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FIG. 2A 
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FIG. 3 cont 
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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 (eg spots). 
The functionalised substrate is brought into contact With a 
liquid sample, eg 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 
?uorescently 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 ?rst 
described in the 1980s (see Ref. 1). DNA microarrays Were 
?rst 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 to 6). 
[0006] The ?elds 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 off 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 (eg 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 con?ned 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 [1.1 and 70 [1.1 respectively). In 
practice, leaks around the sealing gasket can cause cross 
contamination. Holding the sealing gasket more ?rmly 
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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 W02005/1 13131.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 ofWe11s. 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 modi?cation system called SlideIm 
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 [1.1 of sample liquid. Sample liquid evaporation 
remains a problem With this system. This system is relatively 
expensive, and requires modi?cation 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 
[1.1 of liquid sample is trapped under a slip over an array slide. 
The slip may be a plastic, planar s1ip such as the HybriSlipTM, 
available from Grace Bio-Labs Invitrogen. A recent develop 
ment is the LifterSlipTM, available from Thermo Scienti?c 
and Erie Scienti?c, Which is a glass s1ip 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 dif?cult 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 Wouldbe 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 
?rst surface Which has been patterned to de?ne one or more 
“Wells” e. g. by providing hydrophilic areas de?ned by hydro 
phobic boundaries, and a second surface, intended to be 
opposed to the ?rst surface, having analyte binding agent (eg 
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 con?nes the sample liq 
uid to the hydrophilic regions. This con?nement is believed to 
result from the surface tension of the liquid. The con?nement 
of the sample liquid to the hydrophilic region(s) a11oWs 
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 



US 2013/0252847 A1 

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 ?rst aspect, the present invention 
provides an assay assembly comprising 

[0013] a ?rst surface having at least one sample liquid 
Wettable surface region de?ned by a sample liquid repel 
ling boundary; and 

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

[0015] In this Way, When a sample liquid is provided 
betWeen the ?rst and second surfaces, the liquid sample may 
be con?ned 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 (eg overlie) the sample liquid Wet 
table surface region(s) of the ?rst 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, eg 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, eg 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 con?ned to areas in con 
tact With the liquid in the channel. 
[0018] Reference 11 describes the use of micro?uidics 
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 micro?u 
idics With microarray technology. It describes the formation 
of a netWork of ?uidic 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] In a second aspect, the present invention provides a 
kit of parts comprising: 

[0021] a ?rst surface having at least one sample liquid 
Wettable surface region de?ned by a sample liquid repel 
ling boundary; and 

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

[0023] Conveniently, the ?rst surface may be a surface of a 
?rst substrate, and the second surface may be a surface of a 
second substrate. It Will be understood that the ?rst and sec 
ond surfaces are positionable such that the second surface is 
opposed to the ?rst surface. 
[0024] Preferably, the kit of parts further comprises a 
holder having a ?rst substrate receiving site for holding the 
?rst substrate and a second substrate receiving site for holding 
the second substrate. The ?rst and second substrate receiving 
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sites are arranged or arrangeable to hold the ?rst and second 
substrates in a position Wherein the second surface is opposed 
to the ?rst surface. For example, the ?rst and second substrate 
receiving sites may be moveable relative to each other. 
[0025] It Will be understood that the ?rst 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 ?rst surface may be used in a ?rst assay, Washed, and then 
employed in another, different assay. It Will be understood 
that the ?rst surface may be supplied separately from the 
second surface. Accordingly, in a third aspect, the present 
invention provides a kit of parts comprising 

[0026] a ?rst substrate having a ?rst surface, Wherein the 
?rst surface has at least one sample liquid Wettable sur 
face region de?ned by a sample liquid repelling bound 
ary; and 

[0027] a holder having a ?rst substrate receiving site for 
holding the ?rst substrate and a second substrate receiv 
ing site for holding a second substrate, 

[0028] Wherein the ?rst and second substrate receiving 
sites are arranged or arrangeable to hold the ?rst and 
second substrates in a position Wherein a surface of the 
second substrate is opposed to the ?rst 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 
?rst substrate receiving site for holding the ?rst substrate and 
a second substrate receiving site for holding a second sub 
strate, Wherein the ?rst and second substrate receiving sites 
are arranged or arrangeable to hold the ?rst and second sub 
strates in a position Wherein a surface of the second substrate 
is opposed to the ?rst surface. 
[0030] In a ?fth 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 ?rst surface 
and a second surface, Wherein the ?rst surface has at 
least one sample liquid Wettable surface region de?ned 
by a sample liquid repelling boundary, and Wherein the 
second surface is opposed to the ?rst 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 ?rst 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 ?rst surface and a second surface, for 
example as de?ned in any of the aspects described herein. The 
method may comprise patterning a ?rst surface to provide at 
least one sample liquid Wettable surface region de?ned by a 
sample liquid repelling boundary. The method may comprise 
immobilising binding agent on a second surface. Preferably, 
the ?rst surface is a surface of a ?rst 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 ?rst 
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 shouldbe interpreted as references 
to the sample liquidWettable 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 ?rst surface is substantially planar, 
The patterning to provide the hydrophilic surface regions and 
the hydrophobic barriers may provide some unevenness on 
the ?rst surface, and accordingly, it is understood that the ?rst 
surface is preferably macroscopically planar, e.g. substan 
tially ?at. 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, 400 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°, 
at least 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 ?rst surface constituted 
by a sample liquid Wettable material, eg in a layer, for 
example a layer formed on the ?rst 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 ?rst 
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 ?uoropolymers (e.g. 
amorphous ?uoropolymers) such as Te?on® from Du Pont®, 
CYTOP® from Asahi Glass, Fluoropel® from Cytonix 
(http://cytonix.com/?uoropel.html) or polymerised C4138, 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 ?rst substrate is not particularly 
limited. The ?rst 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 ?rst 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) de?ned by hydro 
phobic boundaries may be forrned 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: 
(i) forming a ?rst 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 ?rst layer (Where the 
?rst layer is hydrophobic, preferably the second layer is 
hydrophilic, and vice versa); 
(iii) forming a resist layer (eg 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 ?rst layer; and 
(vi) removing any remaining resist layer. 
[0046] Where the substrate itself is to be exposed to provide 
the sample liquid Wettable surface region(s) or the sample 
liquidrepelling boundary, the step of forming a ?rst layer may 
be omitted. In that case, references to the ?rst 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 ?rst layer may be an oxide layer. For example, 
it may be formed by oxidation (e.g. thermal oxidation) of a 
surface of the ?rst substrate. Alternatively, the ?rst layer may 
be formed by plasma enhanced chemical vapour deposition. 
Other suitable methods of forming the ?rst layer, e. g. a layer 
of sample liquid Wettable material, Will be apparent to the 
skilled person. A suitable thickness for the ?rst layer is about 
0.5 pm to about 1 pm. 
[0048] The second layer should preferably be deposited 
substantially evenly over the surface of the ?rst layer. After it 


























