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.

dynamic monitoring " optical biosensor " protein microarray "
immunoassay " interference

Detecting biomolecular interactions is fundamental to our
understanding of both cell physiology and disease progres-

sion. Antigen–antibody, receptor–ligand, virus–cell and protein–
DNA binding interactions are monitored and quantified in
biological and medical research by long established and exten-
sively used solid-phase immunoassays such as enzyme-linked
immunosorbent assays (ELISA) (1) and Western blotting (2).
These techniques typically employ secondary probes that bind to
captured analytes that are in turn detected with either fluores-
cent or enzyme-linked reagents, thereby converting the presence
of target biomolecules to a measurable signal. Yet, the detection
of analytes through secondary probes is intrinsically complex,
requiring multiple layers of interacting components that provide
specificity without interfering with one another. Monitoring the
primary bimolecular interaction (i.e., binding of analyte to its
cognate probe) would greatly simplify many immunoassays.
Thus, label-free measurement of binding events is a potentially
powerful tool, simpler and more efficient than secondary probe-
based systems (3). Label-free detection has been demonstrated
by using electrical, electromechanical, and optical detection
methods (4). Especially notable is surface plasmon resonance
(SPR), which has been the basis for such commercial biosensors
as the Biacore instruments (GE Healthcare Life Sciences). SPR
allows real-time, sensitive monitoring of an analyte binding to
probes immobilized on a gold substrate. Although SPR has been
the standard for label-free detection for single analytes, exten-
sion to large-format arrays has achieved limited success (5, 6).
The importance of high-throughput platforms has been demon-
strated by the success of gene arrays in the analysis of nucleic
acids (7, 8). This success has further provided impetus for the
proposal that protein–peptide arrays could achieve similar utility
for the analysis of multiple binding events (9, 10).

In this article, we describe a label-free sensing technique based
on the optical phase difference due to the accumulation of
biological material on solid substrates. We demonstrate pico-

gram per square millimeter sensitivity, real-time kinetics, and
the binding of multiple analytes to immobilized probe mole-
cules—all in a simple platform amenable to high-throughput
screening.

Results
Detection Principle. Interferometric measurements can provide
enormous sensitivity and resolution of optical path length dif-
ferences (OPD), with the best current systems achieving
!10"10rad resolution (11). The basic working principle of our
platform, the spectral reflectance imaging biosensor (SRIB), is
the use of spectroscopy to quantify the interference signature of
light reflected from a layered structure that allows the accurate
measurement of the optical thickness of a designated transparent
film (Fig. 1a). The layered substrate is a silicon wafer with a top
layer of thermally grown silicon dioxide (SiO2) used as the solid
support for biomolecular probes. The transparent film consists
of the SiO2 layer and any additional material on its top surface.
The magnitude of the total reflected light at a specific wave-
length will depend on the OPD between the top surface of the
transparent film and the buried reference surface at the SiO2–Si
interface. Any binding on the top surface increases the OPD
(oxide thickness plus biomolecule layer), manifests as a charac-
teristic shift of the spectral reflectivity, and is also visible as an
intensity difference at a specific wavelength (Fig. 1b and Inset).

The optical characteristics of layered dielectrics are well
understood, and we use conventional formulations (12) to
extract the OPD from recorded spectral reflectivity data (see
Methods). A thin protein layer causes a phase retardation of
optical waves propagating in the direction perpendicular to the
surface that is the product of refractive index and film thickness,
assuming a uniform film. Experimental interpretations of the
OPD for partial coverage have included both a constant refrac-
tive index accompanied by a change in thickness (13) or a
constant thickness accompanied by a change in refractive index
(14). These interpretations represent the two extreme approxi-
mations in modeling the OPD and would result in dramatic
differences in case of label-free biosensors where an evanescent
field interacts with surface-bound molecules such as in SPR.
Because our fields near the surface are slowly varying, the
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