





Homogeneous, Mass-Independent
and Label-Free Binding Assays

Interaction measurements can be per-
formed with BSI by either real-time ki-
netics with on-chip mixing [4] or by off-
line mixing with equilibrium end-point
determination of Kp. Here we show that
pre-mixing, end-point BSI determinations
can facilitate accurate Ky determinations
providing crucial biophysical information
such as the quantification of the affinity
of a binding pair. Sample preparation for
the binding curve is straight forward and
entails combining the ligand or control
(non-binding ligand) at successively in-
creasing concentrations with the recep-
tor off-line.This process is normally done
in using small volume pipettes and micro-
centrifuge tubes. Once combined, the
samples are allowed to equilibrate prior
to introduction into the BSI instrument.
Figure 2 presents an example of a homo-
geneous binding assay result. In panel A,
the binding of Ca?" ions to calmodulin, a
ubiquitous and widely studied protein, is
quantified. This data shows the unique
capability of BSI to detect, independent
of the mass of the reacting species, con-
formational changes of a protein induced
by the binding of an ion. Next, the CaM-
Ca complex is reacted with a small mol-
ecule inhibitor, trifluoperazine dihydro-
chloride (TFP), with BSI yielding a binding
affinity of Kp = 0.81 +/—0.14 pM. In both
the CaM-Ca?* and CaM-Ca —TFP binding
experiment, the control is the titrant
added to the receptor under conditions
(in the absence of Ca?* by adding an ex-
cess of EDTA) where CaM will not bind.

Pharmaceutical Drug Target —
Small Molecular Weight Binding

The major advantages of BSI over other
label-free biosensors include its ability to
detect small molecule drug lead binding
to large proteins in a homogeneous,
mass-independent manner and that only
picomole to nanomole quantities of tar-
get protein. Figure 3 shows a binding
curve of a pharmaceutical drug target, a
protein with molecular weight >150kDa,
binding to an inhibitor lead compound.
The equilibrium Ky is measured to be 13
nM by BSI using only 500 picograms of
protein for triplicate determinations.
Here the bulk RI signal generated by the
ligand (inhibitor) in the absence of bind-
ing is used to normalize the binding affin-
ity. This interaction system was not de-
tectable by SPR and required 1,000 times
more protein for ITC analysis.

Fig. |: Experimental setup for BSI. Molecular interaction assay samples are introduced within a
temperature controlled microfluidic chip. Coherent light from a He-Ne laser is directed to-
wards the microchip fluidic channel, which functions to create the fringe pattern characteristic
of BSL.The BSI fringe pattern is directed to a CCD array.An image is extracted and the posi-
tional shift of these fringes is monitored to provide binding signal.

Other Drug Discovery Applications

BSI has been successfully applied to a
number of other pharmaceutical drug
discovery related problems including
correlation of lead — target binding Kd’s
to cell based assay results; measurement
of hormone-antibody binding in 100%
serum; assessment of promiscuous bind-
ing; systematic comparisons of deter-
mined Kd’s for BSI with SPR and ITG; li-
gand binding to membrane fractions; and
quantitative assays of Ab-Ag interactions

(Unpublished data MSI, Montara CA and
The Bornhop Research Group, Vander-
bilt University).

Tethered Molecular Interaction
Assays with BSI

In the past we have demonstrated the
utility of BSI for tethered, heterogeneous
assays [5, 6], one showing reversible Pro-
tein-A — IgG interactions studies and the
other illustrating the detection of DNA
hybridization.Very recently, extravidin-bi-
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Fig. 2: End-point assay of A) CaM-Ca?* ion binding and B) CaM-Ca?* complex interacting with
the small molecule inhibitor trifluoperazine dihydrochloride (TFP).
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Fig. 3: BSI quantifies the affinity for a large protein
(>150 kDa) binding to small molecule inhibitor
(<500 Da), in free-solution and label-free.

Fig. 4:A heterogeneous binding assay by
BSI: Monosaccharide interaction with
Concanavalin A which is tethered to the
surface.
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otinylated surface chemistry was used to
study small molecule (monosaccharide)
— concanavalin A interactions and to
quantify multimeric binding or polyva-
lency with sugar coated dendrimer or vi-
ral particles [7]. Relevant to drug screen-
ing figure 4 shows the binding curve for
the capture of mannose by Con-A. Ga-
lactose serves as the non-binding con-
trol. This study is particularly important
because it demonstrates that BSI is truly
powerful and unique allowing quantifica-
tion of a binding event for just one part
in 1,000 change in mass, allowing the pro-
tein to be tethered and the small mole-
cule to be titrated.

Summary

BSI is a novel interferometric technology
for measuring mass-independent molec-
ular interactions allowing quantification
of binding affinity over a large dynamic
range in Kp, in a homogeneous or heter-
ogeneous assay format, and requiring
just picograms to nanograms of the pro-
tein target. Unique to BSI, small mole-
cule inhibitors and even ions inter-
acting with high molecular weight
proteins can be studied with little a priori
information about the interaction sys-
tem. It is our belief that BSI shows great
promise in the study of molecular inter-
actions in drug discovery, particularly for
small molecule and fragment-based
screening.
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