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(57) Abstract

Methods and devices are provided for controlling a fluid flow over a sensing surface within a flow cell (200). The methods employ
laminar flow techniques to position a fluid flow over one or more discrete sensing areas (260) on the sensing surface of the flow cell. Such
methods permit selective sensitization of the discrete sensing areas, and provide selective contact of the discrete sensing areas with a sample
fluid flow. Immobilization of a ligand upon the discrete sensing area, followed by selective contact with an analyte contained within the
sample fluid flow, allows analysis by a wide variety of techniques. Sensitized sensing surfaces, and sensor devices and systems are also
provided.
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METHOD AND DEVICE FOR
LAMINAR FLOW ON A SENSING SURFACE

FIELD OF INVENTION

The present invention generally relates to the control of a fluid flow
over a sensing surface within a flow cell and, more specifically, to the use of
laminar flow techniques to position a fluid flow over one or more discrete
sensing areas within a flow cell, as well as the use thereof in the preparation of

sensing surfaces and in analytical methods, devices and systems related thereto.

BACKGROUND OF INVENTION

Instrumentation for real-time Biomolecular Interaction Analysis
(BIA) is commercially available from Biacore AB (Uppsala, Sweden) under the
trade name BlAcore (hereinafter “the BIAcore instrument”). The BIAcore
instrument employs surface plasmon resonance (SPR) to investigate interactions
between molecules at the surface of a sensor chip, and includes a processing unit
with liquid handling and optical systems, a sensor chip, and a computer for
control and data evaluation. One molecule, referred to as the “ligand,” is
immobilized on the surface of the sensor chip, and the other molecule, the
“analyte,” flows over the surface of the sensor chip. As the analyte interacts with
the immobilized ligand, SPR is used to measure a change in refractive index on
the surface of the sensor chip. Selective interactions of the analyte to the
immobilized ligand gives this technique specificity, and also enables analysis of
interactions in complex mixtures.

The BlAcore instrument has been used extensively, and a large
volume of literature has been published concerning its operation and
applicability. For example, published PCT WO 90/05295 discloses in greater
detail the construction and operation of the BIAcore instrument, while published
PCT applications WO 90/05303 and WO 90/05305 are directed to various sensor
surfaces for use therewith. Further, the BIAtechnology, BIAapplication, and
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BIAcore Handbooks published by BIAcore AB describe in considerable detail
the operation and construction of the BIAcore instrument.

In general, an analyte present within a liquid sample interacts with
the ligand associated with, for example, a dextran matrix bound to the surface of
the sensor chip. Binding of the analyte by the ligand gives rise to an increase in
refractive index which is monitored in real time by a change in the resonance
angle as measured by SPR. The data take the form of a sensorgram which plots
the signal in resonance units (RU) as a function of time. A signal of 1,000 RU
corresponds to the binding of about 1 ng of analyte per mm?2 (Johnsson et al.,
Anal. Biochem. 198:268-277, 1991, Fagerstam etal, J Chromatography
597:397-410, 1992; Stenberg et al., Colloid and Interface Science 143:513-526,
1991).

During operation of the BIAcore instrument, the sample is
delivered to the sensor chip utilizing an integrated micro-fluidic cartridge (IFC).
The IFC consists of a series of precision-cast channels in a hard silicon polymer
plate, forming sample loops and flow channels for buffer and sample delivery.
The IFC is pressed into contact with the sensor chip by a docking mechanism
within the BIAcore instrument. A representative IFC as used by the BIAcore
instrument is depicted in Figure 1A, which illustrates the channels and valves (as
viewed from above), with the inset showing a side view of the same and
depicting a flow cell formed from pressing the IFC against the sensor chip.

Sample flow through the IFC is controlled by a set of
pneumatically actuated diaphragm valves which direct the sample through the
various channels to the sensing surface of the sensor chip. In this manner, the
BIAcore instrument (e.g., BIAcore 2000) permits single or multichannel analysis
in up to four flow cells. For example, Figure 1B illustrates sample being passed
through three flow cells in series (labeled FC 1, FC 2 and FC 3). Although not
specifically depicted in Figure 1B, sample can also pass through just a single

flow cell for analysis (e.g., FC 1).
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Existing BIAcore instruments employ flow cells having a cross
sectional area of 0.05 x 0.5 mm and a length of 2.4 mm, giving a volume of about
60 nanoliters (nl), and having a total sensing surface area in each flow cell of
approximately 1.2 mm?2. A focused incident light illuminates approximately 1.6
mm of the length of the sensing surface for each flow cell, with the detector
imaging about 0.17 mm of the width of the sensing surface. This corresponds to
a sensing area within each flow cell of about 0.3 mm?2. Each flow cell in the
BIAcore instrument contains a single sensing area. Thus, if the sample is to
contact four different sensing areas, passage of the sample through four separate
flow cells is required (i.e., FC 1, FC 2, FC 3 and FC 4).

While sample delivery to multiple flow cells as presently employed
in the BIAcore instrument offers numerous advantages, and represents the state
of the art with respect to sample delivery techniques, improvements thereto are
still desired. For example, in the context of kinetic measurements, it is important
that sample be delivered to each flow cell in a well-defined volume or "plug,”
with minimal dispersion at sample-buffer boundaries. Such a sample plug is
created by switching between sample and buffer flow in the IFC with aid of the
pneumatic valves. While dispersion is minimized by keeping dead volumes
between the valves and flow cells small, there are still periods at the start and end
of sample introduction where the concentration of the sample is diluted by
dispersion (i.e., mixing of the sample with the running buffer in the system).
Further, dispersion increases with the number of flow cells in series (as depicted
in Figure 1B). Such dispersion results in a time lag in both the rise and fall of the
sensorgram at the beginning and end of sample introduction. These so-called
“rise and fall times” limit the ability to resolve fast reaction kinetics (ie.,
interactions with high rate constants). One way to solve this limitation is to
increase the flow rate. Unfortunately, increasing the flow rate means increased
sample consumption. There are also practical and design limitations in terms of,

for example, liquid pressure which provide an upper limit for the flow rate.
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In addition, temperature variations between flow cells can
negatively impact sample analysis. Since refractive index, reaction kinetics and
mass transport of the analyte to the sensing surface are all sensitive to
temperature, it is important that such measurements be carried out at controlled
temperatures. Due to physical separation of the flow cells, and hence the sensing
surfaces, temperature fluctuations between flow cells can be a source of
measurement error. Further, the flow cells depicted in Figures 1A and 1B do not
permit controlled sample delivery to discrete areas within a single flow cell, nor
do they allow immobilization of different ligands to discrete sensing areas within
a single flow cell. Rather, such modifications are only achieved within separate
flow cells, and thus are accompanied by the limitations as noted above.

Accordingly, there is a need in the art for improved sample delivery
techniques within the context of flow cell-based detection instruments, such as
the BIAcore instrument, as well as for other instruments of similar design or
operation. To that end, any instrument which detects a measurable change in a
property associated with a flow cell-based sensing structure may benefit from
improved sample delivery techniques. Such improvements should provide fast
liquid exchange rates between sample and buffer, maintain constant temperature
control across multiple sensing areas, and permit a variety of sample delivery
techniques to multiple sensing areas within the flow cell.

The present invention fulfills these needs and provides further

related advantages.

SUMMARY OF THE INVENTION

In brief, the present invention is directed to the control of a fluid
flow over a sensing surface within a flow cell and, more specifically, to the use
of laminar flow techniques to position the fluid flow over one or more discrete
sensing areas within the flow cell More specifically, by varying the individual
flow rates of at least two laminar fluid flows, an interface between the two flows

may be laterally moved over the sensing surface within the flow cell. In this
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manner, the flows may be controllably positioned within the flow cell over one or
more discrete sensing areas, and further permits a wide range of surface
modification and/or interaction at the discrete sensing areas.

One aspect of the invention provides a method of sensitizing a
sensing surface arranged to be passed by a liquid flow. The term "sensitizing"
means any process or activation of the sensing surface that results in the surface
being capable of specifically interacting with a desired analyte. This method
comprises providing a laminar flow of a first fluid and a laminar flow of a second
fluid adjacent to the flow of the first fluid so that the two laminar flows together
pass over the sensing surface with an interface to each other, with at least the first
fluid being capable of sensitizing the sensing surface, and adjusting the relative
flow rates of one or both of the two laminar flows to position the interface
between the flows so that each laminar flow contacts a defined area of the
sensing surface for selective sensitization thereof.

In one embodiment, the sensing surface is sensitized by contacting
the surface with a first fluid that sensitizes the same, and a second fluid that does
not sensitize the surface. In a variant of this embodiment, the procedure is
repeated such that the first fluid is replaced by a fluid that does not sensitize the
sensing surface, and the second fluid is replaced by a fluid capable of sensitizing
the sensing surface differently than the first fluid to produce two differently
sensitized areas, optionally spaced apart by, or adjacent to, a non-sensitized area
of the sensing surface. In other embodiments, a stepwise gradient may be
produced by varying the relative flow rates of the laminar flows to displace the
interface laterally and provide a gradient-sensitized area on the sensing surface
or, alternatively, by continuously varying the relative flow rates of the laminar
flows to generate a continuous gradient-sensitized area.

In still another embodiment, an additional laminar flow of a third
fluid is provided on the other side of the flow of the first fluid so that the laminar
flow of the first fluid is sandwiched between the laminar flows of the second and

third fluids. This permits the flow of the first fluid to be positioned laterally on
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the sensing surface. If the second and third fluids, which may be the same or
different liquids, are not capable of sensitizing the sensing surface, a streak or
row of sensitizing fluid may be controllably positioned on the sensing surface.
By successively repeating the above procedure with at least one different
sensitizing first fluid, and with varied relative flow rates of the second and third
fluids, two or more rows of sensitized surface areas may be provided on the
sensing surface.

In yet another embodiment, the method is used to produce either a
row or matrix of sensitized areas on the sensing surface. This may be achieved
by repeating the procedure with a different sensitizing fluid or fluids and
applying the laminar flows at an angle, typically transversely, to the original flow
direction. Such rows or matrixes have a number of beneficial applications as
described in more detail below.

Another aspect of the invention provides a method of analyzing a
fluid sample for one or more analytes. This method comprises sensitizing a
sensing surface by immobilization of an analyte-specific ligand on the sensing
surface by the methods described herein, contacting the sensing surface with the
fluid sample, and detecting interaction of analyte in the fluid sample with the
sensitized area or areas of the sensing surface. One or more non-sensitized areas
may be used as a reference area or areas or, alternatively, one or more areas
sensitized with a control ligand may be employed.

Still another aspect of the invention provides a method of analyzing
a fluid sample for an analyte where laminar flow of the fluid is to position the
sample flow on the desired sensitized area or areas. The method comprises
providing a sensitized area on the sensing surface of a flow cell, the sensitized
area being capable of selectively interacting with the analyte; passing a first
laminar flow of the fluid sample over the sensing surface, but not in contact with
the sensitized area; passing a second laminar flow of fluid that is not capable of
interacting with the sensitized area over the sensing surface, the second laminar

flow being adjacent to the first laminar flow and forming an interface therewith;
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adjusting the relative flow rates of the first and/or second laminar flows such that
the first laminar flow of fluid sample passes over the sensitized area; and
detecting interaction of analyte in the fluid sample upon contact with the
sensitized area.

Another aspect of the invention provides a method of analyzing a
fluid sample for an analyte, where the whole sensing surface is sensitized and
only a part of the sensitized surface is contacted with the sample flow, whereas
the other part is used as a reference area. In this way, bleeding as well as other
uncontrollable events on the sensing surface may be referenced away. This
method comprises providing a sensitized surface which is capable of selectively
interacting with the analyte; passing a first laminar flow of the fluid sample over
a first part of the sensitized surface (i.e., a first sensing area); simultaneously
passing a second laminar flow of fluid that is not capable of interacting with the
sensitized surface over the remainder of the sensitized surface (i.e., a second
sensing area), wherein the second laminar flow is adjacent to the first laminar
flow and the second sensing area serves as a reference area; and detecting
interaction of analyte in the fluid sample with the first sensing area. In a further
embodiment, the relative flow rates of the first and/or second laminar flows are
adjusted such that the first laminar flow passes over at least a portion of the
second sensing area, and interaction of analyte in the sample flow is detected
with this newly contacted portion of the second sensing area.

Yet other aspects of the invention provide methods of studying the
association or dissociation of an analyte to or from a sensing surface, where
laminar flow techniques are used to rapidly shift a sample fluid flow laterally in a
flow cell to a position where the sample flow contacts a sensitized sensing area.
The method for studying association comprises providing a flow cell having a
sensitized sensing area on a sensing surface thereof which is capable of
interacting with the analyte; passing fluid sample in a first laminar flow through
the flow cell; passing analyte-free fluid in a second laminar flow through the

flow cell, the second laminar flow being adjacent to the first laminar flow and
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forming an interface therewith; setting the relative flow rates of the fluid flows to
place the interface between the laminar flows so that the sample fluid flow does
not contact the sensitized sensing area; changing the relative flow rates of the
laminar flows to displace the interface laterally so that the sample flow contacts
the sensitized sensing area; and determining association of analyte to the
sensitized sensing area.  Similarly, the method for studying dissociation
comprises shifting the sample flow laterally so that the sample flow is no longer
in contact with the sensitized sensing area; and determining dissociation of
analyte from the sensitized sensing area.

Still another aspect of the invention provides a sensor device
comprising a flow cell having an inlet end and an outlet end; at least one sensing
surface on a wall surface within the flow cell located between the inlet and outlet
ends; wherein the flow cell has at least two inlet openings at the inlet end, and at
least one outlet opening at the outlet end, such that separate laminar fluid flows
entering the flow cell through the respective inlet openings can flow side by side
through the flow cell and contact the sensing surface. In one embodiment of the
sensor device, the flow cell has two inlet openings and at least one outlet
opening, and is of the Y flow cell type (i.e., having two inlets and a single outlet).
In another embodiment, the flow cell has three inlet openings and at least one
outlet opening to establish three laminar fluid flows in a sandwich fashion
through the flow cell, and is of the ¥ flow cell type (i.e., having three inlets and a
single outlet).

In still another embodiment, the flow cell is of the two-dimensional
type. One variant of such a two-dimensional flow cell has at least two first inlets
and at least one first outlet, and in an angular relationship to the fluid pathway
between them (usually transversely), at least two second inlets, and at least one
second outlet. A representative flow cell of this type is a two-dimensional ¥
cell. Another variant of a two-dimensional flow cell has the sensing surface
turnably mounted within the flow cell to permit it to be passed by fluid flows in

two dimensions. The sensing surface may have at least two adjacent sensing



WO 99/36766 PCT/SE99/00063

10

15

20

25

areas in the flow direction of the flow cell, particularly at least one sensing area
and at least one reference area. Preferably, at least one sensing area is capable of
specifically interacting with an analyte.

Yet another aspect of the invention provides a sensor system,
comprising a flow cell having an inlet end and an outlet end; at least one sensing
area on a sensing surface within the flow cell between the inlet and outlet ends;
the flow cell having at least two inlet openings at the inlet end, and at least one
outlet opening at the outlet end; means for applying laminar fluid flows through
the inlet opening such that the laminar fluid flows pass side by side through the
flow cell over the sensing surface; means for varying the relative flow rates of the
laminar flows of fluids to vary the respective lateral extensions of the laminar
flows over the sensing surface containing the sensing area or areas; and,
detection means for detecting interaction events at the sensing area or areas.

These and other aspects of this invention will be evident upon
reference to the attached drawings and the following detailed description.
Furthermore, certain references have been cited herein for the purpose of clarity
and completeness. Such references are each incorporated herein by reference in

their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A (prior art) depicts the channels and valves in an IFC as
viewed from above, while the insert shows a side view of how the flow cells are
formed by pressing the sensor chip against the IFC. Figure 1B (prior art)
illustrates sample flow through three of four flow cells (the empty and filled
circles represent open and closed valves, respectively).

Figures 2A and 2B illustrate a Y flow cell with two laminar flows
(one buffer flow and one sample flow).

‘Figure 3A illustrates the sample interface positioned adjacent the

sensing area, while Figure 3B shows the sample fluid covering the sensing area.
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Figure 4A illustrates a Y flow cell having two sensing areas with
the sample flow initially adjacent to both sensing areas, while Figure 4B shows
the interface displaced such that the sample flow contacts one of the sensing
areas.

Figures 5A and 5B illustrate a representative ¥ flow cell having
two buffer flow inlets and one sample flow inlet.

Figure 6 represents diffusion in the Y flow cell over contact time, t,
where f is the flow rate, L is the length of the flow cell, and A is the cross section
area of the flow cell.

Figure 7A depicts the concentration of the sample at different
contact times in a cross section of the Y flow cell, while Figure 7B shows the
concentration of the sample at different contact times in a cross section of the W
flow cell.

Figure 8 illustrates formation of a gradient in the Y flow cell by
changing the sample and buffer flow rate during sensitization of the sensing
surface.

Figure 9 illustrates a Y flow cell having two discrete sensing areas.

Figure 10 illustrates a W flow cell having three discrete sensing

arcas.

Figure 11A illustrates a representative two-dimensional (2D) ¥
flow cell, with Figure 11B depicting a cross-section thereof.

Figures 12A through 12E illustrate generation of sensitized rows
on the sensing surface, and an overlapping sensing area.

Figures 13A through 13E illustrate generation of a sensitized
matrix of the present invention.

Figure 14A illustrates a flow cell having two sensitized areas and
one non-sensitized area, with sample flow contacting all three areas. Figure 14B

illustrates an alternative embodiment having two sensitized areas and one non-
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sensitized area, with sample flow contacting one sensitized area and the non-
sensitized area.

Figure 15 depicts a representative Y flow cell.

Figure 16 illustrates a representative one-dimensional (1D) ¥ flow
cell.

Figure 17A illustrates the diffusion width of the 1D ¥ flow cell as
measured at 2 mm and 10 mm from the inlet for different flow rates (i.e.,
different contact times), and Figure 17B graphs the diffusion width versus the
contact time.

Figure 18 graphs diffusion widths of different proteins and
molecules at different flow rates and at different concentration limits.

Figure 19 is a schematic cross section of a ¥ cell with the relative
sample concentration on the y-axis and length on the x-axis, perpendicular to the
flow direction (the positioning width is the width where the sample concentration
is >99.9%, and the separation width is where the sample concentration is <0.1%).

Figure 20A, 20B, 20C and 20D illustrate use of a ¥ flow cell for
dialysis.

Figures 21A and 21B represent the part of the sensorgrams that
show the rise and fall times, respectively, for different flow cells, and Figure
21C shows a plot of rise time versus sample flow.

Figure 22 presents a comparison of the liquid exchange rate
constants for representative Y, IFC3 and IFC4 flow cells.

Figures 23A through 23F illustrates sensitization at two discrete
sensing areas, and selective analysis of analytes specific to such discrete sensing

arcas.

DETAILED DESCRIPTION OF THE INVENTION
As mentioned above, this invention is generally directed to the

control of a fluid flow over a sensing surface using laminar flow techniques to
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bring the fluid (also referred to herein as “sample flow” or “sample”) into contact
with one or more discrete areas on the sensing surface (called "sensing areas"), as
well as to the preparation of sensing surfaces and in analytical methods, devices
and systems related thereto. In the context of preparing a sensing surface, a
ligand may be associated with a discrete sensing area on the sensing surface
(referred to herein as "sensitization") by selectively contacting the discrete
sensing area of the sensing surface with a sample containing the ligand under
laminar flow conditions within a flow cell. The configuration and dimensions of
the flow cells of this invention may vary widely depending upon the specific
application and/or detection method.

To this end, representative detection methods include, but are not
limited to, mass detection methods, such as piezoelectric, optical, thermo optical
and surface acoustic wave (SAW) methods, and electrochemical methods, such
as potentiometric, conductometric, amperometric and capacitance methods. With
regard to optical detection methods, representative methods include those that
detect mass surface concentration, such as reflection-optical methods, including
both internal and external reflection methods, angle, wavelength or phase
resolved, for example ellipsometry and evanescent wave Spectroscopy (EWS),
the latter including surface plasmon resonance (SPR) spectroscopy, Brewster
angle refractometry, critical angle refractometry, frustrated total reflection (FTR),
evanescent wave ellipsometry, scattered total internal reflection (STIR), optical
wave guide sensors, evanescent wave-based imaging, such as critical angle
resolved imaging, Brewster angle resolved imaging, SPR angle resolved imaging,
and the like. Further, photometric methods based on, for example, evanescent
fluorescence (TIRF) and phosphorescence may also be employed, as well as
waveguide interferometers. While the present invention is hereinafter illustrated
in the context of SPR spectroscopy, it should be understood that the invention is
not limited in this manner. Rather, any instrumentation or technique wherein a
sample is brought into contact with a sensing surface within a flow cell under

Jlaminar flow conditions may benefit from this invention.
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As mentioned above, the present invention involves contacting a
sample with one or more discrete sensing areas on a sensing surface under
laminar flow conditions within a flow cell. As used herein, the term “laminar
flow” corresponds to a Reynolds number below 2000, and preferably below 20.
The Reynolds number (Rg) is used to describe the character of a liquid flow over

the sensing surface, and may be expressed by the following Equation (1):
Re =T (1)

where V is the average linear flow rate (m/s), d is the diameter of the “pipe” (m),
p is the density of the fluid (kg/m3) and p is the absolute viscosity of the fluid
(Ns/m2). In the context of a flow cell having a rectangular cross section, the pipe
diameter is more appropriately replaced with the hydraulic diameter (Dp), which
is given by four times the cross sectional area divided by the perimeter of the
flow cell (i.e., Dy = 2wh/(w+h) where w and s are the width and height,
respectively, of the flow cell). Thus, the Reynolds number of a flow cell having

a rectangular cross section may more accurately be represented by Equation (2):

VDnp
U

(4

2)

It should be noted that Equation (2) assumes that the sensing
surface is ideally smooth and with a curvature that can be neglected. Thus, any
irregularities, pronounced curvature of the surface or sharp bends within the flow
cell may lead to formation of local turbulence and should be avoided. Further,
laminar flow within the flow cell is best achieved at some distance from entrance
of the fluid into the flow cell. To this end, Weber and Prudy (4nal. Chim. Acta
100:531, 1978) have proposed the following Equation (3) for ensuring laminar

flow at a distance from a flow cell entrance (L¢):

Le ~ 0.05-ReDp (3)
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As mentioned in the background section above, the rise and fall
times of a flow cell-based measurement (i.e., the time it takes for the sample
concentration to rise from 0% to 100% over the sensing surface, and then fall
back to 0%) limits the ability to resolve fast reaction kinetics. At the beginning
and end of sample introduction, the sample is diluted by dispersion with the
carrier solution (e.g., buffer). Thus, rather than instantaneous rise and fall times,
there is some time lag due to dispersion of the sample. Such dispersion can, as a
first approximation, be described by a first order kinetic process according to
Equation (4):

-d—c~=k (CO—C) or itc*+k

t Lgx d Lgx

C=k, C, @)

Lax
where kf gy is the liquid exchange rate constant, Cp is the concentration of the
sample and C is the concentration of the sample at the sensing surface.

In the BIAcore instrument, the concentration of the sample at the
sensing surface, C, is dominated by the dispersion in the flow cell. Multiplying
Equation (4) with the integration factor e*' and integrating the same gives the

following Equation (5):
C=Cyf1-e™) (5)

This equation approximately describes the rise of the sample concentration at the
sensing surface during a liquid exchange. The time required by the liquid
exchange may, for example, be defined as the time to reach 99% of the final

value. Using Equation (5), rise time may thus be expressed by Equation (6):

4.6

Lgx0.99

C ;
099 = o =<1—e_kqu ) = risetime= tog = (6)
Thus, if the rise time to 99% is known, the liquid exchange rate constant, k7 gx.
can be calculated from Equation (6). Similarly, the first order equation for the

liquid exchange during the fall is described by Equation (7):
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C=C,-e" (7)

which gives the following Equation (8) for the time it takes to fall to 1% of the

plateau value:

4.6

0.01 =( e ):>fall time = tooi= (8)

Lgx0.01
To obtain an experimental relationship between rise time (or fall
time) and flow rate, the rise time to 99% of the steady state concentration (or fall
time to 0.01%) can be measured and plotted against sample flow according to
Equation (9):
V, -60
Rise time = m ©)
where V, corresponds to the volume of sample (pl) that must be displaced during
an exchange of fluid. In Equation (9), sample flow is expressed as a sample
volume per unit time (1l/min), and the rise time is measured in seconds (hence
the presence of the 60 sec/min conversion). Experimental results for
representative flow cells of this invention are presented in Example 4. By
determining V, from experimental data, Equation (9) may be used to calculate
rise times for different sample flows.
Further, Equation (9) may also be used to obtain an expression for
the time to rise to 99% of the original concentration. Combining Equations (6)

and (9), the liquid exchange rate constant may be expressed as Equation (10):

4.6
Lgz = ( V,, .60 ) (10)

Sample flow

K

Under appropriate conditions, this equation may be used to calculate the liquid
exchange rate constant for different flow cells. The larger K| g, the faster the

reaction kinetics that can be measured. A comparison of liquid exchange rates is



WO 99/36766 PCT/SE99/00063

10

15

20

25

30

16

presented in Example 4 for different flow rates through representative flow cells
of this invention.

With regard to suitable flow cells for use in the practice of this
invention, such flow cells may assume a number of forms, the design of which
may vary widely depending upon the intended application and/or use. While
several representative flow cells are disclosed herein for purpose of illustration, it
should be recognized that any type of flow cell which is capable of contacting a
liquid sample to a sensing surface under laminar flow conditions may be
employed in the practice of this invention.

In one embodiment, a flow cell of this invention has two inlets and
one outlet, such that two liquid streams enter the flow cell via their respective
inlets and travel through the flow cell side-by-side and under laminar flow
conditions, exiting the outlet. A sensing surface is located along a wall portion of
the interior volume of the flow cell such that at least one of the liquid streams
contacts the sensing surface. A representative flow cell of this embodiment is
depicted in Figures 2A and 2B, and is referred to herein as a "Y flow cell."

Referring to Figure 2A, a cross-sectional view of Y flow cell 200 is
illustrated, having inlet arms 210 and 220 and outlet end 250. The flow cell has
interior length /, width w and height # (not shown). A first fluid (such as a
buffer), depicted by arrow 230, enters flow cell 200 via inlet 210, and a second
fluid (such as a sample), depicted by arrow 240, enters via inlet 220 (in Figure
2A, second fluid 240 is shaded for purpose of illustration). The first and second
fluids travel length / of the flow cell under laminar flow conditions such that
interface 290 separates first fluid 230 from second fluid 240, with both fluids
exiting outlet end 250 of the flow cell as depicted by arrow 270.

An isometric view of a representative Y flow cell is illustrated in
Figure 2B. In this figure, Y flow cell 201 has inlet arms 235 and 245, each
containing inlets 215 and 225, respectively, and having a common outlet 255. A
first fluid, represented by arrow 265 enters the flow cell via inlet 215, while a

second fluid, represented by arrow 275 enters the flow cell via inlet 225. The
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two fluids travel in the direction of outlet 255 under laminar flow conditions such
that interface 295 separates first fluid 265 from second fluid 275, with both fluids
exiting outlet 255 as depicted by arrow 285.

As the two fluids travel through the Y flow cell illustrated in
Figures 2A and 2B, at least one of the fluids comes in contact with a discrete
sensing area along a wall portion within the interior volume of the flow cell, as
depicted by sensing areas 260 and 261 in Figures 2A and 2B, respectively. The
interaction between the fluid and the sensing area may involve a variety of
interactions, as discussed in greater detail below. Such interactions may be
detected by sensing techniques known to those skilled in the art which probe the
sensing area from the "back side" - that is, from the opposite side of the sensing
area in contact with the fluid. Alternatively, such interactions my be detected by
sensing techniques which probe the sensing area from the "front side" - that is,
from the side of the sensing area in contact with the fluid. Such detecting may be
done at the same time that the fluid is in contact with the sensing area or at some
subsequent time, and may be done while the sensing area is associated with the
flow cell or separate therefrom.

By employing at least two laminar flows, it is possible to guide the
fluids within the flow cell in a controlled manner, thus bringing the first fluid
(such as a sarﬁple) in selective contact with a sensing area within the flow cell.
For example, Figure 3A depicts flow cell 300 which is similar to the flow cell
200 of Figure 2A, but having sensing area 320 located approximately along the
center-line of the flow cell. In this embodiment, movement or displacement of
the interface may be used to bring the sample flow into contact with the sensing
area. More specifically, a sample flow (represented by arrow 350) and buffer
flow (represented by arrow 340) enter the flow cell, travel the length of the flow
cell under laminar flow conditions, and exit the flow cell as represented by arrow
360. For purpose of illustration, sample flow 350 is shaded. The flow rates of
the sample and buffer flows are selected such that interface 380 is at a position

within the flow cell such that the sample flow is not in contact with sensing area
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320. The sample and/or buffer flow rates are then adjusted to displace interface
380 to position interface 381 as shown in Figure 3B, thus bringing sample flow
350 into contact with sensing area 320. In this embodiment, the rise and fall
times, as discussed above, are limited only by the movement of the interface
from a first position not in contact with the sensing area (see interface 380 of
Figure 3A), to a second position such that the sample flow is in contact with the
sensing area (see interface 381 of Figure 3B). The volume of sample required to
move the interface from the first to second positions is a fraction of the volume
of the flow cell itself.

In another aspect of this embodiment, multiple sensing areas may
be employed within the flow cell. As illustrated in Figure 4A, flow cell 400 has
sensing areas 420 and 430, with sample flow (the shaded fluid depicted by arrow
455), buffer flow (depicted by arrow 465), and interface 470 such that the sample
flow is not in contact with either of sensing areas 420 or 430. The flow rates of
sample and buffer are then adjusted to bring sample flow 455 into contact with
sensing area 430 by movement of interface 470 in Figure 4A to a location
between sensing areas 420 and 430, as represented in Figure 4B as interface 471.
The advantages of moving the interface in this manner are as discussed above in
reference to Figures 3A and 3B. In addition, sensing area 420 in contact with the
buffer flow can be used for a variety of purposes as discussed below, including
use as an internal reference.

In another embodiment of this invention, a flow cell is disclosed
having more than two inlets. Representative of this embodiment is a flow cell
having three inlets as shown in Figure 5A, also referred to herein as a “‘¥ flow
cell”. Referring to Figure 5A, sample flow (depicted by arrow 535) enters ¥
flow cell 500 by middle inlet 531. A first flow (as depicted by arrow 525) enters
¥ flow cell 500 via inlet 521, and a second flow (depicted by arrow 545) enters
via inlet 541. All three flows travel through the flow cell, side-by-side and under
laminar flow, and exit the flow cell as represented by arrow 565. Again for

purpose of illustration, middle flow 535 and first flow 525 have been shaded.
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Thus, two interfaces 550 and 552 are present between the middle flow (e.g.,
sample flow) and the first and second flows (e.g., buffer flows). By adjusting the
relative flow rates of the three flows, both the position and width of the middle
flow may be selectively controlled. For example, as illustrated in Figure 5B,
middle flow 535 may be displaced toward the lower side wall of the flow cell by
appropriate control of the flow rates of first flow 525 and second flow 545.
Thus, interfaces 550 and 552 of Figure 5A are shifted to locations 551 and 553,
respectively, as shown in Figure 5B.

At low linear flow rates, the flow through both the Y and ¥ flow
cells is laminar and there is no active mixing of the fluid streams. In the context
of the Y flow cell, the two fluids pass through the flow cell at a common flow
rate, and the position of the interface is determined by the incoming flow rates.
The following Equation (11) describes the situation in a thin layer flow cell (i.e.,

a flow cell with a rectangular cross-section and with w>>h:

First Flow
First Flow + Second Flow

Interface = w- (11)
where w is the width of the flow cell and 4 is the height of the flow cell. Thus,
by varying the first and second flow rates, the interface may be moved across the
width of the flow cell.

With respect to the W flow cell, location of the two interfaces under
laminar flow conditions (i.e., “Interface 1” and “Interface 2”) may be controlled
in the flow cell by varying the first and second flow rates ("First Buffer Flow"
and "Second Buffer Flow") and sample flow rate ("Sample Flow") as

approximated by Equations (12a) and (12b).

First Buffer Flow+ Sample Flow
First Buffer Flow+ Second Buffer Flow+ Sample Flow

(12a)

Interface 1 =w

Second Buffer Flow
First Buffer Flow + Second Buffer Flow+Sample Flow

Interface 2 =w - (12b)
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where w is the flow cell width (and provided w>>h).

A more precise calculation of the position of the interface(s)
requires correction of the above equations with the expression for the velocity
profile (Brody et al., Biophyscial Journal 71:3430-3441, 1996). The velocity
profile is a parable with a velocity of zero close to the flow cell walls and
maximum velocity in the middle of the flow cell. Directing a middle flow with
two adjacent flows with equal flow rates places the middle flow in the center of
the flow cell (as illustrated in Figure 5A). However, if one of the two adjacent
flow has flow rate of, for example, 5% of the total flow rate, this flow will
actually occupy more than 5% of the cross sectional area of the flow cell. This is
because the linear flow rate close to the flow cell wall is slower than the linear
flow rate in the middle. The same volume flow rate requires a broader part of the
flow cell close to the wall than at the middle of the flow cell.

In addition, directing a sample flow within a flow cell using a
separate flow (e.g., a buffer) requires that the diffusion of the sample be limited
to the region close to the interface between the two flows. Otherwise, diffusion
will interfere with the directionality of the sample flow and, rather than two (or
more) distinct flows, a “smear” of sample and buffer will result. Since diffusion
is a time-dependent process, the linear flow rates of the sample and buffer should
be selected to limit diffusion in close proximity to the interface. Diffusion in a
flow cell can be viewed as a one-dimensional phenomenon since the
concentration gradient parallel to the interface is negligible. As long as the
concentration at the side walls in the flow cell is constant, the width of the flow
cell can be assumed to be infinite. The contact time at the interface is the same
as the time it takes for the flow to transfer a molecule through the flow cell at a
certain linear flow rate as illustrated in Figure 6, where t is the contact time
(sec.), fis the total volume flow rate (m3/sec), A is the cross sectional area of the
flow cell (m2), u is the linear flow rate (m/sec) and D is the diffusion constant
(m2/sec). Thus, contact time can be expressed as the length of the flow cell

divided by the linear flow rate, and the average diffusion width is approximately
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JDr . The dark area of Figure 6 corresponds to 100%, the gray area corresponds
to 100-50%, and the light gray area corresponds to 50-0% of the original sample
concentration.

The expression for concentration as a function of the distance and
time is derived from Fick’s second law, which has the solution of Equation (13)

for the one-dimensional diffusion encountered with a Y flow cell:

X

2 W
[erdp (13)
0

c(x,t)=% 1+7——

Va

In short, Equation (13) is the expression for concentration as a function of
distance and time, where x (distance) is measured perpendicular from the
interface (i.e., x is 0 at the interface). Similarly, in the context of the ¥ flow cell,
the expression for the concentration as a function of distance and time is given by

Equation (14):

x—Interfacel x—Interface2
CO 2 2V Di _ﬂz a5 2 2Dt ﬂzdﬂ
=2 = = e 14
c(x,1) 2 | I J € Jr 6[8 (14)

Figures 7A and 7B are a graphical representations of Equations (13) and (14),
respectively, for different contact times, where the x-axis is the distance x from
the interface as discussed above, and the y-axis is the relative concentration
(ranging from 0 to 100%).

In the preceding discussion, representative flow cells of this
invention are disclosed which are capable of controlling laminar flow within the
flow cell, particularly with respect to sample flow position and width. Such flow
cells have a variety of uses. In one embodiment, the flow cell may be used to
selectively contact a sample with a sensing area within the flow cell. In this
manner, a flow cell having multiple sensing areas may be utilized, with the

sample flow being selectively contacted with one or more of the sensing areas by
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the techniques discussed above. For example, Figures 4A and 4B discussed
above illustrate a flow cell having two sensing areas, with sample flow being
selectively contacted with one of the sensing areas. However, it should be
recognized that multiple sensing areas may be employed, and that the sample
flow may be selectively contacted with any of the sensing areas under conditions
of laminar flow.

In another aspect, the sample flow contains a ligand which is used
to sensitize a discrete sensing area within a flow cell. As used herein, “sensitize”
or ("sensitization") means any process or activation of the sensing area that
results in the sensing area being capable of specifically interacting with a desired
analyte. The resulting surface is referred to herein as a “sensitized sensing area”
or a “sensitized area.”

As used herein, the terms "ligand" and "analyte" are to be
construed broadly, and encompass a wide variety of interactions. For example,
the sensing area of the flow cell may be sensitized by immobilization of an
analyte-specific ligand thereto. Representative ligands in this context include,
but are not limited to, the following (in the following list, a representative
binding partner is parenthetically identified): antigen (specific antibody),
antibody (antigen), hormone (hormone receptor), hormone receptor (hormone),
polynucleotide (complementary polynucleotide), avidin (biotin), biotin (avidin),
enzyme (enzyme substrate or inhibitor), enzyme substrate or inhibitor (enzyme),
lectins (specific carboxyhydrate), specific carboxyhydrate (lectins), lipid (lipid
binding protein or membrane-associated protein), lipid binding protein or
membrane-associated protein (lipid), polynucleotide (polynucleotide binding
protein), and polynucleotide binding protein (polynucleotide), as well as more
general types of interactions such as protein (protein), protein (polynucleotide),
polynucleotide (protein), DNA (DNA), DNA (RNA) and RNA (DNA)
interactions, and interactions between small organic synthetic compounds and

proteins or nucleic acids.
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Suitable ligands also include various chemical compounds that may
be used, for example, to build a chemical library, including bifunctional
compounds. One skilled in the art will recognize that ligands of this invention,
and the corresponding analyte present in the sample flow, include a wide range of
molecules that may be used to generate a sensitized surface area to perform a
variety of tasks including, but not limited to, binding, hybridization,
combinational chemistry, and other complex formations on the sensing surface.
All such interactions are included within the scope of analyte-ligand interactions
as this term is used in the context of this invention. Further, such interactions
include, but are not limited to, covalent as well as non-covalent forces, such as
electrostatic, hydrophobicity, dispersion, van der Waals or hydrogen binding
forces, or any combination of the same.

As noted above, the location of the sample flow within the flow
cell, as well as the width of the sample flow, may be controlled in the practice of
the invention. This permits immobilization of a ligand in a narrow row within
the flow cell. For example, a gradient can be created within the flow cell by
selectively directing sample flow over the sensing surface during immobilization
of the ligand thereon. This aspect of the invention is illustrated in Figure 8
wherein Y flow cell 800 contains sensing areas 820, 830, 840 and 850. Sample
flow (depicted by arrow 865) and buffer flow (depicted by arrow 875) are
introduced into the flow cell, and flow therein under laminar flow éonditions,
exiting the flow cell as represented by arrow 885. Initially, sample flow is only
in contact with sensing area 820, with interface 825 between sample flow 865
and buffer flow 875 located between sensing areas 820 and 830. The sample and
buffer flows are then adjusted to bring the sample flow into contact with sensing
area 830, with interface 835 now located between sensing areas 830 and 840.
This is then repeated to bring interface 845 between sensing areas 840 and 850,
with sensing area 850 serving as a control. The length of time that the sample
flows over sensing areas 820, 830 and 840 yields a gradient with regard to the

amount of immobilized ligand bound to the surface of each sensing area. It
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should be noted that the various shades of gray of Figure 8 are intended to
illustrate the amount of bound ligand on each sensing area - that is, dark to light
represents a higher amount of bound ligand to a lower amount of bound ligand.
While this aspect of the invention is illustrated in Figure 8 as a step gradient, a
continuous gradient may similarly be generated

In an alternative embodiment, a Y flow cell may be employed to
sensitize discrete sensing areas with different ligands. As illustrated in Figure 9,
sensing areas 910 and 911 may be sensitized with different ligands by
introducing a first sample flow containing a first ligand (depicted by arrow 920)
into flow cell 900 under laminar flow conditions with a second flow (depicted by
arrow 930). In this manner, sensing area 911 is sensitized with the first ligand.
Second flow 930 may, in one embodiment, be a buffer flow or, in another
embodiment, be a second sample flow containing a second ligand, in which case
sensing area 910 is sensitized with the second ligand simultaneously with
sensitization of sensing area 911 with the first ligand. When the second flow is a
buffer flow, the buffer flow may be subsequently replaced with the second
sample flow, in which case sensing area 910 is sensitized with the second ligand
subsequent in time to sensing area 911 being sensitized with the first ligand. In
this embodiment, the first sample flow may remain, or be substituted with a first
buffer flow.

In the context of a ¥ flow cell, further sensitization permeations
are possible. For example, two or more sensing areas may be sensitized with the
same or different ligands by selectively positioning the sample flow containing
the ligand within the flow cell. Thus, in one embodiment, three sensing areas
may be sensitized with the same or different ligand as illustrated in Figure 10.
Referring to Figure 10, a sample flow (depicted by arrow 1010 and shaded for
purpose of illustration) containing a first ligand is directed within flow cell 1000
between a first and a second flow (depicted by arrows 1011 and 1012,
respectively) such that sensing area 1820 is sensitized with the first ligand.

Sensing areas 1021 and 1022 may then be sensitized by directing sample flow
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1010 within the flow cell such that it contacts the desired sensing area, thereby
sensitizing the same with the ligand contained within the sample flow. In this
manner, a number of sensing areas may be sensitized within the flow cell by any
number of desired ligands.

In a further embodiment, a second sample flow may be passed over
the sensing surface within the flow cell at some angle, typically perpendicularly
to a first sample flow, thereby generating overlapping sensing areas. This
embodiment is generally referred to herein as a two-dimensional or "2D" flow
cell. Use of such 2D flow cells in the practice of this invention permits
sensitization of overlapping sensing areas within a flow cell. A representative
2D flow cell of this invention is illustrated in Figure 11A. This figure represents
the combination of two V¥ flow cells (a "2D ¥ flow cell"), such that the sample
flows are at right angles to each other. While Figure 11A depicts a 2D ¥ flow
cell, it should be understood that a 2D Y flow cell may similarly be employed, or
a 2D V¥ flow cell having more inlets than the six depicted in Figure 11A (i.e., 3
inlets times 2 W flow cells), or any combination of Y and ¥ flow cells having
any number of inlets.

Referring to Figure 11A, flow cell 1100 has buffer inlets 1122,
1123, 1126 and 1127, and sample inlets 1130 and 1132. A first sample flow
(depicted by arrow 1131) passes through the flow cell and exists via outlet 1150.
Similarly, a second sample flow (depicted by arrow 1133) can be applied
sequentially by passing through the flow cell at an angle relative to the first
sample flow, in this case perpendicularly, and exits via outlet 1152. Location and
width of the first and second sample flows are controlled in the manner disclosed
above with regard to the W-flow cell. Referring to Figure 11B, a side view of
Figure 11A is presented. The flow cell has a central plateau 1140 which directs
the first and second sample flows to contact sensing surface 1160. In the case of
Figure 11B, first sample flow 1131 is depicted.

By employing a flow cell of this invention, a wide variety of

sensitized sensing areas may be generated. For example, the 2D ¥ flow cell of
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Figure 11A may be used to make sensitized matrices as illustrated in Figure 12.
Figure 12A shows a sample flow (depicted by arrow 1210) containing a first
ligand being directed across sensing surface 1220 to yield sensitized area 1222,
as shown in Figure 12B. A second sample flow containing a second ligand is
directed across sensing surface 1220 as depicted by arrow 1230 of Figure 12C, to
yield sensitized area 1240, as represented in Figure 12D, which overlaps with
sensitized area 1222. This overlapping area is thus sensitized with two different
ligands applied sequentially.

It will be recognized that such selective sensitization of a sensing
surface permits a multitude of sensitization options. For example, to the extent
that the second ligand contained within second sample flow 1230 of Figure 12C
interacts with the first ligand of sensitized area 1222, the resulting overlapping
area 1260 may be depicted as in Figure 12E. In short, a discrete area upon the
sensing surface has been sensitized with a first ligand, followed by a second
ligand. If the first ligand is, for example, a bifunctional reagent immobilized on
the sensing surface, the second ligand may react with the immobilized reagent to
yield an area or "spot" on the sensing surface that has been selectively modified
with an immobilized bifunctional reagent (i.e., the first ligand), with a second
ligand bond thereto.

Similarly, as illustrated in Figure 13A, by directing different flows
(depicted by arrows 1310, 1320 and 1330), each containing a different ligand,
sensitized areas 1311, 1321 and 1331 of three different immobilized ligands are
generated on sensing surface 1350 as shown in Figure 13B. Referring to Figure
13C, three sample flows depicted by arrows 1360, 1370, and 1380, each contain
the same or different ligands, are directed across sensing surface 1350, yielding
sensitized areas 1391, 1392 and 1393. In this manner, each overlapping
sensitized area of Figure 13D is analogous to the sensitized surface depicted in
Figure 12D, and may further be represented as sensitized areas 1370 through
1378 as shown in Figure 13E.
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One skilled in the art will readily appreciate the wide range of
applications that such a two-dimensional matrix affords. Basically, any
interaction that may be captured at discrete locations on the sensing surface of
the flow cell may be measured. For example, a representative interaction is that
of DNA sequencing by hybridization wherein the matrix may be prepared by the
following coupling procedures using laminar fluid flows in two dimensions as
disclosed above. First, the sensor surface (such as a dextran-coated surface
having streptavidin bound thereto) has a ligand immobilized thereon (such as
biotinylated DNA oligonucleotides) in defined bands 1311, 1321 and 1331 as
illustrated in Figure 13B.  Such bands are generated by passing sample flows
1310, 1320 and 1330 over sensing surface 1350 as illustrated in Figure 13A, with
each sample flow containing a different biotinylated oligonucleotide.
Complementary DNA oligonucleotides are then directed across the sensor
surface as illustrated by arrows 1360, 1370 and 1380 in Figure 13C, yielding a
pattern of immobilized complementary DNA oligonucleotide as shown in
Figure 13E, wherein each area (1370 through 1378) represents a different
immobilized complementary DNA.

The liquid flow containing the active reagent can be positioned to
any width, from the whole width of the sensor area to very narrow dimensions.
Different liquids and reaction conditions can be applied in the liquid streams that
position the reagents. Such situations can be used to protect active intermediates
formed when neighboring lines are formed before the second dimension reagents
are introduced. In fact, this invention may be used to perform any kind of
chemical syntheses on defined areas on a sensor surface. Organic solvents may
be used where reagents are difficult to dissolve in water. It is also possible to use
the diffusion of substances from organic solvents into water phases in the flow
system in order to protect, for example, proteins from denaturation in contact
with organic liquids. Further, chemical libraries can be produced by stepwise
reactions on sensor surfaces. Complex molecules may be built with relatively

few molecular building blocks. This invention may also be used for building
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polymers in defined areas on a sensor surface, such as peptides or
oligonucleotides, in defined sequences. By using protection or deprotection in
the different dimensions, as well as larger or smaller areas for the activation,
defined sequences can be built.

Another application of this invention is for studying how multiple
biomolecular complexes are formed and how they function. One example is
epitope mapping of an antigen to find the binding sites for a series of antibodies
in relation to each other. By the procedure described for two-dimensional
building of reaction areas, epitope mapping may thus be performed. This can, for
example, be done by directly measuring the interactions for the formation of
complexes by techniques such as SPR detection, or analysis of bound material
after the last molecule has been introduced by fluorescence. An exemplary
procedure is as follows: on a surface covered with RAMFc antibody, different
lines are formed in one direction for all analyzed antibodies directly from culture
fluid; the whole surface is covered by blocking antibody by one interaction by an
irrelevant antibody; the whole surface is covered by antigen that absorbs to all
lines with immobilized primary monoclonal antibody; in the second dimension,
the same antibodies are introduced and the formed complex for the second
interaction for each area is measured; and regeneration of the whole surface is
performed. Another situation of a similar type is when a series of, for example,
proteins form an active complex and the order of adsorbing substances is critical.
Different combinations of substance introduction can be introduced and the
resulting reaction pattern observed.

In a further aspect of this invention, sensing surfaces are disclosed
having one or a multiple of sensitized sensing areas thereon. Such sensing
surfaces may be used for a wide variety of applications. For example, such
surfaces may be sensitized with a different ligand at each sensitized area. A
sample may then be contacted with all the sensitized areas and, based on the
position of the sensitized area on the sensing surface, interaction between the

sample and any given ligand determined. Contacting the sensing surface with the
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sample in this embodiment need not occur within a flow cell since the entire
surface may be contacted with the sample. Alternatively, if selective contacting
of the sensing surface with the sample is desired, such contacting may occur
within a flow cell of this invention.

In another aspect of this invention, a sample flow is directed by
laminar flow techniques over a sensing surface having one or more discrete
sensing areas. As discussed above with regard to sensitization with a sample
flow containing a ligand, a sample flow containing an analyte (as opposed to a
ligand) may be directed by the laminar flow techniques of this invention across a
sensitized surface (which can be sensitized by the laminar flow technique of this
invention or other techniques) thereby allowing interaction with ligands on the
sensing area. The laminar flow techniques described herein achieve extremely
fast rise and fall times which make it possible to measure fast reaction kinetics in
addition to standard binding analysis.

In this regard, and in one embodiment of this invention, movement
of the interface may be used to bring a sample flow containing an analyte into
contact with a sensing area. This may be illustrated by reference to Figure 3A.
Referring to that figure, Y-flow cell 300 has sensitized sensing area 320, and
sample flow (the shaded fluid depicted by arrow 350) and buffer flow (depicted
by arrow 340) are adjusted such that interface 380 is at a position within the flow
cell such that the sample flow is not in contact with the sensitized sensing area.
The sample and buffer flow rates are then adjusted to move the interface to
position 381 as shown in Figure 3B, thus bringing sample flow 350 into contact
with sensitized sensing area 320. In this embodiment, the rise and fall times, as
discussed in greater detail above, are limited only by the movement of the
interface from a first position not in contact with the sensing area (see Figure
3A), to a second position such that the sample flow is in contact with the sensing
area (see Figure 3B). The volume of sample required to move the interface from
the first to second positions is a fraction of the volume of the flow cell itself.

Thus, instead of shifting from buffer flow to sample flow with valves at some
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distance from the sensing area (e.g., a volume of about 0.5 pl for the BIAcore
instrument), the interface can be moved with only a fraction of the volume of the
flow cell (e.g., 0.05 ul). Since the rise time is proportional to the volume that has
to be displaced, a tenfold decrease in volume reduces the rise time by about 10
fold. Similar advantages are achieved with shorter fall times.

Such fast rise and fall times are of necessity when measuring fast
reaction kinetics. For example, the techniques of this invention may used to
study association and dissociation. In one embodiment, an analyte may be
passed over a sensitized sensing area. The sample flow may then be displaced
from contact with the sensitized sensing area, and the dissociation rate can be
detected. Alternatively, a sample flow may be rapidly displaced onto a sensitized
sensing area, thereby allowing for the detection and analysis of association
kinetics.

In another embodiment of this invention, multiple sensing areas
may be employed within a single flow cell for purposes of analysis. In one
aspect, the flow cell may contain two sensing areas. As illustrated in Figure 4A,
flow cell 400 has sensing areas 420 and 430, with sample flow containing analyte
(the shaded fluid depicted by arrow 455), buffer flow (depicted by arrow 465),
and interface 470 such that the sample flow is not in contact with either of the
sensing areas. The flow rates of buffer and sample are then adjusted to bring
sample flow 455 into contact with sensing area 430 by movement of interface
470 to a location between sensing areas 420 and 430, as depicted in Figure 4B as
interface 471. The advantages of moving the interface in this manner are as
discussed above. Further, because the multiple sensing areas are located in close
proximity within the same flow cell, time lag and temperature variations between
the two sensing areas are negligible, which increases the reliability and accuracy
of sample analysis.

Moreover, the ability to control location of the sample flow within
the flow cell, in combination with multiple sensing areas, permits a wide range of

applications. For example, still referring to Figures 4A and 4B, sensing area 420
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may be a non-sensitized or sensitized sensing area. Thus, sensing area 420 of
Figures 4A and 4B may be used as a non-sensitized or blank control (i.e., with no
surface immobilized ligand), or a sensitized control (i.e., with immobilized ligand
bound thereto). A blank control can detect non-specific binding to the sensing
area (e.g., to the dextran matrix), while a sensitized control will provide
information about non-specific binding to both matrix and immobilized ligand.
In this manner, bulk effects and non-specific binding can be “subtracted out”.
Such subtraction is best achieved when the immobilization levels of the ligand
are the same for the sensitized sensing area and sensitized control. This is
particularly important when high immobilization levels are used (e.g., when the
analyte is a small molecule). This aspect of the invention is further illustrated in
Example 5.

In another embodiment of this invention, multiple sensing areas
may be employed in a variety of methods. For example, as illustrated by Figures
14A and 14B, flow cell 1400 may have ligand immobilized on sensitized sensing
areas 1440 and 1460, and non-sensitized sensing area 1450. The ligand
immobilization may be accomplished using techniques described above to direct
the sample flow containing the ligand over the sensing surface. However, one
skilled in the art will recognize that sensitization of the sensing areas, prior to
probing with sample flow containing analyte, may be effectuated by methods
other than the laminar flow techniques herein disclosed. For example, discrete
sensitized sensing areas may be made by currently known techniques, such as
surface modification techniques using masking (e.g., photolithography). A
sample flow containing an analyte may then be directed into the flow cell as
represented by arrow 1430, such that the sample flow contacts sensing areas
1440, 1450 and 1460. In this manner, non-sensitized sensing area 1450 may
serve as a control, and sensitized sensing areas 1440 and 1460 may have the
same or different ligands associated therewith. This technique has particular

advantage in analysis of fluids containing multiple analytes, such as analysis of
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body fluids, which analytes could be analyzed simultaneously using this
technique.

Alternatively, as illustrated in Figure 14B, flow cell 1400 may have
ligand immobilized on sensitized sensing areas 1450 and 1460, with sensing area
1440 serving as a non-sensitized control. Both a sample flow, containing
analyte, (depicted by arrow 1432 and shaded for purposes of illustration) and a
buffer flow (depicted by arrow 1434) may be directed into the flow cell such that
the sample and buffer flow interface 1465 is between sensing areas 1460 and
1450. In this manner, sensitized sensing area 1450 serves as the principle
analyses area, with sensing areas 1440 and 1460 both serving as controls (i.e.,
sensing area 1440 - sample flow, no immobilized ligand; sensing area 1460 -
buffer flow, with immobilized ligand). In this embodiment displacement of the
sample flow containing the analyte over multiple discrete sensing areas can be
accomplished. Therefore, independent analysis of analytes contained within a
sample flow may be done nearly simultaneously by merely displacing the sample
flow over the sensing area of interest. This could also be accomplished using
multiple buffer and sample flows.

The above techniques also allow for the detection of ion exchange
in the flow cell (see Example 3). More specifically, diffusion over the interface
can be used for membrane-free dialysis (e.g., small molecules will diffuse across
the interface faster than large molecules). By employing a chromatography
eluent (e.g., in-line or sample fractions) as the sample flow, the salt content (e.g.,
jonic exchange chromatography) or organic solvent content (e.g., reverse phase
chromatography) will vary. This variation permits direct detection by injection
and in-situ dialysis in the flow cell, thus avoiding dilution or pre-dialysis of the
sample.

In a further embodiment, an analyte that is difficult to solve in a
water phase may be passed through the flow cell in an organic sample flow,
allowed to diffuse into an adjacent water flow, and then used in one or more of

the techniques set forth above.
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The following examples are offered by way of illustration, not
limitation.
EXAMPLES

Example 1
REPRESENTATIVE FLOW CELLS

This example discloses representative flow cells, as well as the use
thereof in the context of this invention. In particular, different Y and ¥ flow
cells are illustrated.

A representative Y flow cell uses the inlets to flow channels 1 and
2, and the outlet to flow channel 2 of a commercially available IFC 4 for a
BlAcore 1000 system (BIACORE AB, Uppsala, Sweden). Referring to Figure
15, sample flow enters Y flow cell 1500 from inlet 1510, and the buffer enters
the Y flow cell from inlet 1520. Both sample and buffer exit the Y flow cell via
outlet 1530. Both sample and buffer flows are directed into the flow cell by
cutting an additional channel in the IFC 4 to allow both sample and buffer to be
run through the flow cell simultaneously. The volume of the Y flow cell is 180
nl (i.e., three times the volume of commercially available BIAcore flow cells).

A representative one dimensional ("1D") ¥ flow cell is depicted in
Figure 16, where sample flow enters ¥ flow cell 1600 via inlet 1610, with buffer
flows entering by inlets 1670 and 1630, and all flows exiting outlet 1640. The ¥
flow cell is made in PMMA, and employs Pharmacia 500 pumps with 500 ul

Hamilton syringes for delivery of fluid flow to the flow cell.
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Example 2
DIFFUSION OF FLUID FLOWS

This example summarizes experiments directed to diffusion of fluid
flows as they pass through the representative ¥ flow cell of Example 1. As
mentioned above in the context of Figure 6, directing fluid flows within a flow
cell under laminar flow requires diffusion of the sample to be limited to a region
close to the interfere between the flows. If this is not the case, diffusion will
interface with the directionality of the sample flow and, rather than distinct flows,
a "smear" of flows will result.

In this experiment, diffusion width is determined after about 0.3
seconds, which is the time it takes to transport a molecule through the flow cell
of the BIAcore instrument at a flow rate of 10 pl/min. The diffusion width (see
Figure 17A) was measured as the width of a color change of an indicator as
measured by ocular inspection with a Panasonic WV-Ks152 video camera and a
microscope mounted to the work processor. The diffusion width for different
contact times at the interface was fitted with ¥Dt-C, where C is a dimensionless
constant fitted for each pH (see Figure 17B). The experimental diffusion width
was then estimated for different contact times from the fitted constant C.

Table 1 shows the experimental results and the theoretically
calculated values for the diffusion of protons. The theoretical values are
calculated with Equation (14). The pH change required to obtain a color shift
was measured with a pH meter and ocular inspection. In these experiments, the
required pH change was 0.4 pH units for phenol red (PR) and 0.6 pH units for
bromophenol blue (BB). Since concentration change perceived as a color change
in a 100 ml container may not be the same as for a thin layer flow cell, the
theoretical diffusion width for BB is calculated for three different concentration
changes (ie., pH shifts). The column “diffusion of indicator” in Table 1
describes the broadening of the color change band due to the diffusion of

indicator into the acid fluid. The errors in the PR and the BB part of Table 1
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show an increasing tendency as the pH difference between the two fluids
decreases. This behavior is believed to be due to a flattening of the concentration
gradient as the concentration difference between the two fluids decreases. A
steep concentration gradient makes a sharp color change, while a flat
concentration gradient makes a diffuse color change. Consequently, an incorrect
estimation of the required pH change for a color shift will give increasing errors

as the concentration difference between the two fluids decreases.
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Table 1
Diffusion of Protons into the Indicators Phenol
Red and Bromophenol Red
Phenol Red 2.8 mM (pKa=7.9, D=3.4*10"")
Experimental Theoretical Error
HCLpH | C Exp. PH Conc. Theo. Indicator Absolute | Relative
width (um)] {change| change (%) | width (pm)-]| diffusion (um)

0,086 4,6 249 0,4 22.5 243 16 -10 -0,04
1,08 3,5 189 0,4 22.5 187 16 -14 -0,07
1,9 2,9 157 0,4 22.5 127 16 14 0,09

1,04 (20% | 2,8 157 0,4 22.5 144 12 1 0,01
Glycerol)

1,04 (40% | 2,2 123 0,4 22.5 100 8 15 0,12
Glycerol)

Bromophenol Blue 1.4 mM (pKa=4.1, D=2.71*10""°)
Experimental Theoretical Error
HCLpH | C Exp. PH Conc. Theo. Indicator Absolute| Relative
width (um) |change| change (%) | width (um) | diffusion (um)

0,086 4,4 247 2 82 231 14 2 0,01

1 50 242 14 -9 -0,04

0,6 33 257 14 -24 -0,10

1,08 3,4 191 2 82 171 14 6 0,03
1 50 186 14 -9 -0,05

0,6 33 199 14 -22 -0,12

1,9 2 112 2 82 105 14 -7 -0,06
1 50 126 14 -28 -0,25

0,6 33 144 14 -46 -0,41

In Table 1 above, C is a constant from the fit of ¥YDt-C to the

experimental measured diffusion widths, “Exp. width” is the diffusion width of

protons into the indicator fluid obtained from the experimental data at the time

0.3 sec. (corresponding to the time it takes to transport a molecule through a

BIAcore™ flow cell at a flow rate of 10 ul/min) and “pH change” in the

theoretical part is the required pH change during an ocular inspection of the

indicator fluid. In the BB part the theoretical diffusion width is calculated for

three different pH changes because the color change of the BB was difficult to

estimate. The column “conc. change” is the corresponding concentration change

to the estimated pH change (i.e., how many indicator molecules that have to be
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proteolysed before a color change could be seen), and “theo width” is the
theoretical diffusion width calculated from the required concentration change for
a color change of the indicator. The diffusion of the indicator into the acid fluid
is calculated in the column “Indicator diffusion.”

The pH for PR was adjusted 1.0 pH units below pKa for PR, while
the pH for BB was adjusted 0.1 pH units below the pKa. Therefore, the required
concentration change for a color change is larger for BB than for PR. The
difference in adjusting the pH for the indicators arises from the difficulties to
distinguish between the blue, blue-green-yellow and the yellow color for BB.
The estimation that 0.6 pH units is enough for a color change of BB may not be
accurate, and more probable is that the required concentration change was
between 1 and 2 pH units. The results in Table 1 show that the derived theory
may be used to predict the diffusion in the thin layer flow cell. Further, the tests
with phenol red show that it is possible to calculate the diffusion in more viscose
media like glycerol with desirable precision.

To this end, Figure 18 shows the calculated diffusion width for
some proteins of various size, as well as some small molecules, while Table 2
gives the calculated diffusion width in numbers. Further, Table 2 provides the
information that is needed to calculate how many narrow bands of immobilized
molecules that can be placed on the sensing surface within the flow cell.
Looking at IgG, for example, at a flow rate of 100 pl/min and a separation of
0.1%, the diffusion width between the interface and 0.1% is 5 pm and the width
between the interface and 99.9% is also 5pum. If 99.9% of the original
concentration is needed for detection in a band with a width of 10 pm, then the
separation width is 30 pm (see Figure 19). 30 pm narrow bands in flow cells
having a width of 500 pm gives 16 possible bands in the flow cell. The same
calculation for sucrose gives 10 bands in the flow cell. It should be noted,
however, that the number of bands can be increased be employing a shorter
sensing area, which will result in a decrease in the diffusion width, and thus an

increase in the number of potential bands within the flow cell.
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Table 2
Diffusion Width (um) for Some Proteins and Small Molecules
Protein/Molecule Mw D ([m*s)] | Flow 10 (ul/min) Flow 100 (ul/min)
0.1% | 1% | 10% | 0.1% | 1% | 10%
Urease 490,000 | 3,40E-11 14 11 6 5 3 2
Immunoglobulin (IgG) | 156,000 | 4,00E-11 15 12 6 5 4 2
Serum albumin 64,000 6,15E-11 19 15 8 6 5 3
Bovine insulin 12,000 1,50E-10 30 23 13 10 7 4
Sucrose 337 5,20E-10 56 42 24 18 13 8
Na* 11 1,33E-09 90 68 38 28 21 12
H” 1 9,31E-09 240 180 | 100 75 57 31
Example 3

ION EXCHANGE/ON-LINE DIALYSIS

The Figure 20 shows how an ion exchange or an on-line dialysis
may be performed employing the techniques of this invention. Figures 20A and
20B illustrate ion exchange with low ion concentration in the adjacent buffer.
Figures 20C and 20D demonstrate ion exchange when the ion concentration in
the adjacent buffer is high. The panels shown in Figure 20 are for two different
flow rates: 10 pl/min in Figures 20A and 20C, and 100 pl/min in Figures 20B
and 20D. The distance between the two interfaces is 12 um in 20A, 20B, 20C
and 20D. Referring to Figure 20A, the flow rate is 10 pl/min and the
concentration of salt and protons for the adjacent buffer is low. The salt
concentration in the sample flow decreases to 10% and the proton concentration
decreases to 6% of the original concentration. In Figure 20B the flow rate is
100 pl/min, the salt concentration in the sample flow decreases to approximately
30% of the original concentration, and the proton concentration decrease to
approximately 20% of the original concentration in the sample. In Figures 20C

and 20D the adjacent buffer has a high concentration of salt and protons.
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Example 4
EXCHANGE RATES FOR REPRESENTATIVE FLOW CELLS

A sucrose solution (5% by weight) was used to measure the liquid
exchange rate in the representative Y flow cell of Example 1 (see Figure 15), and
compared with a flow cell of a commercially available BIAcore 2000 (referred to
as an "IFC 3 flow cell") and from a commercially available BIAcore 1000
(referred to as an "IFC 4 flowcell"). The IFC 3 and IFC 4 flow cells are both 60
nl in volume, but different with respect to the channels that lead to the flow cells
and to placement of the valves. In this experiment, reference to the IFC 3 and
IFC 4 flow cells include the channels, valves and 60 nl flow cells.

The rise time was measured as the time it takes to reach 99% of the
plateau value for different flow rates through the tested flow cells. Plotting the
rise time against the flow rate, and fitting this curve with Equation (9) gives a
constant V,. With this constant it is possible to calculate both the liquid
exchange rate for different flow rates and the liquid exchange rate constant for
the flow cell.

A fast liquid exchange during the rise in the Y flow cell was
accomplished as follows. Before the sample was introduced into the flow cell
only buffer was running through the flow cell. The sample flow valves shifted
and the sample entered the flow cell. The sample flow filled up only a narrow
part of the flow cell. At the liquid exchange, the valve to the buffer flow closed
and the sample flow displaced the buffer and filled up the flow cell. The fall was
done in the same way as the rise. The buffer entered the flow cell and filled up
only a narrow part of the flow cell. The sample flow valve closed and the buffer
flow displaced the sample fluid. The time it took to cover up the sensing area
corresponded to the movement of the interface over the sensing area and the
dispersion of the interface. In this context, the sensing area was an
approximately 1.6 mm by 0.17 mm area located between inlet 2 and outlet 2 of

Fifugre 15 (with the total sensing surface being roughly 2.4 mm by 0.8 mm).
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Figures 21A and 21B compare the sensorgrams for the Y, IFC 3
and IFC 4 flow cells. To obtain an experimental relation between the rise time
and the flow rate the rise time to 99% of the steady state concentration was
measured and plotted versus the sample flow (see Figure 21C) according to
Equation (9).

Equation (10) was used to calculate the liquid exchange rate
constant for different flow rates. To get a valid estimate of the reaction rates,
KLgx >> than the on-rate and the off-rate. The larger Ky gx the faster kinetics
can be measured. The results of this calculation are present in Figure 22 which
shows a comparison of the liquid exchange rates for the different flow cells at
different flow rates.

In the BIAcore IFC 3 and IFC 4 flow cells the interface is rinsed
out over the length of the sensing area and the length of the detection area is 10
times the width. In the Y flow cell the interface is displaced over the sensing
area in a direction parallel to the width of the flow cell (i.e., transverse to the side
wall). Thus, the distance that the interface must travel is 10 times less than for
the IFC 3 or IFC 4 flow cells. This movement transverse to the flow direction,
combined with the small dispersion in the Y flow cell, explains why the
exchange of fluids can be done much faster in the Y flow cell.

The faster liquid exchange during the rise for the Y flow cell than
for the fall (see Figure 22) is due to the fact that the required sample flow is
lower before the rise than during the fall relative to the total flow in the flow cell.
The higher flow before the fall for the Y flow cell is required to cover the sensing
area ( i.e., the interface is further away from the sample flow inlet). The buffer
flow valve in the IFC 3 and IFC 4 flow cells is placed closer to the flow cell than
the sample flow valves (i.e., the dispersion in the IFC3 and 4 flow cells is less for
the liquid exchange to buffer flow than for the liquid exchange to sample flow).
These two effects together explain the improvement of the rise compared to the
fall.
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Example 5
SENSITIZATION AND ANALYSIS

This experiment illustrates the use of a representative Y flow cell
of this invention to immobilize two different ligands on discrete sensing areas.
Immobilization was done with two fluid flows passing through the flow cell side-
by-side under laminar flow conditions. A BIACore 2000 was employed for this
experiment, using the Y flow cell of Figure 15. Figure 23A shows the result of
the immobilization of a first ligand (i.e., biotinylated oligonucleotide 15-mer,
called "R1") over sensing area 1 and the outline of the Y flow cell during the
immobilization. During the immobilization there were no responses from
sensing areas 2 and 3. The sensorgram shows a bulk effect from the
immobilization flow, but not from the buffer flow over sensing area 2 and 3.
During the immobilization of a second ligand (i.e., a different biotinylated
oligonucleotide 15-mer called "R2") over sensing area 3, there was no response
from sensing areas 1 and 2, as shown by Figure 23B. These sensorgrams clearly
show that the Y flow cell is very good for immobilization of two different ligands
in a single flow cell.

Figure 23C shows the injection of an analyte (i.e., a oligo 16-mer,
called "R4", complementary to R1). The entire sensing surface was contacted
with the analyte. Even though the analyte was in contact with both of the
sensitized areas (i.e., sensing areas 1 and 3), only the specific interaction with
sensing area 1 gave a response. The non-interacting ligand and the non-
sensitized area can be used as references. Figure 23C shows a bulk effect from
all the sensing areas, this bulk effect is subtracted out in Figure 23E. Figure 23D
shows the injection of a different analyte (an oligo 16-mer complementary, called
"R5", complementary to R2). The bulk effect is around 100 RU, but the bulk
effect may be subtracted as shown in Figure 23F.
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From the foregoing, it will be evident that, although specific
embodiments of the invention have been discussed herein for purpose of
illustration, various modifications may be made without deviating from the spirit

and scope of the invention.
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CLAIMS

We claim:

1. A method of sensitizing a sensing surface arranged to be passed
by a liquid flow within a flow cell, comprising:

providing a laminar flow of a first sensitizing fluid and a laminar flow of
a second fluid adjacent to the flow of the first sensitizing fluid such that the two
laminar fluids flow together over the sensing surface with an interface to each other, at
least said first sensitizing fluid being capable of sensitizing the sensing surface, and

adjusting the relative flow rates of first sensitizing fluid and second fluid
to position the interface such that the first sensitizing fluid contacts a discrete sensing

area of the sensing surface for selective sensitization thereof.

2. The method according to claim 1 wherein the second fluid does
not interact with the sensing surface to thereby produce a sensitized area and a

non-sensitized area on the sensing surface.

3. The method according to claim 1 wherein, in a further step, the
first sensitizing fluid is replaced by a fluid that does not interact with the sensing
surface, and the second fluid is replaced by a second sensitizing fluid that is capabie of
sensitizing the sensing surface differently than the first sensitizing fluid to produce two
differently sensitized areas, optionally spaced apart by a non-sensitized area on the

sensing surface.

4. The method according to claim 1 wherein the relative flow rates
of the laminar flows are varied to displace the interface laterally and provide a

gradient-sensitized area on the sensing surface.
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5. The method according to claim 1 wherein the relative flow rates
of the laminar flows are continuously varied to provide a continuous

gradient-sensitized area on the sensing surface.

6. The method according to claim 1 wherein an additional laminar
flow of a third fluid is provided on the other side of the flow of the first sensitizing
fluid so that the laminar flow of the first sensitizing fluid is sandwiched between the

laminar flows of the second and third fluids.

7. The method according to claim 6 wherein the second and third

fluids are not capable of sensitizing the sensing surface.

8. The method according to claim 7 wherein the method is repeated
with at least one different sensitizing first fluid and with varied relative flow rates of
the second and third fluids to provide at least two adjacent sensitized surface areas on

the sensing surface.

9. The method according to any one claims 1-8 wherein
sensitization of the sensing surface comprises immobilizing an analyte-specific ligand

to the sensing surface.

10.  The method according to claim 9 wherein the analyte-specific
ligand is selected from the group consisting of antigen, antibody, antibody fragment,
oligonucleotide, carbohydrate, oligosaccaride, receptor, receptor fragment,
phospholipid, protein, hormone, avidin, biotin, enzyme, enzyme substrate, enzyme

inhibitor and organic synthetic compound.

11.  The method according to claim 1 or 6 wherein the first sensitizing

fluid sensitizes an area on the sensing surface, and a second sensitizing fluid is applied
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transversely to the direction of the first sensitizing fluid to yield an overlapping

sensitized area on the sensing surface.

12.  The method according to claim 11 wherein the first sensitizing
fluid sensitizes an area on the sensing surface, and at least two different second
sensitizing fluids are applied transversely to the direction of the first sensitizing fluid

to yield at least two overlapping sensitized areas on the sensing surface.

13.  The method according to claim 11 wherein at least two different
first sensitizing fluid sensitized at least two parallel areas on the sensing surface, and
at least two different second sensitizing fluids are applied transversely to the direction
of the first sensitizing fluid to yield a matrix of overlapping sensitized areas on the

sensing surface.

14.  The method according to any one of claims 11-13 wherein at least
the ligand of the first sensitizing fluid or the second sensitizing fluid is an analyte-

specific ligand.

15.  The method according to claim 14 wherein the analyte-specific
ligand is selected from the group consisting of antigen, antibody, antibody fragment,
oligonucleotide, carbohydrate, oligosaccaride, receptor, receptor fragment,
phospholipid, protein, hormone, avidin, biotin, enzyme, enzyme substrate, enzyme

inhibitor and organic synthetic compound.

16.  The method according to any one of claims 11-13 wherein at least
the ligand of the first sensitizing fluid or the second sensitizing fluid is a bi-functional

ligand.
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17. A sensitized sensing surface made according to the method of any

one of claims 1-16.

18. A method of analyzing a fluid sample for an analyte, comprising
sensitizing a discrete sensing area on a sensing surface by the method according to any
one of claims 1-16, contacting the sensing area with the fluid sample, and detecting

interaction between the analyte and the sensing area.

19. The method according to claim 18 wherein at least one

non-sensitized area on the sensing surface is used as a reference.

20. The method according to claim 18 wherein at least one sensitized

area on the sensing surface is used as a reference.

21. A method of analyzing a fluid sample for an analyte, comprising:

providing a flow cell having a sensing surface associated therewith,
wherein the sensing surface has at least two discrete sensing areas thereon; and

selectively contacting the fluid sample with at least one of the discrete
sensing areas by passing the fluid sample through the flow cell under laminar flow
conditions with a second fluid, wherein selective contact with the at least one discrete
sensing area is controlled by adjusting the relative flow rates of the fluid sample and

the second fluid.

22.  The method according to claim 21 wherein the fluid sample
passes through the flow cell under laminar flow conditions with the second fluid, and
further with a third fluid located on the other side of the flow of the sample fluid so
that the laminar flow of the sample fluid is sandwiched between the second and third

flows.
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23.  The method according to claim 21 wherein the relative flow rates
of the sample fluid and the second flow are adjusted to bring the sample fluid into
contact with one of the at least two discrete sensing areas that was not previously in

contact with the sample fluid.

24.  The method according to claim 22 wherein the relative flow rates
of the second and third flows are adjusted to bring the sample flow into contact with
one of the at least two discrete sensing areas that was not previously in contact with

the sample fluid.

25.  The method according to claim 21 or 22 wherein one of the at

least two discrete sensing areas is a sensitized sensing area.

26.  The method according to claim 21 or 22 wherein one of the at

least two discrete sensing areas is a sensitized reference area.

27.  The method according to claim 21 or 22 wherein one of the at

least two discrete sensing areas is a non-sensitized reference area.

28.  The method according to claim 27 wherein the non-sensitized

area was previously a sensitized sensing area.

29. A method of analyzing association of an analyte in a fluid sample,
which method comprises:

providing a flow cell having a sensing area on a wall surface thereof, the
sensing area being capable of interacting with the analyte;

passing fluid sample in a first laminar flow through the flow cell;
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passing analyte-free fluid in a second laminar flow through the flow cell,
the second laminar flow being adjacent to the first laminar flow and forming an
interface therewith which extends along the wall surface;

in a first state, setting the relative flow rates of the laminar flows to place
the interface between the laminar flow such that the sample fluid flow does not contact
the sensing area;

in a second state, changing the relative flow rates of the laminar flows to
displace the interface laterally such that the sample flow contacts the sensing area; and

determining association of analyte in the sample flow to the sensing

area.

30. A method of analyzing dissociation of an analyte in a fluid
sample, which method comprises:

providing a flow cell having a sensing area on a wall surface thereof, the
sensing area being capable of interacting with the analyte;

passing fluid sample in a first laminar flow through the flow cell;

passing analyte-free fluid in a second laminar flow through the flow cell,
the second laminar flow being adjacent to the first laminar flow and forming an
interface therewith which extends along the wall surface;

in a first state, setting the relative flow rates of the laminar flows to place
the interface between the laminar flows such that the sample fluid flow contacts the
sensing area;

in a second state, changing the relative flow rates of the laminar flows to
displace the interface laterally such that the sample flow does not contact the sensing
area; and

determining dissociation of analyte from the sensing area.

31. A sensor device comprising a flow cell having an inlet end and an

outlet end, at least one sensing surface on a wall surface within the flow cell located
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between the inlet and outlet ends, wherein the flow cell has at least two inlet openings
at the inlet end, and at least one outlet opening at the outlet end, such that separate
laminar fluid flows entering the flow cell through the respective inlet openings can

flow side by side through the flow cell over the sensing surface.

32.  The sensor device according to claim 31 wherein the flow cell has

two inlet openings and at least one outlet opening.

33.  The sensor device according to claim 31 wherein the flow cell has
three inlet openings and at least one outlet opening to permit establishment of three

adjacent laminar flows in a sandwich fashion through the flow cell.

34.  The sensor device according to claim 32 or 33 wherein the flow
cell further has at least two additional inlet openings and at least one additional outlet
opening arranged essentially transversely to the fluid pathway between the inlet and

outlet ends.

35. The sensor device according to claim 32, 33 or 34 wherein the

sensing surface is turnably mounted within the flow cell.

36. The sensor device according to claim 31 wherein the sensing

surface has at least two discrete sensing areas thereon.

37.  The sensor device according to claim 36 wherein one of the at

least two discrete sensing areas is a reference area.

38.  The sensor device according to claim 36 wherein one of the at

least two discrete sensing areas is capable of specifically interacting with an analyte.
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39. A sensor system, comprising a sensor device according to any
one claims 31-38 and further comprising:

means for applying laminar fluid flows through the inlet openings, such
that the laminar fluid flows pass side by side through the flow cell over the sensing
surface;

means for varying the relative flow rates of the laminar flows of fluids to
vary the respective lateral extensions of the laminar flows over the sensing surface;
and

detection means for detecting interaction events on the sensing surface.

40. The sensor system according to claim 39 wherein the detection

means comprises an optical sensor.

41. The sensor system according to claim 40 wherein the optical

sensor is based on evanescent wave sensing.

42. The sensor system according to claim 40 wherein the optical

sensor is an SPR-sensor.

43. A method of synthesizing compounds, comprising sensitizing a
discrete sensing area on a sensing surface by the method according to any one of
claims 1-16, wherein such sensitization constitutes the successive addition of chemical

moieties to achieve compound synthesis.

44, A method of synthesizing peptides or oligonucleotides,
comprising sensitizing a discrete sensing area on a sensing surface by the method
according to any one of claims 1-16, wherein such sensitization constitutes the
successive addition of peptidic or oligonucleotidic moieties to achieve peptide or

oligonucleotide synthesis.
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