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(57) ABSTRACT

The present invention relates to assay assemblies, compo-
nents of assay assemblies, methods of determining one or
more properties of a sample liquid, and methods of making
components of assay assemblies. The present invention
allows the properties of very small volumes of sample liquid
to be probed, by providing a first surface having at least one
sample liquid wettable surface region defined by a sample
liquid repelling boundary, and a second surface, opposed to
the first surface, having analyte binding agent immobilised
thereon.
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FIG. 6B
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ASSAY ASSEMBLY AND METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to assay assemblies, to
kits comprising components of assay assemblies, to methods
of determining one or more properties of a sample liquid, and
to methods of making components of assay assemblies.

BACKGROUND OF THE INVENTION

[0002] Assay systems employing immobilised binding
agents are a valuable tool in probing liquid samples.

[0003] Of particular interest are microarrays. (As used
herein, the term “microarray” is intended to include nano-
arrays. It will be understood that the term typically also
includes mesoarrays.) Typically, two-dimensional microar-
rays are formed on substrates which have analyte binding
agents immobilised on the substrate surface. Suitable analyte
binding agents include proteins/peptides, nucleic acid mol-
ecules, lipids, viruses, tissues and cells. In microarray tech-
nology, the immobilised binding agents are provided on the
surface of the substrate in discrete array elements (e.g. spots).
The functionalised substrate is brought into contact with a
liquid sample, e.g. a biological sample. Analytes in the solu-
tion may bind to spots of immobilised binding agent. The
binding of analyte to the spots is detected, typically using
fluorescently labelled reagents.

[0004] The liquid samples probed can have high complex-
ity and include numerous components. For example, a bio-
logical liquid sample may be a tissue lysate from a patient
biopsy. Different spots of the same microarray may have
different immobilised binding agents, for example to deter-
mine the presence or absence of multiple different analytes in
the liquid sample.

[0005] Multi-analyte microspot immunoassays were first
described in the 1980s (see Ref. 1). DNA microarrays were
first described in 1995 (see Ref. 2). Protein-protein interac-
tion arrays are the subject of much interest at present. Pro-
teomics and genomics applications of arrays are also of inter-
est (see Refs. 3 10 6).

[0006] The fields of spot deposition and imaging tech-
niques are fairly mature. Many different designs of surface
chemistry for arrays have been produced, and are available to
buy oft the shelf, or can be created as needed in labs.

[0007] Microarrays typically occupy an area having dimen-
sions no bigger than those of a standard microscope slide. The
array elements (e.g. spots) of immobilised binding partner
typically have a diameter of a few microns. They are typically
positioned in square grids with array element spacings in the
order of one hundred microns. Smaller array elements, on the
nano-scale, are obtainable using techniques such as dip-pen
nanolithography (see Refs. 7 to 9 and 14). This scaling down
of array element size permits a reduction in the lateral dimen-
sions of arrays, with the advantage of reducing the volumes of
liquid sample interrogated.

[0008] Commonly, liquid samples are confined to the array
region using a “frame”, which acts as a sealing gasket. This
principle is employed both in manual arrays and automated
systems. Examples include “FAST Frame” available from
Whatman and “SIMplex” available from GenTel Biosciences
Inc. Both frames generally require a relatively large sample
volume (a minimum of about 80 ul and 70 pl respectively). In
practice, leaks around the sealing gasket can cause cross-
contamination. Holding the sealing gasket more firmly
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against the array slide substrate may reduce leakage, but can
be detrimental to the integrity of the array surface. A similar
technology is described in W02005/113131. A related system
is the “ProPlate” array system available from Grace BioLabs.
This system employs a frame comprising a plurality of bot-
tomless wells which is bonded to the surface of an array slide,
to provide a plurality of wells. Disadvantages of each of these
“frame” systems include the potential for leakage, damage to
the array or slide surface, evaporation of the liquid sample,
and the requirement for relatively large sample liquid vol-
umes.

[0009] A surface modification system called Slidelm-
printer, available from The Gel Company, addresses some of
these problems. The Slideimprinter device prints warmed
wax directly onto an array slide, to create hydrophobic
boundaries around the wells. The 16-well design requires
about 60 ul of sample liquid. Sample liquid evaporation
remains a problem with this system. This system is relatively
expensive, and requires modification of array slides once they
have been made. This can be inconvenient and reduces the
suitability of this system to scaled-up applications, for
example in high throughput, automated systems. A similar
system is described in

[0010] An alternative approach to reducing the required
sample liquid volume involves reducing the vertical dimen-
sions of microarray probing wells. For example, microarray
probing can be carried out in a thin capillary, where about 120
pl of liquid sample is trapped under a slip over an array slide.
The slip may be a plastic, planar slip such as the HybriSlip™,
available from Grace Bio-Labs Invitrogen. A recent develop-
ment is the LifterSlip™, available from Thermo Scientific
and Erie Scientific, which is a glass slip which has two strips
provided on the underside of the slip, to lift the slip slightly
from the surface of the array slide. However, it is difficult to
control sample spreading on the array slide, and the loading of
the sample. This can result in air bubbles becoming trapped
under the slip, reducing the reliability of the assay. The
uncontrollability of sample spreading and loading can also
result in increased “noise”, which reduces the sensitivity of
the assay by increasing the minimum amount of analyte
required for detection. Evaporation of the small volume of
sample liquid before the slip is positioned can be a disadvan-
tage in some contexts. Furthermore, it would be advantageous
to provide still further reduction in the required sample liquid
volume.

SUMMARY OF THE INVENTION

[0011] The present inventors have realised that one or more
of the above problems with the prior art can be addressed,
overcome or reduced by providing an assay system having a
first surface which has been patterned to define one or more
“wells” e.g. by providing hydrophilic areas defined by hydro-
phobic boundaries, and a second surface, intended to be
opposed to the first surface, having analyte binding agent (e.g.
in a microarray) disposed on it. In this system, the sample
liquid to be tested is disposed between the two surfaces, and
contacts both. This can reduce problems associated with
sample evaporation. The patterning confines the sample liq-
uid to the hydrophilic regions. This confinement is believed to
result from the surface tension of the liquid. The confinement
of the sample liquid to the hydrophilic region(s) allows
greater control of sample spreading, and reduces or avoids the
formation of bubbles between the two surfaces. Providing
two surfaces, one having the well patterning and the other
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supporting the binding agent, allows increased adaptability of
the system, making it convenient both for manual laboratory
assaying and in high-throughput (e.g. automated) systems.
[0012] Accordingly, in a first aspect, the present invention
provides an assay assembly comprising

[0013] a first surface having at least one sample liquid
wettable surface region defined by a sample liquid repel-
ling boundary; and

[0014] a second surface, opposed to the first surface,
having analyte binding agent immobilised thereon.

[0015] In this way, when a sample liquid is provided
between the first and second surfaces, the liquid sample may
be confined to the sample liquid wettable surface region(s),
for example by the surface tension of the liquid. Accordingly,
the liquid sample contacts region(s) of the second surface
which are aligned with (e.g. overlie) the sample liquid wet-
table surface region(s) of the first surface. Conveniently, this
allows very small volumes of liquid sample to be analysed.
[0016] Typically, the immobilised binding agent is pro-
vided on the second surface in one or more two-dimensional
arrays of discrete array elements, e.g. wherein at least two
different array elements of the microarray comprise different
immobilised binding agent. It will be understood that the
immobilised binding agent typically remains attached to the
second surface under assay conditions, e.g. on contact with
the sample liquid. In this way, analyte captured from the
sample liquid by the binding agent is held on the second
surface by the binding agent.

[0017] Some documents have discussed the use of microf-
luidics technology in biological applications. For example,
reference 10 describes the formation of a liquid channel, by
providing hydrophilic and hydrophobic regions on a sub-
strate, with an overlying hydrophobic layer. Deposition of
biological material from liquid in the channel is described.
The deposition of the material was confined to areas in con-
tact with the liquid in the channel.

[0018] Reference 11 describes the use of microfluidics
chips to move droplets on a substrate, using electrochemistry.
Biological applications of this technology are described, for
example moving a sample droplet (e.g. containing glucose)
into contact with a reagent droplet (e.g. containing glucose
oxidase).

[0019] Reference 12 is concerned with merging microflu-
idics with microarray technology. It describes the formation
of a network of fluidic channels, which can have immobilised
binding agents on their interior. This work is contrasted with
microarrays formed on a surface (e.g. two-dimensional
microarrays).

[0020] Inasecond aspect, the present invention provides a
kit of parts comprising:

[0021] a first surface having at least one sample liquid
wettable surface region defined by a sample liquid repel-
ling boundary; and

[0022] a second surface, having analyte binding agent
immobilised thereon.

[0023] Conveniently, the first surface may be a surface of a
first substrate, and the second surface may be a surface of a
second substrate. It will be understood that the first and sec-
ond surfaces are positionable such that the second surface is
opposed to the first surface.

[0024] Preferably, the kit of parts further comprises a
holder having a first substrate receiving site for holding the
first substrate and a second substrate receiving site for holding
the second substrate. The first and second substrate receiving
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sites are arranged or arrangeable to hold the first and second
substrates in a position wherein the second surface is opposed
to the first surface. For example, the first and second substrate
receiving sites may be moveable relative to each other.
[0025] It will be understood that the first surface of the
present invention may be used with numerous different sec-
ond surfaces, for example second surfaces having different
analyte binding agents immobilised thereon. For example,
the first surface may be used in a first assay, washed, and then
employed in another, different assay. It will be understood
that the first surface may be supplied separately from the
second surface. Accordingly, in a third aspect, the present
invention provides a kit of parts comprising

[0026] afirst substrate having a first surface, wherein the
first surface has at least one sample liquid wettable sur-
face region defined by a sample liquid repelling bound-
ary; and

[0027] aholder having a first substrate receiving site for
holding the first substrate and a second substrate receiv-
ing site for holding a second substrate,

[0028] wherein the first and second substrate receiving
sites are arranged or arrangeable to hold the first and
second substrates in a position wherein a surface of the
second substrate is opposed to the first surface.

[0029] It will further by understood that the holder may be
supplied separately from the substrates. Accordingly, in a
fourth aspect the present invention provides a holder having a
first substrate receiving site for holding the first substrate and
a second substrate receiving site for holding a second sub-
strate, wherein the first and second substrate receiving sites
are arranged or arrangeable to hold the first and second sub-
strates in a position wherein a surface of the second substrate
is opposed to the first surface.

[0030] In a fifth aspect, the present invention provides a
method of determining one or more properties of a sample
liquid, the method comprising:

[0031] providing a sample liquid between a first surface
and a second surface, wherein the first surface has at
least one sample liquid wettable surface region defined
by a sample liquid repelling boundary, and wherein the
second surface is opposed to the first surface and has
analyte binding agent immobilised thereon; and

[0032] determining one or more properties of the liquid
sample by detecting binding of analyte to the immobil-
ised analyte binding agent.

[0033] It will be understood that the sample liquid contacts
the sample liquid wettable surface region (of the first surface)
and the second surface. The sample liquid may be held
between the two surfaces by the surface tension of the sample
liquid.

[0034] In a further aspect, the present invention provides a
method of making a first surface and a second surface, for
example as defined in any of the aspects described herein. The
method may comprise patterning a first surface to provide at
least one sample liquid wettable surface region defined by a
sample liquid repelling boundary. The method may comprise
immobilising binding agent on a second surface. Preferably,
the first surface is a surface of a first substrate. Preferably the
second surface is a surface of a second substrate. The method
may further comprise assembling an assay assembly by posi-
tioning the second surface in a position opposed to the first
surface.

[0035] Typically, the sample liquid will be aqueous. It will
be understood that the sample liquid wettable surface region
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may be a hydrophilic surface region. Similarly, the sample
liquid repelling boundary may be a hydrophobic boundary.
The sample liquid wettable surface region(s) may be referred
to herein as hydrophilic surface region(s). Similarly, the
sample liquid repelling boundary may be referred to as a
hydrophobic boundary. As context allows, references to the
hydrophilic surface region should be interpreted as references
to the sample liquid wettable surface region, and references to
the hydrophobic boundary should be interpreted as references
to the sample liquid repelling boundary.

[0036] Further preferred and/or optional features of the
invention will now be set out. It will be understood that the
preferred and/or optional features described herein are appli-
cable, either singly or in any combination, with any aspect of
the invention, unless the context demands otherwise.

[0037] Preferably, the first surface is substantially planar,
The patterning to provide the hydrophilic surface regions and
the hydrophobic barriers may provide some unevenness on
the first surface, and accordingly, it is understood that the first
surface is preferably macroscopically planar, e.g. substan-
tially flat. Preferably, each sample liquid wettable surface
region is substantially planar.

[0038] Preferably, the contact angle of sample liquid with
the sample liquid wettable surface region is 60° or less, for
example 50° or less, 40° or less, 30° or less, 25° or less, or 20°
or less. Preferably the contact angle of sample liquid with the
sample liquid repelling boundary is at least 55°, at least 60°,
atleast 65°, at least 70°, at least 80°, or at least 85°. Preferably,
the contact angle of sample liquid with the sample liquid
repelling boundary is at least 5° greater than the contact angle
of sample liquid with the sample liquid wettable surface
region, for example at least 10° greater, at least 15° greater, at
least 20° greater, at least 25° greater, at least 30° greater, at
least 40° greater, at least 50° greater or at least 60° greater.
[0039] It will be understood that the contact angle is not a
property inherent to the materials constituting the sample
liquid wettable surface region and the sample liquid repelling
boundary, but depends on the nature of the sample liquid.
However, preferably the contact angles given above are the
typical contact angles with the sample liquid intended to be
used with the assay assembly. For example, the above contact
angles may be typical contact angles with an aqueous sample
liquid, or with water.

[0040] Preferably, the sample liquid wettable surface
region(s) are provided by areas on the first surface constituted
by a sample liquid wettable material, e.g. in a layer, for
example a layer formed on the first substrate. Alternatively,
the substrate itself may be made from sample liquid wettable
material, and regions of the substrate may be exposed to form
the sample liquid wettable surface region(s).

[0041] It will be understood that the nature of the material
is not particularly limited, and depends on the intended
sample liquid. Preferably, the material is hydrophilic. Suit-
able hydrophilic materials include oxides and nitrides, such
as those employed in the semiconductor industry. Suitable
oxides and nitrides include silicon dioxide, indium tin oxide
and silicon nitride. Other suitable hydrophilic materials
include glass, such as soda lime glass, borosilicate glass, and
fused quartz. Further suitable hydrophilic materials are
hydrophilic polymers such as acrylates (e.g. methacrylate),
acrylamides (e.g. methacrylamide) and polyalcohols, (e.g.
polyvinyl alcohol), and hydrogels.

[0042] Preferably, the sample liquid repelling boundary or
boundaries are provided by area(s) of sample liquid repelling
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material, e.g. in a layer, for example a layer formed on the first
substrate. Alternatively, the substrate itself may be made from
sample liquid repelling material, and regions of the substrate
may be exposed to form the sample liquid repelling boundary.
[0043] It will be understood that the nature of the material
is not particularly limited, and depends on the intended
sample liquid. Preferably, the material is hydrophobic. Suit-
able hydrophobic materials include fluoropolymers (e.g.
amorphous fluoropolymers) such as Teflon® from Du Pont®,
CYTOP® from Asahi Glass, Fluoropel® from Cytonix
(http://cytonix.com/fluoropel.html) or polymerised C,Fy, or
parylene (e.g. parylene C). Alternatively, the hydrophobic
material may be wax, or a hydrocarbon polymer such as
polyethylene, polypropylene and polybutylene. Still further
suitable hydrophobic materials include siloxanes, such as
polydimethyl siloxane.

[0044] The material of the first substrate is not particularly
limited. The first substrate may be made of silicon. For
example, it may be a silicon wafer. Alternatively, it may be
made of glass, such as soda lime glass, borosilicate glass, or
it may be made of fused quartz. In this case, the hydrophilic
surface region(s) may be provided by exposed regions of the
substrate. For example, the substrate may be a microscope
slide. As a further alternative, the first substrate may be made
of polymer. For example, it may be made from hydrophobic
or hydrophilic polymer, for example the hydrophobic and
hydrophilic polymers described herein.

[0045] The pattern of hydrophilic area(s) defined by hydro-
phobic boundaries may be formed by any suitable method.
One particularly suitable method is etching. Etching is well
known, for example in the semiconductor manufacturing
industry. The etching method may comprise the following
steps:

(1) forming a first layer on the substrate (e.g. a layer of hydro-
phobic material or a layer of hydrophilic material);

(ii) forming a second layer on top of the first layer (where the
first layer is hydrophobic, preferably the second layer is
hydrophilic, and vice versa);

(iii) forming a resist layer (e.g. a photoresist layer) on top of
the second layer;

(iv) removing portions of the resist layer to expose areas of the
second layer (sometimes referred to as patterning the resist);
(v) etching the exposed areas of the second layer to expose
areas of the first layer; and

(vi) removing any remaining resist layer.

[0046] Where the substrate itselfis to be exposed to provide
the sample liquid wettable surface region(s) or the sample
liquid repelling boundary, the step of forming a first layer may
be omitted. In that case, references to the first layer may be
interpreted as references to a surface of the substrate. For
example, where the substrate is made from hydrophilic mate-
rial, a layer of hydrophobic material may be formed on the
hydrophilic substrate, and then etched (e.g. steps (iii) to (vi)
above) to expose regions of the hydrophilic substrate.
[0047] The first layer may be an oxide layer. For example,
it may be formed by oxidation (e.g. thermal oxidation) of a
surface of the first substrate. Alternatively, the first layer may
be formed by plasma enhanced chemical vapour deposition.
Other suitable methods of forming the first layer, e.g. a layer
of sample liquid wettable material, will be apparent to the
skilled person. A suitable thickness for the first layer is about
0.5 um to about 1 um.

[0048] The second layer should preferably be deposited
substantially evenly over the surface of the first layer. After it
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is formed, it should preferably be substantially free of gaps
exposing the first layer (although of course portions of the
first layer may be exposed later in the process). Suitable
methods for depositing the second layer include solution
spinning (e.g. for Teflon® and CYTOP®), deposition from
vapour (e.g. for parylene) and deposition from plasma (e.g.
for C,Fy).

[0049] Suitable methods of depositing resist layers are well
known. The resist layer may be patterned using a mask, for
example by exposing the resist layer to radiation (e.g. UV
radiation) through a mask. Surfactant may be employed to
enhance resist adhesion to the second layer. This is particu-
larly useful when the second layer is strongly hydrophobic,
but is not necessary in the case of parylene.

[0050] Theexposed areas ofthe second layer may be etched
by exposure to oxygen plasma. After this, any remaining
resist may be removed, for example by dissolving the resist in
acetone.

[0051] Alternatively, the patterning of sample liquid wet-
table surface region(s) and sample liquid repelling bound-
aries may be provided by modification regions of the first
surface. For example, where the first surface is a hydrophobic
material (e.g. a hydrophobic polymer), regions of the hydro-
phobic material may be treated to make it more hydrophilic,
in order to provide the hydrophilic region(s). For example,
hydrophilic regions may be provided by plasma oxygen treat-
ment of hydrophobic material or by functionalising regions of
the hydrophobic material with hydrophilic functional groups
such as —OH and/or —COOH.

[0052] As a further alternative, sample liquid wettable sur-
face regions may be formed by grafting or depositing sample
liquid wettable material onto a sample liquid repelling sur-
face or substrate, or sample liquid repelling boundaries may
be formed by grafting or depositing sample liquid repelling
material onto a sample liquid wettable surface or substrate.
This option is particularly suitable where both the sample
liquid wettable material and the sample liquid repelling mate-
rial are polymers.

[0053] As described above, the first surface has at least one
sample liquid wettable surface region defined by a sample
liquid repelling boundary. Preferably, the first surface
includes a plurality of sample liquid wettable surface regions,
each defined by a sample liquid repelling boundary. For
example, the first surface may have 16 liquid wettable surface
regions each defined by a sample liquid repelling boundary.
This arrangement may be preferred as microarray slides typi-
cally include 16 microarray areas (i.e. “array blocks™, or
“sub-arrays”).

[0054] Preferably, each sample liquid wettable surface
region has a two-dimensional shape. Preferably, this two-
dimensional shape has suitable dimensions for the sample
liquid wettable surface region to contact a two-dimensional
microarray. For example, the shape may have at least two
dimensions of at least 0.5 mm, more preferably atleast 1, 2,3,
4, 5 or 6 mm. Said at least two dimensions may be perpen-
dicular dimensions. It may be preferred that each sample
liquid wettable surface region has a substantially polygonal
shape, optionally with rounded corners and/or with overtlow
regions as described below. For example, each sample liquid
wettable surface region may be substantially rectangular (e.g.
substantially oblong or, more preferably, substantially
square), or substantially hexagonal. It will be understood that
each sample liquid wettable region may have curved edges.
For example, each region may be substantially circular, sub-
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stantially oval or substantially elliptical. (Herein, the terms
used to refer to particular shapes should not be interpreted as
limited to the strict mathematical meaning of these words).
[0055] Typically, each sample liquid repelling boundary
has an elongate shape. Preferably, each sample liquid wet-
table surface region has a width greater than its sample liquid
repelling boundary, for example at least 1.1 times, at least 1.2
times, at least 1.3 times, at least 1.5 times, at least 2 times or
at least 3 times the width of its sample liquid repelling bound-
ary.

[0056] It may be preferable that the shape of one or more of
the sample liquid wettable surface regions provides one or
more overflow regions. These allow for small inaccuracies of
the volume of sample liquid provided. Where the sample
liquid wettable surface region is substantially polygonal,
these overflow regions may be located at the corners of the
polygon. This can help to ensure that sample liquid flows right
into the corners of the sample liquid wettable surface regions,
and accordingly can help to maximise the area of contact of
the sample liquid with the second surface. For example, it can
help to ensure that the sample liquid contacts the entire area of
a microarray provided on the second surface.

[0057] The first surface may be provided with one or more
inlet channels, for loading sample liquid into the sample
liquid wettable surface region(s). Each inlet channel is in fluid
communication with at least one, and preferably only one, of
the sample liquid wettable surface regions, The channel may
provide a path for sample liquid from the edge of the first
substrate to the sample liquid wettable region. Alternatively,
the channel may provide a path for sample liquid from an area
of' the first surface which is exposed (e.g. not covered by the
second surface) towards the sample liquid wettable region
(which may be covered by the second surface).

[0058] The channels may be elongate areas of sample lig-
uid wettable surface material, defined by a sample liquid
repelling boundary. Alternatively, the channel may be a
physical groove on the first surface. Each channel may be
adapted to draw sample liquid through the channel and into
the sample liquid wettable surface region by capillary action.
Alternatively, the channel may be adapted to receive a tube or
pipette tip for sample loading. Providing inlet channels can be
particularly advantageous, as it allows sample liquid to be
loaded after the first and second surfaces are in position. This
can further reduce sample liquid evaporation, provide control
of sample spreading and reduce or avoid bubble formation.
[0059] Alternatively, of course, sample liquid may be
loaded onto the first surface, and then the second surface may
be lowered on top. Even in such embodiments, the control of
sample spreading can be improved, and the formation of
bubbles reduced, due to the confinement of sample liquid in
the sample liquid wettable surface region(s). As described in
more detail below, the holder can provide control of second
surface lowering.

[0060] Insome embodiments, the overflow region may be
provided by the inlet channel. The may be preferred, for
example, when a single sample liquid wettable surface region
is provided on the first surface. However, in other embodi-
ments, e.g. where multiple sample liquid wettable surface
regions are provided, it may be preferred that the one or more
overflow regions are distinct form the inlet channel. For
example, one or more overflow region may be provided at a
position distinct from the inlet channel.

[0061] Preferably, the second surface is substantially pla-
nar. The immobilised binding agent may provide some
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unevenness on the second surface, e.g. resulting from pillars
or clusters of cells or particles. Accordingly, it is understood
that the second surface is preferably macroscopically planar,
e.g. substantially flat.

[0062] The immobilised binding agent may be provided in
anarray of discrete array elements (e.g. spots) of immobilised
binding agent. The array elements may typically have a diam-
eter of about 100 pm or less. The spacing between array
elements may be about 100 um or less. Preferably, the array
elements are provided in a two-dimensional array on the
second surface. The elements of the array may each comprise
the same binding agent. Alternatively, different array ele-
ments may comprise different binding agents, so that the
array includes array elements of at least 2 different binding
agents. The array may include 16 or more, for example 25 or
more, or 50 or more discrete array elements. Preferably, each
array is substantially planar (e.g. macroscopically planar such
as substantially flat).

[0063] Itwill be understood that the array(s) may comprise
control elements which provide positive or negative controls,
for example to confirm satisfactory sample wetting and/or
satisfactory analyte binding.

[0064] The second surface may comprise multiple arrays of
discrete array elements. For example, the second surface may
comprise the same number of arrays as the number of sample
liquid wettable surface regions on the first surface. For
example, where the second surface has 16 arrays, preferably
the first surface has 16 sample liquid wettable surface regions.
Preferably, each array is substantially planar. Preferably, the
second surface is arranged so that each array is aligned with
(e.g. overlies) a sample liquid wettable surface region of the
first surface.

[0065] It may be preferred that the first and/or second sub-
strate is transparent or translucent. For example, it may be a
glass substrate such as a glass microscope slide. This allows
the distribution of sample liquid between the first and second
surfaces to be readily observed. This may also allow detection
of analyte binding to be carried out without dismantling the
assembly. In some preferred embodiments, one or more of the
discrete array elements comprise a visualisation component,
which allows one or more properties of the liquid sample to be
determined by detecting binding of analyte to discrete array
elements of immobilised analyte binding agent.

[0066] It will be understood that the nature of the immobi-
lised binding agent(s) is not particularly limited in the present
invention. Suitable binding agents will be well known to
those skilled in the art. For example, the immobilised binding
agent(s) may be selected from proteins/peptides, antibodies,
receptors, nucleic acids such as DNA or RNA, lipids, carbo-
hydrates, lipid-bound proteins, glycoproteins, glycolipids,
aptamers, haptens, antigens, small molecules, whole cells
such as bacterial cells, and viruses.

[0067] Methods of providing one or more microarrays on
the second surface will be well known to those skilled in the
art. For example, dip-pen nanolithography may be employed,
or other spotting using commercially available arrayer tips,
e.g. piezo-dispenser tips.

[0068] The second surface may include at least one sample
liquid wettable region defined by a sample liquid repelling
boundary, similarly to the first surface. Accordingly, it will be
understood that the features of the first surface described
above may apply equally the second surface, singly or in any
combination. In embodiments wherein the second surface
includes at least one sample liquid wettable region defined by
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a sample liquid repelling boundary, preferably the pattern of
sample liquid wettable surface region(s) and sample liquid
repelling boundaries on the second surface mirrors that of the
first surface, in order that the sample liquid wettable surface
region(s) of the second surface are aligned with (e.g. overlie)
the sample liquid wettable surface region(s) of the first sur-
face, and in order that the sample liquid repelling boundaries
of the second surface are aligned with (e.g. overlie) the
sample liquid repelling boundaries of the first surface. This
can further improve sample liquid confinement. It will be
understood that immobilised binding agent should be posi-
tioned on the sample liquid wettable surface region(s) of the
second surface.

[0069] Preferably, a sample liquid volume of 80 ul or less is
required for each sample liquid wettable surface region. More
preferably, a sample liquid volume of 50 pl or less, 40 ul or
less, 30 pl or less, 25 pl or less, 20 ul or less, or 15 ul or less,
or 10 pl or less, or 5 pul or less is required. Preferably, the
dimensions of each sample liquid wettable region, and the
gap between the first and second surfaces define a sample
liquid zone having a volume of 60 ul or less, more preferably
50 ul orless, 40 ul or less, 30 ul or less, 25 ul or less, 20 ul or
less, or 15 pl orless, or 10 pl or less, or 5 pl or less. Of course,
it will be understood that larger sample volumes may be used,
for example if the gap between the first and second surfaces is
increased, or if the gap between the first and second layers is
increased. A sample volume of 250 pl or less may be preferred
in some cases.

[0070] It will be understood that the volume of sample
liquid required depends on the area of the sample liquid
wettable surface region. Preferably, the volume of sample
liquid required for each sample liquid wettable surface region
is 0.4 ul or less per mm?* of sample liquid wettable surface
region, more preferably 0.3, 0.2 or 0.1 ul or less per mm? of
sample liquid wettable surface region. Typically, the volume
of sample liquid required for each sample liquid wettable
surface region is at least 0.050 per mm? of sample liquid
wettable surface region. Typically, the space between the first
surface and the second surface is about 200 um. For example,
it may be 500 pum or less, 400 um or less, 300 pm or less, 200
um or less, or 100 um or less. Typically, the space between the
first surface and the second surface is at least 10 um, at least
50 um, or at least 100 um.

[0071] A holder may be provided, having a first substrate
receiving site for holding the first substrate, and a second
substrate receiving site for holding the second substrate. (As
described above, the first and second surfaces may be pro-
vided on first and second substrates respectively.) The first
and second substrate receiving sites may be arranged or
arrangeable to hold the first and second substrates in a posi-
tion wherein the second surface is opposed to the first surface.
Providing a holder can help to control the relative positioning
of'the first and second surfaces, for example helping to align
the sample liquid wettable surface regions with immobilised
binding agent (e.g. with an array) on the second surface.
[0072] It will be understood that preferably one or both of
the substrate receiving sites are configured to restrict (e.g.
substantially prevent) lateral movement of the substrate with
respectto the holder. For example, one or both of the substrate
receiving sites may comprise a recess having a side wall or
walls which are arranged to restrict (e.g. substantially pre-
vent) lateral movement of the substrate with respect to the
holder. In this way, the relative orientation of the first and
second substrates may be controlled, for example to ensure
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suitable alignment between regions of the first and second
surfaces as described above. One or more biasing elements
may be provided to assist in holding the first and/or second
substrate in their respective substrate receiving sites. The
biasing element may be arranged to bias the substrate towards
a side wall or walls, for example an opposing side wall or
walls, in order to hold the substrate against the side wall or
walls. The biasing element may comprise a spring or other
resilient member.

[0073] One or more of the substrate receiving sites may be
provided with a stopper to restrict removal of the substrate
from the substrate receiving site. For example, the stopper
may be a clip, which may be resiliently biased to a position or
arrangement in which it restricts or prevents removal of the
substrate from the receiving site. For example, the clip may
comprise a protrusion resiliently biased towards a position in
which it overlies the substrate. However, it will be understood
that the first and/or second substrates are preferably remov-
able from the holder, to allow washing and further analysis.

[0074] The first and second substrate receiving sites may be
moveable relative to each other. In this way, the second sur-
face may be moved towards the first surface in a controlled
manner, allowing good control of sample spreading, and
reducing the formation of bubbles. The holder may be con-
figured to allow the second substrate to be separated from the
first substrate while keeping the second surface substantially
horizontal. This can help to reduce cross-contamination of
sample liquids which contact different regions of the second
surface. For example, the first and second substrate receiving
sites may be connected by a hinge.

[0075] One or more spacer components may be provided,
as part of the holder, as part of the first substrate, as part of the
second substrate or separately. The spacer components are
used to provide a space between the first and second surfaces.
The spacer components may have adjustable height, to allow
adjustment of the gap between the first and second surfaces.
For example, the spacer components may be screws, which
can beraised or lowered to adjust the gap between the firstand
second surfaces. Alternatively, the spacer components may be
blocks or pillars which are positionable between the first and
second surfaces. Blocks of different heights may be provided,
or multiple blocks may be stacked, in order to adjust the gap
between the first and second surfaces.

[0076] Theholder may be provided with one or more spacer
receiving sites for holding a spacer. Preferably, the spacer
receiving sites restrict (e.g. substantially prevent) lateral
movement of the spacer with respect to the holder. For
example, the holder receiving site may comprise a recess
having a side wall or walls which area arranged to restrict (e.g.
substantially prevent) lateral movement of spacer. In this way,
the relative orientation of the spacer and the first and/or sec-
ond substrates may be controlled. One or more biasing ele-
ments may be provided to assist in holding the spacer(s) in
their respective spacer receiving sites, as described above
with respect to the substrate receiving sites.

[0077] Preferably, where one or more spacers is provided,
the spacers are positioned to contact the first surface at a point
which is not part of a sample liquid wettable region. Similarly,
preferably the spacers are positioned to contact the second
surface at a part of the surface which does not have immobi-
lised binding agent immobilised thereto, e.g. at a part of the
surface which does not have an array formed thereon. Pref-
erably, the one or more spacer receiving sites are positioned
accordingly. A stopper may be provided to restrict removal of
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the spacer from the spacer receiving site. The stopper may
have the features described above with reference to the stop-
per for restricting removal of the substrate from the substrate
receiving site.

[0078] The holder may be closable, in order to encase the
first and second substrates. Accordingly, the holder may have
an open configuration to allow the first substrate, second
substrate and/or spacer components to be loaded into the
holder, and a closed configuration in which the first substrate,
second substrate and/or spacer components are held within
the holder. The holder may comprise a locking element, for
keeping the holder in its closed configuration.

[0079] The holder may comprise one or more compressor
elements, for urging the first substrate towards the second
substrate, and/or for urging the second substrate towards the
first substrate, e.g. when the holder is in its closed configura-
tion. Preferably, the compressors are provided at positions
corresponding to the spacers (or spacer receiving sites). By
providing pressure only at these positions, a highly parallel
sandwich, without buckling or tension, is provided. Prefer-
ably, the compressors are sprung. This can help to avoid
application of excessive pressure to the substrates.

[0080] The holder may be configured so that one or both of
the firstand second substrates are visible when the holder is in
its closed configuration. This may allow the sample loading
and the distribution of sample liquid between the first and
second surfaces to be readily observed. This may also allow
detection of analyte binding to be carried out without disman-
tling the assembly.

[0081] Preferably, the holder provides access to the inlet
channels for ample loading, e.g. when the holder is in the
closed position. In this way, the assay may be assembled and
the first and second substrates held in place, before sample
liquid is loaded via the inlet channels. Access to the inlet
channels may be provided, for example, by a window or other
opening in the holder.

[0082] Asdescribed above, the present invention provides a
method of determining one or more properties of a sample
liquid. It will be understood that this method may be carried
out using the assay assembly of the invention.

[0083] The sample liquid may be provided to the assay
assembly by any suitable method. Preferably, the sample
liquid is provided via an inlet channel. In this way, sample
liquid may be supplied after the second surface is positioned
opposed to the first surface. The sample liquid may be trans-
ferred to the sample liquid wettable surface region by capil-
lary action. Alternatively or additionally, force from the
sample liquid dispenser (e.g. pipette) may urge the sample
liquid towards the sample liquid wettable surface region.
Movement of the sample liquid from an inlet channel into the
sample liquid wettable surface region can improve the assay,
as it can enhance movement of the sample liquid relative to
the immobilised binding agent.

[0084] Alternatively, the sample liquid may be dispensed
directly onto the sample liquid wettable region, before the
second surface is positioned opposed to the first surface (e.g.
before the second surface is lowered onto the first surface).
[0085] The skilled person understands that assay quality
can be improved by enhancing diffusion of analytes in the
sample liquid relative to the immobilised binding agent (e.g.
relative to an array). For example, diffusion of analytes may
be enhanced by agitation, for example mechanical, electrical,
or magnetic agitation, or by radiation.
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[0086] The assembly may be encased in a chamber provid-
ing a suitable atmosphere for performing the assay. For
example, the assembly may be encased in a humidity cham-
ber.

[0087] The property of the sample liquid to be determined
in the method of the present invention is not particularly
limited. For example, the property may be the presence or
absence of one or more analytes in the sample liquid. Alter-
natively, it may be the concentration of one or more analytes
in the sample liquid. As a still further alternative, the property
of'the sample liquid may be a property of one or more analytes
in the sample liquid. For example, the property may be the
binding affinity of the analyte for the immobilised binding
agent, or the size of the analyte.

[0088] Binding ofthe analyte to immobilised binding agent
may be detected by any suitable method. Suitable methods
will be well known to those skilled in the art. For example,
binding may be detected using labelling, for example fluo-
rescence labelling. For example, total internal reflection fluo-
rescence may be used. Conveniently, binding may be detected
with or without taking apart the assembly, depending for
example on the type of detection employed, and the material
of the assembly.

[0089] Reference 13, which is incorporated by reference
herein in its entirety, describes microarray technology in
some detail. In particular, it describes suitable binding agents
(referred to as “capture probes” in that document). It also
describes suitable labelling and detection systems.

[0090] As described above, the first surface may be used in
a first assay, washed and then used in a second assay, for
example a different assay using a different second surface.
Preferably, in between each assay or probing step the first
surface is washed. Preferably, at least the final wash step is
carried out substantially in the absence of detergent or sur-
factant. Presence of detergent or surfactant may reduce the
efficiency of sample liquid containment on the first surface.
Preferably, the first surface is dried, e.g. in a gas stream such
as a nitrogen or dry air stream, or by spinning, after washing.
It will be understood that washing the first surface substan-
tially in the absence of detergent is desirable also prior to the
first use of the surface. Similarly, the drying step may be
performed prior to the first use of the surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] Preferred embodiments and examples of the inven-
tion will now be described with reference to the figures, in
which:

[0092] FIG. 1 illustrates example arrangements of hydro-
philic surface areas on the first surface.

[0093] FIG. 2 shows photographs of example assemblies
with sample liquid loaded.

[0094] FIG. 3 illustrates an example method of making the
first surface.

[0095] FIG. 4 illustrates example sample loading tech-
niques.

[0096] FIG.5illustrates the adjustable gap between the first

and second surfaces.

[0097] FIG. 6 shows satisfactory spreading of sample lig-
uid on assemblies according to embodiments of the present
invention.

[0098] FIGS. 7 and 8 show results of tests indicating satis-
factory analyte diffusion in sample liquid on assemblies
according to embodiments of the present invention.
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[0099] FIGS. 9 and 10 show results from Example 3, and
illustrate that cross-contamination was avoided, and that an
even distribution of signal intensities was achieved.

[0100] FIG. 11 shows results of Example 4, where assem-
blies according to embodiments of the present invention were
compared with a frame assembly.

[0101] FIG. 12 shows the results of Example 5, and shows
array images and the coefficient of variation from an assem-
bly according to an embodiment of the present invention
(labelled “CHIP”), and LifterSlip.

[0102] FIG. 13 shows a preferred embodiment of the assay
assembly of the present invention.

[0103] FIG. 14 shows a plan view of a portion of an assay
assembly according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS AND FURTHER OPTIONAL
FEATURES OF THE INVENTION

[0104] Preferred arrangement of the hydrophilic surface
regions will now be described with reference to FIG. 1.
[0105] FIG. 1A shows a first surface 1 which has sixteen
square shaped hydrophilic surface regions 2, defined by
hydrophobic boundaries 4.

[0106] FIG. 1B shows an adaptation of the surface shown in
FIG. 1A, where the hydrophilic surface regions 2 are each
provided with overflow areas 6. The width of each square
hydrophilic region is, for example, about 6 mm. The spacing
from the left hand side of one hydrophilic region to the left
hand side of the next is, for example, about 9 mm. The edges
of'the overflow areas are spaced approximately 0.5 mm from
the edge of the main hydrophilic region.

[0107] FIG. 1C shows an adaptation of the surface shown in
FIG. 1B, where channels 8 are provided, for loading sample
liquid. The channels 8 extend to the sides of the surface. They
are physical grooves, designed to accommodate a tube or
pipette for loading the sample.

[0108] FIG. 1D shows an adaptation of the surface shownin
FIG. 1B, where channels 10 are provided, for loading sample
liquid. The channels 10 are regions of hydrophilic material,
defined by hydrophobic boundaries. The channels 10 are
intended to extend to an area of the first surface which, in use,
is not covered by the second surface.

[0109] FIG. 1E shows a surface having a single hydrophilic
surface region 12. Channels 8 are provided for loading the
sample.

[0110] FIG. 2A shows a photograph of an example assem-
bly with sample liquid loaded. The sample liquid has been
dyed to improve its visibility. The sample liquid is Chromo-
trope 2R solution in PBS. Each of the wells contains 11 pl.
The gap between the first and second surfaces is approxi-
mately 280 um. FIG. 2B shows four wells filled with 4 pl of
dye solution. The gap between the first and second surfaces is
approximately 103 pm.

[0111] Anexample first surface manufacturing process will
now be described, with reference to FIG. 3.

[0112] The first substrate is made of a silicon wafer 16,
having a thickness of typically about 525 um. The wafer is
thermally oxidised in a furnace to generate a hydrophilic SiO,
layer 14, having a thickness of approximately 0.5-1 um, as
shown in FIG. 3A. (Alternatively, plasma enhanced chemical
vapour deposition or other method of forming a uniform
oxide layer can be used.)
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[0113] A hydrophobic layer 18, such as Parylene C or an
amorphous fluoropolymer (aFP), e.g. Teflon®, CYTOP®, or
polymerized C,Fg, is deposited over the whole wafer, as
shown in FIG. 3B. Thickness of the polymer deposited should
be sufficient to avoid defects such as pinholes and ensure
uniformity of the coating, but 20-100 nm is usually sufficient.
Teflon and CYTOP are spun on from solution, Parylene C is
deposited from vapour and C,F; from electrical plasma. It
will be understood that best confinement of liquid sample is
achieved with the most hydrophobic layers

[0114] Thehydrophobic layer 18 is patterned by spinning a
layer of photoresist 20 on top of the hydrophobic layer as
shown in FIG. 3C and exposing the photoresist layer 20 under
amask pattern to UV light, then developing, as shown in FIG.
3D. Because the aFP materials are very hydrophobic, surfac-
tant may be added to the resist solution to promote adhesion,
but this is not necessary in the case of Parylene.

[0115] Inthe next step the wafer 16 is exposed to an oxygen
plasma in a vacuum system to etch the hydrophobic layer to
expose hydrophilic regions as shown in FIG. 3E. Remaining
resist is dissolved in acetone. Note that the etch rates of the
resist and aFP are very similar, therefore the resist needs to be
thick enough to survive the etch process.

[0116] The wafer may then be diced to size by a diamond
saw, rinsed and dried ready to be mounted into the holder.

[0117] An example washing method for preparing the first
surface for its first use, or for reconditioning it for re-use will
now be described. The first surface is cleaned by rinsing it,
e.g. using wash bottles in copious amounts of distilled water,
followed by a rinse in NaOH (~0.1M) solution, another rinse
in distilled water, followed by arinse in HCI (~0.1M) solution
and then rinsing in distilled water again. As a result of suc-
cessful chip reconditioning, a droplet of water or a water-
based solution spreads thinly and fills the hydrophilic pattern.
Enzymes and/or surfactants may be applied to enhance
sample removal.

[0118] When the 16-well chip has been adequately washed,
after pouring water over the chip and shaking off excess, one
can observe all the hydrophilic patches to contain similar
amounts of water arranged in similar droplet shapes. The
appearance of this pattern of liquid spreading makes it easy
for the operator to judge when the chip has been adequately
washed.

[0119] After washing the first surface is dried under a
stream of dry nitrogen for approximately one minute, or until
no bulk water is visible, and is ready for use.

[0120] In embodiments wherein an adjustable spacer is
provided, the following protocol may be used for adjusting
the gap between the first and second surfaces. The spacers
(e.g. screws) should be adjusted (e.g. raised) to a position in
line with the tops of the liquid droplets. Then, a second
surface, or a model second surface such as a clean plain glass
slide is lowered onto the spacers and then the spacers are
adjusted so that the pads of liquid take on the form of the
hydrophilic region, e.g. a square shape. For 6x6 mm square
regions, the liquid volumes may be as low as 2 ul (correspond-
ing to gap setat about 50 um) up to, for example 15-20 pl. This
is illustrated in FIG. 5, which shows example dimensions of
some components. In FIG. 5, the first substrate is referred to
as “patterned silicon chip”, and the second substrate as “array
slide”. The spacers are referred to as “screws”.

[0121] Example sample loading techniques will now be
described.
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[0122] In a first example technique, a desired volume of
sample is carefully pipetted onto the hydrophilic regions of
the first surface. (In case of small volumes, accuracy may be
improved by ensuring that the pipette tip touches the hydro-
philic surface regions. For example, for this ‘top-loading’ of
volumes of 10 pl and less, a high specification pipette (in
terms of both accuracy and precision, e. g. model EDP3 from
Rainin, or an electronic pipette with LTS shaft) are recom-
mended.

[0123] After the sample is loaded, the array slide (second
surface) is slowly and steadily lowered onto the spacers, for
example using wide flat wafer tweezers (for example, model
667. SA from Windrush Technology). Slow lowering and a
very horizontal orientation of the array slide help to avoid
trapping of bubbles and collapse of the top slide at the side of
the assembly.

[0124] The sample will then spread into the shape defined
by the hydrophilic region, the hydrophobic barrier, and the
array slide (second surface).

[0125] Different samples of water-based solutions were
loaded into the ‘wells’ in contact with a variety of different
‘array’ slides without cross contamination. In cases where the
array slide is transparent or semi-transparent addition of a
brightly coloured solution allows to take photographs of filled
‘wells’ under conventional room lighting to show separation
of'the wells, as shown for example in FIG. 2.

[0126] When the added solutions are not coloured the
boundary of the ‘wells’, the sample spreading is still easily
detectable by eye in ordinary lighting. Thus the present inven-
tion allows for direct verification of the shape and dimensions
adopted by the sample liquid in contact with the array surface.
[0127] Alternatively, sample liquid can be loaded into the
assembly using a “side loading” technique. Suitable tech-
niques are illustrated in FIG. 4.

[0128] In FIG. 4A, sample liquid is loaded, from a pipette
tip or capillary tube, onto an exposed (hydrophilic) region of
the first surface (referred to in FIG. 4A as a silicon chip with
oxidised surface). It passes along the hydrophilic capillary
channel into the hydrophilic surface region (called hydro-
philic pad area in FIG. 4A). The second surface is referred to
asaglassslidein FIG. 4A. The liquid sample passes along the
capillary channel and into the hydrophilic surface region. A
spacer is provided between the first and second surfaces.
[0129] In FIG. 4B, sample liquid is loaded, from a pipette
tip or capillary tube, directly onto the hydrophilic surface
region, via a groove formed in the first surface. Otherwise,
FIG. 4B is similar to FIG. 4A. Similar components are
labelled similarly. This “groove loading” method may be
particularly suitable when the sample liquid is a gel.

[0130] Alternatively, other methods such as surface acous-
tic waves, or electrowetting on dielectric, may be used to
move the liquid sample to its desired position.

[0131] A preferred embodiment of the assay assembly will
now be described with reference to FIG. 13. Image 1 of FIG.
13 shows the underside of the holder 101 in its closed con-
figuration. A locking screw 103 is provided. Image 6 of FIG.
13 shows the upper side of the holder 101 in its closed con-
figuration. Images 2 to 5 of FIG. 13 show the holder 101 in its
open configuration, having a lid portion 102. A window 105 is
provided in the holder casing, to allow the first and second
substrates to be seen, and to allow for sample loading. The
holder comprises arecess 107 for receiving a second substrate
109, which has a plurality of microarrays formed on its sur-
face. The walls of the recess substantially prevent lateral
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movement of the second substrate 109 with respect to the
holder 101. A biasing element 119 is provided for urging the
second substrate 109 towards the opposite side walls of the
recess 107. This biasing element 119 is provided in a corner of
the recess 107 in order to urge the second substrate towards
the two side walls which meet at the opposite corner of the
recess 107.

[0132] Recesses 111 are provided for receiving spacers
113. The walls of the recesses substantially prevent lateral
movement of the spacers 113 with respect to the holder 101
and the second substrate 109. A further recess 115 is provided
for receiving the first substrate 117, which has a plurality of
sample liquid wettable surface regions defined by sample
liquid repelling boundaries. The walls of the recess 115 sub-
stantially prevent lateral movement of the first substrate 109
with respect to the holder 101, the second substrate 109 and
the spacers 113. Spring-loaded compressor elements 127 are
provided on the 1id 102 of the holder 101 at positions corre-
sponding to the spacers 113, to urge the first substrate 117
towards the second substrate 109.

[0133] When the holder 101 is closed, a portion of the first
substrate 117 is exposed below the second substrate 109,
through the window 105, to allow for sample loading. Sample
liquid spreading can be observed through the window 105,
and in some embodiments analyte binding may be detected
through the window, without dismantling the assay assembly.

[0134] FIG. 14 shows a plan view of a portion of an assay
assembly according to an embodiment of the present inven-
tion. The second substrate 109, including a plurality of
microarrays 121 provided on a surface 125 thereof, is held in
a recess of the holder 101. The second substrate 109 is urged
towards the side walls 123 of the recess by a biasing element
119. In this way, the second substrate 109 is held snugly
against the side walls 123 of the recess, substantially prevent-
ing lateral movement of the substrate with respect to the
holder 101.

EXAMPLES

Example 1—Sample Loading

[0135] As many array sample liquids, include surfactant,
providing a sample solution containing surfactant was inves-
tigated. Satisfactory sample spreading was observed for 8 ul
of dye solution in PBS with 0.05% Tween, with side loading
from a pipette into a hydrophilic channel, as shown in FIG.
6A. The second surface was a Menzel-Glaser slide (no array),
with a 200 um gap between the first and second surfaces. The
hydrophobic boundaries were formed from CYTOP. FIG. 6B
illustrates sample loading where a groove is provided. Satis-
factory sample spreading is shown in FIG. 6B. The liquid is
water soluble dye in PBS buffer. The hydrophobic boundaries
were formed from parylene.

[0136] FIG. 6C shows improved filling to the corners of the
hydrophilic surface when an overtlow region is provided.

Example 2—Sample Diftusion

[0137] Inorderto assess the diffusion of analytes in a liquid
sample held between the first and second surfaces, a sample
solution comprising fluorescently labelled BSA-Alex-
aFluor647 (1:1000 solution in PBS of 2 mg/ml stock of
labelled protein) was loaded onto an example assembly. The
non-specifically protein adsorbant surface (second surface;

Sep. 26, 2013

no array) used in these tests was home-made nitrocellulose
spincoated onto silanated glass.

[0138] The surface was allowed to bind the protein for 30
min at room temperature, after which the second surface was
rinsed by dipping quickly in abundant amount of PBS for 5
minutes with gentle shaking, dried and imaged on a fluores-
cent microarray scanner.

[0139] The data demonstrate that not only physical filling
of'the virtual ‘wells’ of the desired shape is possible, but also
that fluorescently labelled BSA diffuses towards the ‘array’
surface throughout our quasi-square shape hydrophilic region
in a reasonably uniform fashion. This is shown in FIG. 7,
which shows that labelled BSA adsorbed to the second sur-
face across the hydrophilic regions. Different volumes of
sample liquid were supplied (FIGS. 7A-D). FIG. 7F shows
intensity profiles across example “wells”, and demonstrate
even sample absorption across the “well”. For smaller sample
volumes, more adsorption is observed at the centre of the
“well”.

[0140] The role of'the cell filling method was tested fora 10
wl cell with a piece of very fine tubing made by extruding a gel
filling tip while heated, forming a thin slightly curved tip.
After that the tip was used to fill the cell from the side. Filling
of'the cell from the side gave a slightly more even pattern of
intensity than in case of ‘top-loading’, as shown in FIG. 8.
This figure illustrates data from as experiment where patterns
of solute diffusion for 3 different conditions of ‘well” filling
were compared: 1) sample was applied to a 10 pl cell by
pre-setting the screws to give the required gap and by pipet-
ting from the top and then lowering the array slide; 2) 10 ul of
sample were applied by loading from the side into a pre-set
gap on the cell with the use of a fine tip and 3) 100 pl of sample
was applied in a SIMplex frame from GenTel.

[0141] The same solution of fluorescently labelled BSA
was applied to home-made nitrocellulose slides from the
same batch to explore the 3 loading techniques. Comparison
of'the patterns of intra-well intensity distribution seen in 10 pl
‘wells’ produced with an example assembly of the present
invention with those observed in a conventional frame with a
larger probing volume suggests that the performance of the
present assembly is comparable, despite requiring much
lower sample volume.

Example 3—BSA Array Assay

[0142] A reverse-phase microarray assay, where BSA as a
binding agent interacts with the probe rabbit anti-BSA serum,
was chosen as a model to demonstrate the efficacy of the
invention, where a planar microarray is used. Two types of
arrayed patterns of BSA were used: a 10x10 array created as
16 pads spaced at 9 mm and a pattern covering nearly the
whole slide solidly, generated by 4 arrayer tips, both with
spot-to-spot spacing of 500 um. BSA was spotted in PBS at 1
nl volume on Perkin Elmer Piezorray™. The blocker was
p-lactoglobulin (BLG). The arrays were probed in the first
reaction with rabbit anti-BSA serum followed by a wash. In
the second reaction, binding was detected with anti-rabbit
AlexaFluor647.

[0143] The reactions were then incubated for the desired
length of time, which was one hour for the anti-BSA in the
first reaction and 45 minutes for fluorescently labelled anti-
bodies in the second reaction. Each of the 2 steps of binding
reactions were done inside a humidity control box (uBox
from Quantifoil Instruments GmbH was used). The use of the
humidity box prevented evaporation in this case, but it is not
essential. It can be helpful to reduce drying, contamination
and light.
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[0144] A simple calculation indicates that for a gap of 200
um with a square hydrophilic region having a side length of 6
mm, the surface area of the liquid gas (L.G) interface (SLG=4
sidesx0.2 mmx6 mm) will constitute about 6% of the total
surface area of the whole volume of the sample comprising
both the liquid gas and the solid-liquid (SL) interface
(Stotal=SLG+SSL=SLG+2 sidesx6 mmx6 mm). It is pos-
sible to appreciate that the narrower the gap, the smaller the
fraction of the surface from which evaporation can occur.
[0145] After the reaction was finished the upper (array)
slide was lifted at horizontal orientation with the sample
droplets still attached to the surface of the array. It is impor-
tant to note that if the slide remains horizontal there is no cross
contamination between the virtual ‘wells’ at this stage, as
sample droplets would not be compelled to intermingle by
any forces present. While remaining in the upside down ori-
entation the slide was very quickly exposed to a wash solu-
tion. The initial wash and/or rinse can be carried out, for
example, by squirting wash solution from the nozzle of a
wash bottle upwards at the array slide so that the bulk of the
sample/probe solution is removed towards the slide edge very
quickly. After that initial rinse the slide was quickly immersed
in a slide chamber (volume~30 ml), or a tank (Wheeton dish,
-250 ml) containing wash solution e.g. PBS or PBST (PBS
with Tween added at 0.1%) and allowed to soak according to
the required protocol for several minutes, e. g. 15 minutes,
with shaking.

[0146] The solution was then decanted, and replaced with
fresh wash solution and the slide was soaked in it again for
another 15 minutes. The wash procedure was repeated one
more time.

[0147] FIG. 9 shows this results of this example, and illus-
trates that cross-contamination was avoided. This is demon-
strated on an array covering the whole surface of a slide, to
which 3 different reagents, including blocker, are applied
with the use of the patterned chip. For the final step the
fluorescent labelling reagent is applied only to every other
well. The fluorescence image of the probed slide shows there
are no ‘leaks’ into neighbouring areas and/or wells filled with
buffer only. In this Figure, 1 is rabbitanti-BAS, 2 is anti-rabbit
AlexaFluor647, and the blocker is p-lactoglobulin (BLG).
[0148] For the central portions of the array ‘pads’ created
on a PATH™ slide, covering the central nearly square area
with side length of 4-5 mm, good intra-well uniformity of
array probing pattern could be achieved for volumes as low as
7 pl. The results are shown in FI1G. 10, where FIG. 10A shows
an image of the array, and FIG. 10B shows array signal
distribution. The values are shown in Table 1 below:
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[0149] Typically outside the area covered by about 9-10
rows of spots positioned with 500 um spacing, spot signal is
lower in the rows and columns (i.e. for spots positioned at the
perimeter). Without wishing to be bound by theory, one pos-
sible explanation of these edge effects is that the cell ‘perim-
eter’ being a liquid-gas interface is subject to the surface
tension of the meniscus, which affects the diffusion of the
analyte in the proximity of the meniscus.

[0150] The demonstrations of the principle of the invention
with this model biological assay were achieved on the fol-
lowing surfaces: APTES silane (made in own lab by dip-
coating), nitrocellulose (optically clear, made in own lab by
spin-coating), PATH (thin commercial nitrocellulose cover-
ing the slide solidly from GenTel), and FAST (commercial
thick porous nitrocellulose from Whatman, 16-pad design).
The smallest ‘well” volume of sample applied in the proot-
of-principle studies for the model BSA microarray assay was
7 ul. This is about 10 times smaller volume than the minimal
volume required to be used on the conventional frames to
achieve similar result.

[0151] (Key steps in the array probing protocol are the same
or similar to probing protocols followed with the use of con-
ventional frames, but two adaptations need to be highlighted.
Preferably, when more than one binding reaction is carried
out, the last application of wash preceding application of the
next sample should not contain any detergent. This can easily
be achieved, for example, by performing the last wash in PBS
only, After this final rinse, preferably the bulk of the wash
solution clinging to the slide is removed, which is easily
achieved, for example, by blowing nitrogen or dry air over the
array slide for a few seconds, or by spinning the slide. This
latter step should preferably be done quickly that it does not
introduce any excessive drying of the slide. After these two
steps the array slide is ready to be loaded onto the patterned
chip filled with the next sample for the next reaction. At every
stage where sample loading is involved it is possible for the
operator to assess visually whether the ‘wells’ are physically
separated during the course of the binding reaction.)

Example 4—Comparison with Array Probing Frame

[0152] To exemplify the capability of an assembly embody-
ing the present invention, a test was also carried out of a
realistic and challenging (protein-protein interactions are not
always strong, minimal amount of capture protein used)

TABLE 1
COLUMN No. — ROW
ROW No. | 1 2 3 4 5 6 7 8 9 10 AVERAGE CV
111770 1595 1643 1724 1744 1718 1772 1658 1674 1654 1695 3.5
211657 |1585 1492 1495 1549 1618 1532 1518 1467 1563 1548 3.9
311620 |1549 1515 1524 1580 1526 1531 1486 1452 1501 1528 31
411637 |1546 1567 1521 1561 1609 1532 1504 1506| 1522 1551 2.8
511644 |1567 1535 1525 1540 1542 1483 1499 1484 1390 1521 4.3
6[1674 (1574 1583 1486 1504 1531 1498 1522 1487 1334 1519 5.7
711726 |1569 1520 1465 1547 1488 1468 1494 1414| 1333 1502 6.9
8[1685 [1551 1474 1477 1479 1493 1477 1542 1346| 1253 1478 7.8
911606 |1484 1462 1459 1469 1436 1418 1363 1367 1249 1431 6.5
1011471 1325 1296 1313 1265 1197 1274 1342 1388 1340 1321 5.6
COL. AVERAGE 1649 1535 1509 1499 1524 1516 1499 1493 1459 1414 1509
cv 4.8 5.2 6.1 6.7 7.8 9.1 8.2 5.9 6.4 9.8 6.3
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microarray assay. The assay involved was ERK2-His inter-
acting with KSR-GST detected by mouse anti-GST and anti-
mouse AlexaFluor647-labelled antibody. The fully processed
slides were fluorescently scanned using a ScanArray Express
scanner and imager to reveal the fluorescent spots which had
positively interacted.

[0153] As summarised below, three ‘probing frames’: two
of an example first surface of the present invention, and one
commercial frame, were tested in parallel. The microarray
was created as 16 sub-arrays each on a 12x12 grid (12 spots in
each row) on PATH slides, each structured to the following

layout:
[0154] Array Layout
Row
No.  Spot composition Role in array analysis

1 Anti-mouse AlexaFluor647 Ab  Positive detection and

positioning control

2 PBS spotting buffer only Negative (buffer) control
3  BSAinPBS Negative (interactor) control
4 ERK?2-His at 0.125 mg/ml Interactor protein
5  ERK2-His at 0.125 mg/ml Interactor protein
6  ERK2-His at 0.125 mg/ml Interactor protein
7 ERK2-His at 0.063 mg/ml Interactor protein
8  ERK2-His at 0.063 mg/ml Interactor protein
9  ERK2-His at 0.063 mg/ml Interactor protein

10 ERK?2-His at 0.125 mg/ml Interactor protein

11  ERK2-His at 0.125 mg/ml Interactor protein

12 ERK2-His at 0.125 mg/ml Interactor protein

[0155] The experiment was designed to draw a comparison

between our new design (small volumes) and the conven-
tional clip-on frame (well volume used was 70 pl). Three
array slide of the same manufacturing batch were used, and
subsequent reactions and washes were performed in an
entirely identical manner in each case. Wells filled with the
positive interactor were alternated with the wells containing

11
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‘0 probe’ control (probing bufter 3% BSA in PBS with no
protein added) to examine the possibility of cross-contami-
nation between wells. Probe protein concentration added was
the same in all wells (‘ambient analyte regime’), while the
volumes added were as a particular technique required.
[0156] The results are shown in FIG. 11. The array images
were subjected to normal spot signal quantitation protocol
(built-in Quantitate function of ScanArrayExpress software).
The data presented are Spot Signal-Background (as normal,
representing the actual interactor spots). Details of analysis
were: 300 um spot diameter, adaptive circle mode, spot grid
spacing 450 um, 16 subarrays of 12x12 spots on a 2 col.x8
row sub-grid.

[0157] The data corresponding to rows or columns clipped
by the ‘frames’ and extreme singular outliers were excluded
from the statistical analysis (this is a normal approach in
dealing with real-life arrays). The areas of increased back-
ground were retained in all cases to give a representation of
‘noise’ statistics for the run.

[0158] It should be noted that there is some non-process
variation in the size of the printed spots, i.e. the arrays were
created on a 4-dipenser tip arrayer (Piezorray™) with some
inter-tip variation and also the slides may possess some slight
asymmetry around the vertical axis.

[0159] The data are shown in Tables 2-7 below. Two key
parameters are shown: average spot signal and the associated
CV (Coefficient of Variation). Where there is interaction with
the array, the higher the spot signal the better the perfor-
mance, and the lower the CV the better the performance. For
the negative control arrays, it is important that their signal is
as low as possible.

[0160] The data indicate (Tables 2 to 7 below) that the
quality of microarray probing that can be achieved on
example assemblies of the present invention with small vol-
umes is similar to the conventional frame. However, the con-
ventional frame requires considerably larger probing vol-
umes.

TABLE 2

ERK 0.125 mg/ml

AVER. SPOT SIGNAL CV (n=33-36)

PAD ERK (1) ERK(1) ERK(1) ERK(l) ERK(1) ERK(1)
PROBE NO. CYTOP  PARY FRAME CYTOP  PARY  FRAME
0 probe 1 44 37 29 19 26 20
0 probe 2 57 45 29 22 31 23
KSR-GST 3 223 342 366 15 9 56
KSR-GST 4 624 667 233 54 47 20
0 probe 5 43 32 35 28 30 32
0 probe 6 45 32 27 24 20 33
KSR-GST 7 424 341 290 39 9 17
KSR-GST 8 696 823 319 27 16 20
0 probe 9 45 35 32 34 20 24
0 probe 10 38 38 32 16 16 24
KSR-GST 11 229 301 308 45 18 18
KSR-GST 12 285 850 327 23 23 18
0 probe 13 46 38 23 46 28 39
0 probe 14 39 45 32 26 20 20
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TABLE 3
ERK 0.063 mg/ml
AVER. SPOT SIGNAL CV (n = 33-36)
PAD ERK(2) ERK(2) ERK(2) ERK(2) ERK(2) ERK(2)
PROBE NO. CYTOP PARY FRAME CYTOP PARY FRAME
0 probe 3 23 24 57 28 27 57
0 probe 4 34 30 21 20 33 37
KSR-GST 5 149 146 237 15 17 21
KSR-GST 6 286 257 164 56 40 41
0 probe 7 26 42 9 33 279 119
0 probe 8 30 19 8 36 41 101
KSR-GST 9 173 152 132 35 27 16
KSR-GST 10 220 243 158 19 17 16
0 probe 11 23 23 19 24 28 35
0 probe 12 26 24 24 46 27 29
KSR-GST 13 95 129 117 19 17 31
KSR-GST 14 110 181 147 30 31 23
0 probe 15 22 22 72 37 57 508
0 probe 16 14 17 10 49 46 67
TABLE 4
ERK 0.125 mg/ml
AVER. SPOT SIGNAL CV (n =33-36)
PAD ERK((3) ERK(@) ERK(3) ERK(3) ERK((3) ERK(3)
PROBE NO. CYTOP PARY FRAME  CYTOP PARY FRAME
0 probe 1 38 39 29 19 21 33
0 probe 2 58 45 30 16 23 33
KSR-GST 3 227 356 462 16 16 16
KSR-GST 4 359 552 357 20 15 32
0 probe 5 36 29 31 36 46 26
0 probe 6 39 23 26 27 32 29
KSR-GST 7 304 382 291 18 22 17
KSR-GST 8 447 472 414 14 6 56
0 probe 9 40 31 34 19 27 51
0 probe 10 37 34 50 22 19 28
KSR-GST 11 235 285 265 12 11 22
KSR-GST 12 291 444 329 37 47 20
0 probe 13 51 48 53 27 32 173
0 probe 14 45 47 40 36 22 28
TABLE 5
PBS CONTROL
AVER. SPOT SIGNAL CV(n=11-12)
PAD PBS PBS PBS PBS PBS PBS
PROBE NO. CYTOP PARY FRAME CYTOP PARY FRAME
0 probe 1 -1 22 2 -1537 267 520
0 probe 2 8 5 43 131 147 165
KSR-GST 3 14 29 31 135 72 118
KSR-GST 4 39 45 22 124 52 242
0 probe 5 -1 3 4 -834 226 152
0 probe 6 6 5 5 168 92 527
KSR-GST 7 19 32 10 105 41 108
KSR-GST 8 37 47 15 42 66 49
0 probe 9 6 7 2 104 103 287
0 probe 10 3 8 352 219 73 352
KSR-GST 11 19 29 18 83 59 46
KSR-GST 12 19 46 21 94 44 74
0 probe 13 2 1 611 302 1438 611
0 probe 14 2 6 3 369 134 316
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TABLE 6
BSA CONTROL
AVER. SPOT SIGNAL CV (n=11-12)
PAD  BSA BSA BSA BSA  BSA BSA
PROBE NO. CYTOP PARY FRAME CYTOP PARY FRAME
0 probe 1 36 13 21 78 58 91
0 probe 2 32 26 18 28 45 40
KSR-GST 3 -10 89 14 -180 18 191
KSR-GST 4 98 149 8 89 18 298
0 probe 5 26 24 22 23 26 28
0 probe 6 29 29 25 48 29 31
KSR-GST 7 -34 97 20 -76 19 95
KSR-GST 8 174 222 63 25 16 99
0 probe 9 21 17 19 28 35 50
0 probe 10 24 23 20 52 37 37
KSR-GST 11 -1 161 66 -1411 24 52
KSR-GST 12 23 246 121 194 50 68
0 probe 13 25 125 19 39 288 26
0 probe 14 27 33 28 43 37 38
TABLE 7
Ab CONTROL
AVER. SPOT SIGNAL CV (n=11-12)
PAD FluorAb  Fluor Ab FluorAb  FluorAb  FluorAb  Fluor Ab
PROBE NO. CYTOP  PARY FRAME CYTOP  PARY  FRAME
0 probe 1 15490 11926 11688 8 6 5
0 probe 2 14130 12424 10650 5 7 4
KSR-GST 3 20090 17077 13696 7 9 4
KSR-GST 4 20851 16093 13575 8 8 3
0 probe 5 21522 19139 17762 7 16 4
0 probe 6 22084 17198 18045 9 11 8
KSR-GST 7 10538 7882 7383 9 10 17
KSR-GST 8 9254 7403 7098 14 11 15
0 probe 9 7864 5991 5991 13 7 4
0 probe 10 7209 6233 5763 6 7 4
KSR-GST 11 16509 12680 13056 11 9 10
KSR-GST 12 16717 12166 12251 7 8 13
0 probe 13 18875 16611 14757 10 8 10
0 probe 14 19159 16644 15851 7 4 9
Example 5—Comparison with LifterSlip [0164] Additionally, the parameter ‘block average CV’
. . each for 88 interactor spots) (CV is coefficient of variation
[0161] A comparison of an assembly embodying the ( pots) ( ’

present invention (having a single surface wettable region),
with a similar assay covered with a “LifterSlip” was carried
out.

[0162] The array type was protein-protein interaction,
using 48 (4x12)blocks 0f 10x10 spots. There were 88 capture
spots of ERK2 per block. The area probed was 20 mmx60
mm. The spacer gap was 62 um. The surface of the array slide
was PATH (thin nitrocellulose). 2% BSA in PBS was supplied
as a blocker, and the probe used was 10 uM KSR(ERK2
binding domain)-GST in 2% BSA in PBS. The detection step
employed mouse anti-GST+anti-mouse AlexaFluor647. The
sample volume applied was 75 ul in both cases.

[0163] This test indicated that using a first surface accord-
ing to the present invention, rather than a LifterSlip, enhances
uniformity of microarray probing. The array images are
shown in FIG. 12A. The central portion of the array slide is
shown (array blocks 17-32), which is an area of about 20
mmx20 mm. The images show a more uniform array probing
response, with fewer artefacts for the assembly of the present
invention (labelled “CHIP”).

which is the standard deviation divided by average*100%)
was charted for all 48 array blocks, and shows that array data
with a first surface according to the present invention are
significantly less variable, as shown in FIG. 12B. The average
CV for 48 blocks was 55 for the LifterSlip, and 31 where a
first surface according to the present invention was used.

[0165] This reduction of the statistical ‘noise’ leads to more
reliable identification of protein-protein interactions on
arrays.

[0166] Results of a similar protein-protein interaction array
are shown in FIG. 12C. The arrays used were the same as
those used for FIG. 12A. However, the sample volumes
applied were different. The LifterSlip does not allow more
sample to be applied in a controlled way, so again a sample
volume of 75 pl was applied. In contrast, the gap between the
first and second surfaces of an assembly embodying the
present invention was adjusted, to allow a sample volume of
120 pl to be applied. FIG. 12C shows that here, the assembly
embodying the present invention produced dramatically bet-
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ter data quality. This illustrates that varying the gap between
the first and second surfaces can be advantageous.

[0167] These embodiments have been described by way of
example only. Modifications of these embodiments, further
embodiments and modifications thereof will be apparent to
the skilled person on reading this disclosure and as such are
within the scope of the present invention.

[0168] All references cited herein are hereby incorporated
herein by reference in their entirety for all purposes.
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1. An assay assembly comprising

a first surface having at least one sample liquid wettable
surface region defined by a sample liquid repelling
boundary; and

a second surface, opposed to the first surface, having ana-
lyte binding agent immobilised thereon, the immobil-
ised binding agent being provided on the second surface
in one or more two-dimensional arrays of discrete array
elements, wherein at least two different array elements
of the two dimensional array comprise different immo-
bilised binding agent.

2. An assay assembly according to claim 1 wherein the
second surface has two or more two dimensional arrays of
discrete array elements of immobilised binding agent.

3. Anassay assembly according to claim 1, wherein the first
surface has a plurality of sample liquid wettable surface
regions, each defined by a sample liquid repelling boundary.

4. An assay assembly according to claim 1 wherein each
sample liquid wettable surface region is a hydrophilic surface
region, and wherein each sample liquid repelling boundary is
a hydrophobic boundary.

5. An assay assembly according to claim 1 wherein each
sample liquid wettable surface region has at least two dimen-
sions of at least 0.5 mm.

6. An assay assembly according to claim 1, wherein the first
surface has one or more inlet channels, for loading sample
liquid into the sample liquid wettable surface regions.

7. An assay assembly according to claim 1 wherein at least
one of the sample liquid wettable surface region includes one
or more overtlow regions.

8. An assay assembly according to claim 1 wherein each
sample liquid wettable surface region requires a sample liquid
volume of 60 ul or less.

9. An assay assembly according to claim 1 wherein the
second surface has at least one sample liquid wettable surface
region defined by a sample liquid repelling boundary.

10. An assay assembly according to claim 1, wherein the
first surface is a surface of a first substrate and the second
surface is a surface of a second substrate.

11. An assay assembly according to claim 10, wherein the
first and second substrates are held in a holder, comprising a
first substrate receiving site which holds the first substrate and
a second substrate receiving site which holds the second
substrate.

12. An assay assembly according to claim 11 wherein the
first and second substrate receiving sites are configured to
substantially prevent lateral movement of the first and second
substrate with respect to the holder.

13. (canceled)

14. A kit of parts comprising:

a first substrate having a first surface, wherein the first
surface has at least one sample liquid wettable surface
region defined by a sample liquid repelling boundary;
and

a holder having a first substrate receiving site for holding
the first substrate and a second substrate receiving site
for holding a second substrate,

wherein the first and second substrate receiving sites are
arranged or arrangeable to hold the first and second
substrates in a position wherein a surface of the second
substrate is opposed to the first surface.

15. A method of determining one or more properties of a

sample liquid, the method comprising:

providing a sample liquid between a first surface and a
second surface, wherein the first surface has at least one
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sample liquid wettable surface region defined by a
sample liquid repelling boundary, and wherein the sec-
ond surface is opposed to the first surface and has analyte
binding agent immobilised thereon; and

determining one or more properties of the liquid sample by

detecting binding of analyte to the immobilised analyte
binding agent.

16. A method according to claim 15 wherein the property
or properties of the sample liquid determined in the method
are selected from

the presence or absence of one or more analytes in the

sample liquid;

the concentration of one or more analytes in the sample

liquid; and

a property of one or more analytes in the liquid.
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