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7) ABSTRACT

A method for determining interaction of an analyte with a
binding agent immobilized to a solid support surface by
contacting the surface with a fluid sample containing the
analyte, and detecting binding events at the solid support
surface, wherein the sample is based on a complex medium
containing at least one species other than analyte that may
interact with the solid support surface, is disclosed. The
method comprises contacting the solid support surface with
sample medium free from analyte prior to contacting the
surface with the analyte-containing sample.
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METHOD FOR DETECTING MOLECULAR
SURFACE INTERACTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Provisional Patent Application No. 60/582,
743 filed Jun. 24, 2004, and also claims priority to Swedish
Application No. 0401633-3 filed Jun. 24, 2004; both of these
applications are incorporated herein by reference in their
entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to the detection of
molecular interactions at a solid support surface, and more
particularly to a method of determining interactions between
an analyte present in a sample based on a complex medium,
such as a body fluid, and an immobilized binder for the
analyte.

[0004] 2. Description of the Related Art

[0005] A variety of analytical techniques are used to
characterize interactions between molecules, particularly in
the context of assays directed to the detection and interaction
of biomolecules. For example, antibody-antigen interactions
are of fundamental importance in many fields, including
biology, immunology and pharmacology. In this context,
many analytical techniques involve binding of a “ligand”,
such as an antibody, to a solid support, followed by con-
tacting the ligand with an “analyte”, such as an antigen.
Following contact of the ligand and analyte, some charac-
teristic is measured which is indicative of the interaction,
such as the ability of the ligand to bind the analyte. It is often
desired that after measurement of the interaction, it should
be possible to dissociate the ligand-analyte pair in order to
“regenerate” free ligand, thereby enabling reuse of the
ligand surface for a further analytical measurement.

[0006] Analytical sensor systems that can monitor such
molecular interactions in real time are gaining increasing
interest. These systems are often based on optical biosensors
and usually referred to as interaction analysis sensors or
biospecific interaction analysis sensors. A representative
such biosensor system is the Biacore® instrumentation sold
by Biacore AB (Uppsala, Sweden), which uses surface
plasmon resonance (SPR) for detecting interactions between
molecules in a sample and molecular structures immobilized
on a sensing surface. With the Biacore® systems it is
possible to determine in real time without the use of labeling
not only the presence and concentration of a particular
molecule in a sample, but also additional interaction param-
eters such as, for instance, the association rate and disso-
ciation rate constants for the molecular interaction.

[0007] However, when the analyte is present in a complex
medium, such as, e.g., blood plasma, the measurements will
usually be severely disturbed by species other than the
analyte that are present in the plasma and interact with the
solid phase surface, giving rise to non-specific binding. This
leads to measurement results that are usually difficult to
interpret, especially for low molecular weight analytes.

[0008] Itis an object of the present invention to overcome
the above-mentioned problem in detecting interactions of an
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analyte with a solid phase surface when the analyte is
present in a complex medium.

BRIEF SUMMARY OF THE INVENTION

[0009] The above and other objects and advantages are
provided by a novel method for determining interaction
between an analyte with a binding agent, or ligand, immo-
bilized to a solid support surface where the analyte is present
in a complex medium containing one or more species that
may also interact with the solid support surface. According
to the present invention, the influence of non-specific bind-
ing at the solid support surface on the determination result
may be at least substantially reduced if the monitored solid
support surface is first contacted with the complex medium
free from analyte directly followed by the analyte-contain-
ing complex medium. Any non-specific binding of the
complex medium with the solid support will thereby at least
to a substantial degree take place before the surface is
contacted with the analyte-containing medium, and any
additional changes that are then detected at the surface may
therefore to a large extent be attributed to the binding of
analyte.

[0010] In one aspect, the present invention therefore pro-
vides a method for determining interaction of an analyte
with a binding agent immobilized to a solid support surface
by contacting the surface with a fluid sample containing the
analyte, and detecting binding events at the solid support
surface, wherein the sample is based on a complex medium
containing at least one species other than analyte that may
interact with the solid support surface, and wherein the
method comprises contacting the solid support surface with
sample medium free from analyte prior to contacting the
surface with the analyte-containing sample.

[0011] In another aspect, the present invention provides a
method for determining the plasma binding propensity of a
drug, which method comprises determining the binding of a
drug present (1) in a complex medium comprising blood
plasma, and (ii) in a non-complex medium, to an immobi-
lized binder for the drug, and comparing the binding of drug
in the blood plasma-comprising medium with the binding of
drug in the non-complex medium, wherein the determina-
tion of the binding of drug in the blood plasma-comprising
medium is performed according to the first method aspect
above.

[0012] In still another aspect, the present invention pro-
vides an analytical system for studying molecular interac-
tions, which comprises computer processing means includ-
ing program code means for performing the steps of the
methods.

[0013] In yet another aspect, the present invention pro-
vides a computer program product comprising program code
means stored on a computer readable medium or carried on
an electrical or optical signal for performing the steps of the
methods.

[0014] These and other aspects of the invention will be
evident upon reference to the accompanying drawings and
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic side view of a biosensor
system based on SPR.
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[0016] FIG. 2 is a sensorgram showing detector response
versus time for the interaction between an analyte and an
immobilized binder for the analyte.

[0017] FIG. 3 is an overlay plot of (i), in dashed line, a
sensorgram for the injection of saliva-containing buffer
embedded between injections of pure buffer, and

[0018] (ii), in solid line, a sensorgram for the sequential
injections of pure buffer.

[0019] FIG. 4 is an overlay plot of two sensorgrams, each
representing three sequential injections of saliva-containing
buffer.

[0020] FIG. 5 is an overlay plot of (i), in solid line, a
sensorgram for injection of iophenoxic acid in saliva-con-
taining buffer embedded between injections of saliva-con-
taining buffer, and (ii), in dashed line, a sensorgram for
corresponding injections of saliva-containing buffer.

[0021] FIG. 6 is an overlay plot of, in dashed lines, three
corrected sensorgrams obtained by subtracting sensorgrams
corresponding to sensorgram (ii) in FIG. 5 from sensor-
grams corresponding to sensorgram (i) in FIG. 5, and, in
solid lines, corresponding sensorgrams for injections of
iophenoxic acid in pure buffer.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] As mentioned above, the present invention relates
to a method of reducing or eliminating the influence of
non-specific binding by non-analyte components of a com-
plex sample medium in assays or studies involving the
detection of binding events at a solid support surface.
Surface binding interactions may be characterized using a
number of different interaction analysis techniques.
Recently, label-free biosensor technology has become a
powerful tool for such interaction analysis. Commercially
available biosensors include the above-mentioned Biacore®
system instruments, which are based on surface plasmon
resonance (SPR) and permit monitoring of surface interac-
tions in real time.

[0023] The phenomenon of SPR is well known, suffice it
to say that SPR arises when light is reflected under certain
conditions at the interface between two media of different
refractive indices, and the interface is coated by a metal film,
typically silver or gold. In the Biacore® instruments, the
media are the sample and the glass of a sensor chip that is
contacted with the sample by a microfluidic flow system.
The metal film is a thin layer of gold on the chip surface.
SPR causes a reduction in the intensity of the reflected light
at a specific angle of reflection. This angle of minimum
reflected light intensity varies with the refractive index close
to the surface on the side opposite from the reflected light,
in the Biacore® system the sample side.

[0024] A schematic illustration of the Biacore® system is
shown in FIG. 1. Sensor chip 1 has a gold film 2 supporting
capturing molecules (ligands) 3, e.g., antibodies, exposed to
a sample flow with analytes 4 (e.g., an antigen) through a
flow channel 5. Monochromatic p-polarised light 6 from a
light source 7 is coupled by a prism 8 to the glass/metal
interface 9 where the light is totally reflected. The intensity
of the reflected light beam 10 is detected by an optical
detection unit 11.
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[0025] When molecules in the sample bind to the captur-
ing molecules on the sensor chip surface, the concentration,
and therefore the refractive index at the surface changes and
an SPR response is detected. Plotting the response against
time during the course of an interaction will provide a
quantitative measure of the progress of the interaction. Such
a plot is usually called a sensorgram. In the Biacore®
system, the SPR response values are expressed in resonance
units (RU). One RU represents a change of 0.00001° in the
angle of minimum reflected light intensity, which for most
proteins is roughly equivalent to a change in concentration
of about 1 pg/mm? on the sensor surface. As sample con-
taining an analyte contacts the sensor surface, the capturing
molecule (ligand) bound to the sensor surface interacts with
the analyte in a step referred to as “association.” This step is
indicated on the sensorgram by an increase in RU as the
sample is initially brought into contact with the sensor
surface. Conversely, “dissociation” normally occurs when
sample flow is replaced by, for example, a buffer flow. This
step 1s indicated on the sensorgram by a drop in RU over
time as analyte dissociates from the surface-bound ligand.

[0026] A representative sensorgram (binding curve) for a
reversible interaction at the sensor chip surface is presented
in FIG. 2, the sensing surface having an immobilized
capturing molecule, for example an antibody, interacting
with analyte in a sample. The vertical axis (y-axis) indicates
the response (here in resonance units, RU) and the horizontal
axis (x-axis) indicates the time (here in seconds, s). Initially,
buffer is passed over the sensing surface giving the baseline
response A in the sensorgram. During sample injection, an
increase in signal is observed due to binding of the analyte.
This part B of the binding curve is usually referred to as the
“association phase”. Eventually, a steady state condition is
reached where the resonance signal plateaus at C. At the end
of sample injection, the sample is replaced with a continuous
flow of buffer and a decrease in signal reflects the dissocia-
tion, or release, of analyte from the surface. This part D of
the binding curve is usually referred to as the “dissociation
phase”. The shape of the association/dissociation curve
provides valuable information regarding the interaction
kinetics, and the height of the resonance signal represents
surface concentration (i.e., the response resulting from an
interaction is related to the change in mass concentration on
the surface).

[0027] Assume a reversible reaction (which is not mass
transfer limited) between an analyte A and a surface-bound
(immobilized) capturing molecule B (first order kinetics):

A+B<AB

[0028] The rate of change in surface concentration of A
during analyte injection is

dr

E = kass (Tmax = D)C = kgisel’

is the

max

where F is the concentration of bound analyte, T’
maximum binding capacity of the surface, k, is the asso-
ciation rate constant, k;.. is the dissociation rate constant,
and C is the bulk analyte concentration. Rearrangement of
the equation gives:
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dr—k cr assC + kaiss)T
ar " Nass max — (KassC + Ketiss)

If all concentrations are measured in the same units, the
equation may be rewritten as:

dR
% = kass CRuax = (kassC + kiss)R

where R is the response in RU. In integrated form, the
equation is:

R= kaSSCRmax

—(kassC+k i)
= (l-e (kassCrhgiss )
kassC + kgiss

[0029]

The rate of dissociation can be expressed as:

dR _ R
g - s

and in integrated form:
R=Rye kst

[0030] Affinity is expressed by the association constant
K, =k, /ka, or the dissociation constant Kp=k /K,

[0031] For a more detailed description of the determina-
tion of molecular interaction kinetics, it may be referred to,
for example, Karlsson, R. and Filt, A. (1997) Journal of
Immunological Methods, 200, 121-133.

[0032] Now, if the sample is a “complex medium” which
in addition to analyte contains one or more species that may
also interact with the sensor surface, it is readily seen that the
unspecific binding caused by the presence of such species
may seriously disturb the measurements at the surface and
give binding curves that are difficult to interpret, especially
if the analyte of interest is a low molecular weight com-
pound (usually referring to organic compounds having a
molecular weight in the range of from about 100 to about
1000, typically from about 500 to about 800, sometimes also
referred to as “small molecules™).

[0033] According to the present invention, it has now been
found that binding of even a low molecular weight molecule
to an immobilized binder for the analyte on a sensor surface
may be successfully measured when the analyte is present in
a complex medium, if the sensor surface is contacted with
complex sample medium free from analyte prior to contact-
ing the surface with the analyte-containing sample medium.
By proceeding in this way, non-specific binding to the sensor
surface will primarily take place when the surface is con-
tacted with the analyte-free complex medium. When the
sample is then brought in contact with the sensor surface, the
non-specific binding process has been at least substantially
reduced, and the sample measurement will be disturbed to at
least a much lesser extent, as will be demonstrated in the
Example below.
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[0034] Preferably, the sensor surface is again contacted
with the analyte-free complex medium after the contact with
the analyte-containing sample medium to permit dissocia-
tion of analyte from the immobilized analyte binder to take
place in the same environment as the association to the
binder. Thus, with reference to the above described Bia-
core® instrument, the liquid injection sequence of the inven-
tion would be <analyte-free sample mediums>, <analyte-
containing sample medium>, <analyte-free sample
medium> in contrast to the prior art procedure of <buffers,
<analyte-containing sample medium>, <buffer>.

[0035] The complex medium upon which the sample is
based may be selected from numerous such media contain-
ing one or more analytes of interest. Exemplary complex
media include body fluids, such as cerebrospinal fluid,
saliva, breast milk, urine, bile, blood serum or plasma, tears,
homogenized biopsies, as well as other complex media such
as cell culture media, cell lysates, crude plant extracts,
extracted or dissolved food stuffs, liquid food stuffs, such as
beverages (milk, fruit juices, beer etc).

[0036] Depending on the particular complex medium to be
analyzed, the tested sample may be the original sample as
taken or a dilution thereof with a suitable diluent. Generally,
the complex medium content of the sample may range from
about 1 to about 100% (v/v), usually from about 10 to about
100% (v/v), especially from about 30 to about 100% (v/v),
for example from about 30 to about 50% (v/v).

[0037] When the complex sample medium, for example, is
based on human blood plasma or serum, the analyte-con-
taining medium may be based on plasma or serum taken
from a patient after administration of a drug, and the
analyte-free complex medium may then be based on plasma
or serum taken from the same patient before the drug
administration.

[0038] The method of the present invention may thus be
used to determine kinetic and affinity constants for molecu-
lar interactions between an analyte in a complex medium
and an immobilized binder for the analyte, including asso-
clation constants, dissociation constants, association rate
constants, and dissociation rate constants. The method of the
present invention may, of course, also be used to determine
the concentration of one or more analytes in a complex
medium. Apart from contacting the binder-supporting sur-
face with analyte-free complex medium prior to, and option-
ally after, contacting the surface with the analyte-containing
complex medium, the determinations of kinetic and affinity
constants as well as analyte concentration may be performed
in per se known manner.

[0039] In a variant of the present invention, the method is
used to compare the plasma binding propensity (such as,
e.g., affinity) of various drugs. More particularly, the binding
of a drug to an immobilized receptor is determined, espe-
cially in the form of binding curves as described above, by
contacting a surface having immobilized receptor with (i)
drug dissolved in buffer, and (ii) drug dissolved in buffer
with addition of blood plasma, and the binding levels, or
preferably, the binding curves are then compared. If a drug
binds to plasma, the resulting binding to the immobilized
receptor in the presence of blood plasma would be substan-
tially reduced as compared to the drug when present in
buffer only. Measurements at a single drug concentration
may often be sufficient.
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[0040] While the description above has been made with
some respect to the Biacore® systems, it is understood that
the invention may be used in connection with numerous
other techniques for detecting binding interactions at the
solid support surface, including, e.g., those relying on a
label, such as a radiolabel, a chromophore, a fluorophore, a
marker for scattering light, an electrochemically active
marker (e.g., field effect transistor based potentiometry), an
electric field active marker (electro-stimulated emission), a
magnetically active marker, a thermoactive marker, a chemi-
luminescent moiety or a transition metal, as well as so-called
label free detection systems. Real time detection systems
are, however, preferred, especially those based on chemical
sensor or biosensor technology.

[0041] Abiosensor is broadly defined as a device that uses
a component for molecular recognition (for example a layer
with immobilised antibodies) in either direct conjunction
with a solid state physicochemical transducer, or with a
mobile carrier bead/particle being in conjunction with the
transducer. While such sensors are typically based on label-
free techniques, detecting, e.g., a change in mass, refractive
index, or thickness for the immobilized layer, there are also
sensors relying on some kind of labelling. Typical sensor
detection techniques include, but are not limited to, mass
detection methods, such as optical, thermo-optical and
piezoelectric or acoustic wave (including, e.g., surface
acoustic wave (SAW) and quartz crystal microbalance
(QCM)) methods, and electrochemical methods, such as
potentiometric, conductometric, amperometric and capaci-
tance/impedance methods. With regard to optical detection
methods, representative methods include those that detect
mass surface concentration, such as reflection-optical meth-
ods, including both external and internal reflection methods,
which may be angle, wavelength, polarization, or phase
resolved, for example evanescent wave ellipsometry and
evanescent wave spectroscopy (EWS, or Internal Reflection
Spectroscopy), both of which may include evanescent field
enhancement via surface plasmon resonance (SPR), Brew-
ster angle refractometry, critical angle refractometry, frus-
trated total reflection (FTR), scattered total internal reflec-
tion (STIR) which may include scatter enhancing labels,
optical wave guide sensors; external reflection imaging,
evanescent wave-based imaging such as critical angle
resolved imaging, Brewster angle resolved imaging, SPR-
angle resolved imaging, and the like. Further, photometric
and imaging/microscopy methods, “per se” or combined
with reflection methods, based on for example surface
enhanced Raman spectroscopy (SERS), surface enhanced
resonance Raman spectroscopy (SERRS), evanescent wave
fluorescence (TIRF) and phosphorescence may be men-
tioned, as well as waveguide interferometers, waveguide
leaky mode spectroscopy, reflective interference spectros-
copy (RIfS), transmission interferometry, holographic spec-
troscopy, and atomic force microscopy (AFR).

[0042] Commercially available today are inter alia bio-
sensor systems based on SPR. Exemplary such SPR-biosen-
sors include the above-mentioned Biacore® instruments. A
detailed discussion of the technical aspects of the Biacore®
instruments and the phenomenon of SPR may be found in
U.S. Pat. No. 5,313,264, More detailed information on
matrix coatings for biosensor sensing surfaces is given in,
for example, U.S. Pat. Nos. 5,242,828 and 5,436,161. In
addition, a detailed discussion of the technical aspects of the
biosensor chips used in connection with the Biacore®
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instruments may be found in U.S. Pat. No. 5,492,840. The
full disclosures of the above-mentioned U.S. patents are
incorporated by reference herein.

[0043] It may many times be convenient to carry out the
method of the invention in a flow cell, e.g., of the type used
in the above-mentioned Biacore® instruments. Other flow
cells that may be used in the present invention are also well
known to the skilled person and need not be described
herein.

[0044] Tt is to be noted that the term “solid support™ as
used herein is to be interpreted broadly and is meant to
comprise any solid (flexible or rigid) substrate onto which
one or more binding agents can be immobilized and molecu-
lar interactions therewith be detected by the particular
detection system chosen. The substrate may be biological,
non-biological, organic, inorganic or a combination thereof,
and may be in the form of particles, strands, precipitates,
gels, sheets, tubings, spheres, containers, capillaries, pads,
slices, films, plates, slides, etc, having any convenient shape,
including disc, sphere, circle, etc. The substrate surface may
have any two-dimensional configuration and may include,
for example steps, ridges, kinks, terraces and the like and
may be the surface of a layer of material different from that
of the rest of the substrate.

[0045] In the following Example, various aspects of the
present invention are disclosed more specifically for pur-
poses of illustration and not limitation.

EXAMPLE

[0046] This Example demonstrates the use of the method
of the present invention to measure the interaction of iophe-
noxic acid (a-ethyl-3-hydroxy-2,4,6-triiodohydro-cinnamic
acid) in a saliva-containing buffer with immobilized human
serum albumin (HSA). Iophenoxic acid is known to bind to
HSA but not to IgG which therefore is used as a reference.
The saliva components bind unspecifically to both HSA and
IgG.

Instrumentation

[0047] A Biacore® 3000 instrument (Biacore AB, Upp-
sala, Sweden) was used. This instrument, which is based on
surface plasmon resonance (SPR) detection at a gold sur-
face, uses a micro-fluidic system for passing samples and
running buffer through four individually detected flow cells,
designated Fcl to Fe4, one by one or in series. As sensor
chip was used Series CM5 certified grade (Biacore AB,
Uppsala, Sweden), which has a gold-coated surface with a
covalently linked carboxymethyl-modified dextran polymer
hydrogel. The output from the instrument is a “sensorgram”
which is a plot of detector response (measured in “resonance
units”, RU) as a function of time. An increase of 1000 RU
corresponds to an increase of mass on the sensor surface of
approximately 1 ng/mm?Z.

[0048] A prototype TRIINJECT command was used
which injects two liquids, A and B, in the order <liquid
A><liquid B><liquid A> (Andersson, Karl, et al. (1999)
PROTEINS: Structure, Function, and Genetics 37, 494-
498).

Sensor Chip Immobilization

[0049] Three of the flow channels of the Biacore® 3000
instrument, Fcl, Fe2 and Fc3, were used. Anti-myoglobin
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IgG (in-house reagent) and human serum albumin (HSA)
(Sigma-Aldrich, Missouri, USA) were immobilized using
Amine Coupling Kit (Biacore AB, Uppsala, Sweden)
according to the manufacturer’s instructions. Running buffer
was 10 mM sodium-acetate buffer pH 5.0 (Biacore AB,
Uppsala, Sweden). The sensor chip was immobilized as
follows:

[0050] Fc1: blank

[0051] Fc2: about 8600 RU IgG (for reference use)

[0052] Fc3: about 11000 RU Human Serum Albumin
(HSA)

[0053] Fc4: about 9000 RU Human Serum Albumin
(HSA)

3 While sensorgrams were recorded for Fel to Fe4,

0054 hil g ded f

only sensorgrams recorded for Fc2 and Fc3 were used for
analysis.

Measurement of Unspecific Binding of Saliva to IgG and
HSA

[0055] The following two buffers were prepared:

[0056] HBS1%: HBS-EP (Biacore AB, Uppsala, Swe-
den) containing 1% DMSO (Riedel de Haen, Seelze,
Germany).

[0057] HBSS1%: HBS-EP (Biacore AB) containing 1%
DMSO (Riedel de Haen) and 30% saliva (donated by a
healthy male).

[0058] Using the trinject command of the Biacore® 3000
instrument, injections were made over flow cells 1 to 3 (Fel,
Fc2, Fc3) in series with liquid A being HBS1% and liquid B
being either HBS1% or HBSS1%. That is, the injection
sequences were <HBS1%><HBS1%><HBS1%>, and
<HBS1%><HBSS1%><HBS1%>, respectively. Running
buffer, used during preparatory and wash steps, was HBS-EP
(Biacore AB, Uppsala, Sweden). The sensorgrams obtained
for the HSA-surface (Fc3) are shown as overlay plots in
FIG. 3. The dashed line, designated A in the figure, shows
the sensorgram when liquid B in the triinject is HBSS1%,
and the solid line, designated B in the figure, shows the
sensorgram when liquid B in the triinject is HBS1%.

[0059] During segment 10 in FIG. 3, the instrument
prepares for injection with running buffer. Segments 11 and
13 are <liquid A> in the triinject, in this case HBS 1%.
Segment 12 is the actual sample injection, i.e., <liquid B> in
the triinject. 12A corresponds to HBSS1% and 12B corre-
sponds to HBS1%. Segment 14 is wash with running buffer.
The sudden shift of response level (RU) in the sensorgrams
in each segment transition reflects the different bulk refrac-
tive index of the respective liquids, and the slower changes
of the response level during each segment corresponds to a
specific or unspecific interaction. When comparing seg-
ments 12A and 12B, segment 12A has a significantly larger
slope than that of 12B, indicating that the saliva components
in 12A bind to the surface.

[0060] In a similar experiment, a sample injection of
HBSS1% was “embedded” in HBSS1%, i.e., <liquid A> and
<liquid B> were both HBSS1%. The sensorgrams from two
such injections are shown as overlay plots in FIG. 4 (signal
from flow cell 3 as in FIG. 3), segments 21 to 23 corre-
sponding to segments 11 to 13 in FIG. 3. As seen in FIG.
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4, there is a large drift early in the segment 21 due to
unspecific components binding rapidly. At the time of tran-
sition from segment 21 to 22, the drift has decreased. In
particular, the drift during segment 22 is lower than that
during segment 12, demonstrating that if the surface is
already preincubated with the unspecific components when
the sample is injected, the signal is not influenced by
unspecific binding to the same extent.

Measurement of Interaction of Iophenoxic Acid in 30%
Saliva with HSA

[0061] 50 uM iophenoxic acid (Sigma-Aldrich, Missouri,
USA) in HBSS1% was used as <liquid B>, and HBSS1% as
<liquid A>, and triinject injects were performed over Fecl,
Fc2 and Fc3 in series. Detection was performed at Fc3
(HSA-surface) and Fc2 (IgG-surface). The sensorgrams
obtained for Fc3 were “corrected” by subtracting the sen-
sorgram for the reference, Fc2. The reference subtracted
sensorgrams (Fc3-Fc2) obtained are shown as overlay plots
in FIG. 5. The solid line, designated E in the figure, shows
the sensorgram when liquid B in the triinject is 50 uM
iophenoxic acid in HBSS 1%, and the dashed line, desig-
nated F in the figure, shows the sensorgram when liquid B
in the triinject is HBSS 1%.

[0062] InFIG. 5, segments 31, 32F and 33 are HBSS1%,
and segment 32E is 50 #uM iophenoxic acid in HBSS1%. The
slope during segments 31-33 is due to saliva components
binding unspecifically to IgG (Fc2) at a lower rate than to
HSA (Fc3). The influence of unspecific binding is, however,
stable when the iophenoxic acid is injected in segment 32.
As seen from segments 32E and 32F, the binding of iophe-
noxic acid can readily be quantified.

[0063] To correct for the difference of unspecific binding
between IgG and HSA, the sensorgram from the buffer
injection (F in FIG. 5) may be subtracted from the sensor-
gram from the iophenoxic acid injection (E in FIG. 5). The
binding of iophenoxic acid to HSA was characterized three
times in HBSS 1% and three times in HBS 1%, and the
resulting sensorgrams corrected in this way are shown in
FIG. 6. The sensorgrams for the saliva-containing buffer are
shown in dashed lines (D), while the sensorgrams for the
pure buffer are shown in solid lines (C). As seen in FIG. 6,
sensorgrams D (saliva-containing buffer) agree with the
sensorgrams C (pure buffer), indicating that this method is
favourable when characterizing molecular interactions in
complex matrices.

[0064] Thus, by preincubating the HSA and IgG surfaces
with unspecifically binding saliva components prior to con-
tacting the surfaces with the sample, unspecific binding from
the sample medium which would disturb the measurement
of the iophenoxic acid interaction is minimized. The method
of the invention is therefore suitable for minimizing the
influence of possible unspecific binding in mesurements of
how especially small molecules bind to a ligand in a
complex sample medium.

[0065] All of the above U.S. patents, U.S. patent applica-
tion publications, U.S. patent applications, foreign patents,
foreign patent applications and non-patent publications
referred to in this specification and/or listed in the Applica-
tion Data Sheet, are incorporated herein by reference, in
their entirety.
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[0066] It is to be understood that the invention is not
limited to the particular embodiments of the invention
described above, but the scope of the invention will be
established by the appended claims.

1. In a method for determining interaction of an analyte
with a binding agent immobilized to a solid support surface,
which comprises contacting the surface with a fluid sample
based on a complex medium containing the analyte and at
least one species other than analyte that may interact with
the solid support surface, and detecting binding events at the
solid support surface, the improvement comprising contact-
ing the solid support surface with sample medium free from
analyte prior to contacting the surface with the analyte-
containing sample.

2. The method according to claim 1, wherein association
of analyte to the immobilized binding agent is determined.

3. The method according to claim 1, wherein the solid
support surface, after having been contacted with the ana-
lyte-containing sample, is contacted again with sample
medium free from analyte and dissociation of analyte from
the surface is determined.

4. The method according to claim 1, wherein at least one
interaction parameter selected from association constant,
dissociation constant, association rate constant and disso-
ciation rate constant for the interaction is determined.

5. The method according to claim 1, wherein the concen-
tration of analyte in the sample is determined.

6. The method according to claim 1, wherein the sample
comprises a complex medium diluted with a diluent.

7. The method according to claim 1, wherein the complex
medium is a body fluid.

8. The method according to claim 7, wherein the body
fluid is selected from cerebrospinal fluid, saliva, breast milk,
urine, bile, blood serum, blood plasma, tears, and homog-
enized biopsies.

9. The method according to claim 7, wherein the body
fluid is selected from from blood plasma and blood serum.

10. The method according to claim 1, wherein the com-
plex medium is selected from cell culture media, cell lysates,
crude plant extracts, liquid foodstuff, extracted food stuff,
and dissolved food stuff.

11. The method according to claim 1, wherein the content
of complex medium in the sample is from about 10 to about
100%.

12. The method according to claim 1, wherein the content
of complex medium in the sample is from about 30 to about
100%.

13. The method according to claim 1, wherein the analyte
is a low molecular weight compound.

14. The method according to claim 1, wherein the sample
is based on blood plasma or serum taken from a patient after
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a drug has been administered to the patient, and wherein the
sample medium free from analyte is based on blood plasma
or serum taken from the patient before the administration of
the drug.

15. The method according to claim 1, wherein the solid
support surface comprises a sensor surface, and binding to
the surface causes a measurable change of a characteristic of
the sensor surface.

16. The method according to claim 15, wherein the
binding events at the solid support surface are detected in
real time.

17. The method according to claim 16, wherein the
binding events at the solid support surface are represented
by a binding curve for detected binding level versus time.

18. The method according to claim 15, wherein the sensor
surface is part of a biosensor.

19. The method according to claim 18, wherein the
biosensor is based on evanescent wave sensing preferably
surface plasmon resonance (SPR).

20. The method according to claim 19, wherein the
biosensor is based on surface plasmon resonance (SPR).

21. The method according to claim 1, wherein the method
is performed in a flow cell.

22. A method for determining the plasma binding pro-
pensity of a drug, which comprises determining the binding
of a drug present (i) in a complex medium comprising blood
plasma, and (ii) in a non-complex medium, to an immobi-
lized binder for the drug, and comparing the binding of drug
in the complex medium comprising blood plasma with the
binding of drug in the non-complex medium, wherein the
determination of the binding of drug in the medium com-
prising blood plasma is performed according to the method
of claim 1.

23. An analytical system for detecting molecular binding
interactions, comprising:

a sensor device comprising at least one sensing surface,

detection means for detecting molecular binding interac-
tions at the at least one sensing surface,

means for producing detection data representing the
progress of the interactions with time, and

computer processing means for performing the method
steps of claim 1.

24. A computer program product comprising program
code means stored on a computer readable medium or
carried on an electrical or optical signal for performing the
method steps of claims 1 when the program is run on a
computer.
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