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ABSTRACT 

A method and apparatus for incubating a liquid reagent With 
target spots on a microarray substrate. Adeformable cover is 
placed over the surface of the microarray substrate having 
the target spots With the liquid reagent betWeen the microar 
ray substrate and the deformable cover, and a device is used 
to apply a force to the deformable cover. 
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METHOD AND APPARATUS FOR INCUBATION 
OF A LIQUID REAGENT AND TARGET SPOTS ON 

A MICROARRAY SUBSTRATE 

FIELD 

[0001] The present invention relates generally to methods 
and systems for hybridizing and/or incubating microarrays. 

BACKGROUND OF THE INVENTION 

[0002] Microarrays are arrays of very small samples of 
puri?ed DNA, protein, antibody, or small molecule target 
material arranged as a grid of up to hundreds or thousands 
of small spots immobilized onto a solid substrate. FIG. 1A 
is a top vieW of a typical microarray. The microarray 
substrate 10 is typically coated or derivatiZed uniformly over 
its top surface 12 to afford chemical or electrostatic binding 
of small droplets of the target material in solution. The 
droplets of target solution dry and bind to the top surface 12 
of the substrate 10, forming target spots 5 that are generally 
from tens to hundreds of microns in diameter. The target 
spots 5 form a spotted area 7 on the top surface 12 of the 
substrate 10. The spotted area 7 in the substrate 10 of FIG. 
1A is rectangular and has a broken line draWn around it. 

[0003] Amicroarray can be used to detect complementary 
probes. The immobiliZed target spots on the microarray 
substrate are exposed to complementary DNA, protein, 
antigen, or chemical probe samples in liquid solution. The 
probe materials in solution, Which are generally derived 
from cells, bodily ?uids, or combinatorial chemistry librar 
ies, are labeled With ?uorescent dyes. The probe materials 
bind at complementary target spots on the microarray, and 
the dyes alloW for subsequent detection and measurement of 
the relative concentration of each species of complementary 
probe material at each target spot. Other detection schemes 
may be used aside from ?uorescence, such as the use of 
radioactive markers, chemiluminescence, and surface plas 
mon resonance (SPR). 

[0004] In some references relating to microarrays, the 
nomenclature for the immobiliZed spot material on the 
microarray substrate (called “target” material here) and the 
solution applied to the spots for selective binding assays 
(called “probe” material here) is reversed. 

[0005] Through a process called hybridiZation, DNA 
probe material in solution selectively binds to target spots on 
the microarray substrate only Where complementary bond 
ing sites occur. Similarly, labeled protein probe material 
only binds selectively to target spots With speci?c comple 
mentary bonding sites; this process is called af?nity binding 
and incubation in protein and antibody assays. Selective 
reactions of smaller organic or inorganic chemicals (small 
molecules) to one another or to proteins or DNA can occur 
in the same Way. DNA hybridiZation and the terminology 
associated With DNA microarrays Will be used throughout 
this speci?cation, but it is to be understood that the same 
processes and effects apply to these other types of microar 
rays. 

[0006] After the reaction betWeen the probe material and 
the target material is alloWed to occur, quantitative scanning 
in a ?uorescent microarray scanner produces a pixel map of 
?uorescent intensities. This ?uorescent pixel map can be 
analyZed by special purpose quantitation algorithms to 
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reveal the relative concentrations of the ?uorescent probe 
materials at each target spot on the microarray, thus indi 
cating the level of gene expression, protein concentration, or 
the like present in the cells from Which the probe materials 
Were extracted. 

[0007] The microarray substrate is generally made of glass 
that has been treated chemically to provide for molecular 
attachment of the target spot samples of microarray target 
material. The substrate 10 can also be made of plastic, 
silicon, ceramic, metal, or other rigid material. The microar 
ray substrate 10 is also generally of the same siZe and shape 
as a standard microscope slide, about 25 mm 75 mm><1 mm 
thick. The array area of target spots can extend to Within 
about 1.5 mm of the edges of the substrate, although this 
array area can also be smaller. Typically, the target spots are 
approximately round. The target spot diameter can vary 
from about 50 microns to about 500 microns, depending on 
the dispensing or spotting technique used to apply the target 
spots to the microarray substrate. The center-to-center spac 
ing betWeen the target spots on the microarray substrate 
usually falls into the range of about 1.5 to 2.5 target spot 
diameters. The target spots are typically printed or “spotted” 
on the top surface of the substrate by pin-type spotting 
instruments Which deposit droplets by a stamping process, 
Where a small (<1 nanoliter) amount of liquid from the 
Wetted end of the pin is transferred to the top surface of the 
substrate. Alternately, pieZo-electric dispensers can dispense 
drops onto a substrate’s activated surface (called the spotted 
area of the top surface here) in a manner similar to an ink-jet 
printer. 
[0008] The protocols for producing the ?uorescently 
labeled probe solutions can be fairly complex. For differ 
ential gene-expression DNA microarrays, exemplary probe 
preparation steps are: 

[0009] Tissue or cell isolation 

[0010] RNA extraction 

[0011] RNA puri?cation 

[0012] Reverse transcription of RNA to cDNA 

[0013] Attachment of the ?uorescent label to all 
species of DNA the solution 

[0014] Dye teminator cleanup 

[0015] Addition of buffer to attain desired volume, 
concentration, pH, etc. 

[0016] Acommon type of microarray is used for analyZing 
differential gene expression. Labeled probe material is pre 
pared from each of tWo or more tissues or cell types; the 
RNA/cDNA extracted from each tissue type is labeled With 
a different dye. Then, the tWo or more labeled probes are 
mixed together and applied in solution form to the microar 
ray. The probe mixture is kept in intimate contact With the 
immobiliZed target spots on the microarray for some number 
of hours, typically at a temperature above ambient tempera 
ture, to alloW the complementary strands of DNA to come 
into contact With one another and to bind. This process is 
generally called “incubation,” and “hybridization” is used to 
refer to single-stranded DNA segments binding into a 
double-helix. In contrast, antibody-antigen assay incubation 
is often carried out at room temperature for times on the 
order of 5-60 minutes. 
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[0017] FIG. 1B shows a side vieW of a typical cover glass 
arrangement that has been used for reacting the probe 
material With target spots. In the arrangement of FIG. 1B, 
the microarray substrate 10 is placed on a Work surface 14 
With the top surface 12 of the microarray substrate 10 having 
the spotted area 7 facing up. A selected volume of liquid 
probe solution 16 is then placed as a thin layer on the top 
surface 12 Where the spotted area 7 (not shoWn) is located, 
and a cover glass 18 is placed over the liquid probe solution 
16. Atypical volume of the liquid probe solution 16 is about 
15-25 microliters. This small volume of liquid probe solu 
tion 16 is deposited on the spotted area 7 of the top surface 
12 as a drop. The cover glass 18 placed on top of the drop 
of liquid probe solution 16 spreads the drop into a thin layer 
over the spotted area 7 of the top surface 12 With about the 
same dimensions as the cover glass 18. The layer of liquid 
probe solution 16 can be about 10-60 microns thick and is 
kept in place by the capillary effect of being sandWiched 
betWeen tWo planar pieces of glass. The dimensions of the 
spotted area 7 on the top surface 12 and the cover glass 18 
are usually smaller than the dimensions of the microarray 
substrate 10, but in some cases the spots, the cover glass 18 
and the liquid probe solution 16 can cover the entire top 
surface 12 of the microarray substrate 10. 

[0018] The microarray substrate 10 With liquid probe 
solution 16 and the cover glass 18 is then placed in a sealed 
chamber of some sort to prevent the probe from evaporating 
or drying during incubation. Specially designed hybridiZa 
tion chambers are available for this (a Telechem HybridiZa 
tion Cassette, for example), but many researchers use com 
mon labWare such as 50 ml centrifuge tubes or Copeland 
jars. Often, a laboratory Wipe or other absorbent object 
soaked With Water is placed into the hybridiZation chamber 
With the microarray and probe liquid to keep the humidity in 
the chamber near 100% to minimize drying of the probe 
liquid. Drying of the probe mixture leads to very high 
nonspeci?c attachment of the ?uorescent dye to the microar 
ray, Which in turn causes very high background ?uorescent 
signals that may droWn out the hybridiZation signals Where 
drying has occurred. 

[0019] The molecular event that causes a labeled molecule 
in the liquid probe solution 16 to bind to one of its immo 
biliZed complements on the top surface 12 requires that the 
tWo molecules be in intimate contact. With the cover glass 
method described in connection With FIG. 1B, diffusion is 
the only vehicle for molecular movement. In other methods, 
a stick-on cap can be affixed over a substrate With liquid 
probe solution, and then the liquid probe solution can be 
agitated during incubation by shaking the combination of the 
substrate and stick-on cap, or by pumping liquid to and from 
under the stick-on cap. 

SUMMARY OF THE INVENTION 

[0020] One embodiment of the invention is a method for 
incubating a liquid reagent With target spots on a ?rst surface 
of a microarray substrate. In this embodiment, the liquid 
reagent is con?ned betWeen a deformable cover and the 
surface of the substrate having the target spots. The deform 
able cover is then deformed by applying a force to the cover 
With a de?ector. The force can vary in location of applica 
tion, magnitude, or in a combination of magnitude and 
location of application. The de?ector, Which can be a roller, 
can apply a force to the deformable cover in different 
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locations along the deformable cover, thus agitating the 
liquid reagent and aiding in incubation. Deformation of the 
deformable cover can be in either a top region or in a gasket 
of the cover. 

[0021] In an alternative method for incubating reagents in 
accordance With the invention, a deformable cover is placed 
upon a mechanical support or a Work surface. In one 
embodiment, the deformable cover is placed upside-doWn 
on the Work surface. Liquid reagent is then placed on the 
deformable cover, either manually or automatically. The 
microarray substrate is then placed over the cover With the 
liquid reagent, thus forming a reaction chamber betWeen the 
liquid reagent and the substrate. The microarray substrate 
and the deformable cover are then moved to agitate the 
liquid reagent. A force can be applied to the deformable 
cover With a de?ector to agitate the liquid reagent in the 
reaction chamber. Upon application of the force, the deform 
able cover can deform to move the liquid reagent in the 
reaction chamber. Additionally, When the liquid reagent is 
placed in the cover, the amount of liquid reagent can be 
applied so that an air bubble remains Within the reaction 
chamber upon application of the substrate over the deform 
able cover. Upon application of the force to the deformable 
cover, the air bubble can aid in the agitation of the liquid 
reagent. 

[0022] Another embodiment of the invention is an appa 
ratus for incubating a liquid reagent With target spots on a 
?rst surface of a microarray substrate. In this embodiment, 
the apparatus can include a deformable cover and a de?ector. 

The deformable cover is adapted to seal the liquid reagent 
betWeen the deformable cover and the ?rst surface of the 
microarray substrate, thus forming a reaction chamber. The 
de?ector is designed to apply a force to the deformable cover 
to agitate the liquid reagent Within the reaction chamber. 

[0023] Yet another embodiment of the invention is also an 
apparatus for incubating a liquid reagent With target spots on 
a ?rst surface of a microarray substrate. In this embodiment, 
the cover includes a substantially rigid lid and a gasket that 
deforms more easily than the lid. A ?rst actuator and a 
second actuator are used to apply forces to the cover, thus 
deforming the gasket of the cover. Upon alteration of the 
force produced by the ?rst actuator and the force produced 
by the second actuator, the lid of the cover tilts, thus 
producing a ?oW of liquid reagent over the microarray 
substrate. This ?oW of liquid reagent can aid in the reaction 
during incubation. In one embodiment, the sum of the force 
produced by the ?rst actuator and the force produced by the 
second actuator remains substantially constant as the tWo 
forces vary. In this manner, When one of the forces increases, 
the other force decreases by approximately the same mag 
nitude. This substantially constant sum of the forces can 
ensure that a suf?cient force remains on the cover to keep the 
seal formed betWeen the gasket and the substrate so that 
liquid reagent does not escape during the incubation process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 
[0025] FIG. 1B is a side vieW of a prior art system used 
for incubating microarrays With liquid probe solution. 

[0026] FIG. 2 is a perspective vieW of one embodiment of 
an apparatus for incubating a liquid reagent With a microar 
ray. 

FIG. 1A is a top vieW of a typical microarray. 
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[0027] FIG. 3A is a side cross-sectional vieW of the 
embodiment of the apparatus of FIG. 2. 

[0028] FIG. 3B is an end vieW of the embodiment of the 
apparatus of FIGS. 2 and 3A. 

[0029] FIG. 4 is a perspective vieW of a second embodi 
ment of an apparatus for incubating a liquid reagent With a 
microarray. 
[0030] FIG. 5 is a side cross-sectional vieW of the embodi 
ment of the apparatus of FIG. 4. 

[0031] FIG. 6 is a perspective vieW of a third embodiment 
of an apparatus for incubating a liquid reagent With a 
microarray. 

[0032] FIG. 7 is a side cross-sectional vieW of the embodi 
ment of the apparatus of FIG. 6 in a ?rst position. 

[0033] FIG. 8 is a side cross-sectional vieW of the embodi 
ment of the apparatus of FIG. 6 in a second position for 
agitating the liquid reagent. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS OF THE INVENTION 

[0034] The embodiments of the invention provide meth 
ods and devices for con?ning the liquid probe solution 
inside a cap that is attached to the microarray substrate. The 
cap can be a stick-on or clamped-on cap that alloWs positive 
displacement agitation to agitate the liquid probe solution. 
The cap is deformed by the application of variable mechani 
cal forces substantially normal to the microarray surface. 
The deformation can occur in the cap’s top or gasket 
regions, or in both regions. Compressive deformation of the 
cap produces a localiZed reduction in volume Within the cap, 
thus forcing the liquid probe solution to move aWay from the 
site of application of the force application. 

[0035] The term “reaction” Will be used throughout this 
speci?cation to refer generally to hybridization, affinity 
binding and incubation, or any other type of reaction 
betWeen probe material and target spots. In addition, the 
term “liquid reagent” or “liquid probe solution” Will be 
broadly used throughout this speci?cation to refer to solu 
tion having DNA probe material, labeled protein or immu 
noassay probe material. 

[0036] One embodiment of the apparatus 100 of the inven 
tion is depicted in FIGS. 2, 3A, and 3B. FIG. 2 is a 
perspective vieW of the embodiment, FIG. 3A is a side 
cross-sectional vieW, and FIG. 3B is an end vieW. This 
embodiment of the invention includes a stick-on cap or 
cover 50 and a de?ector 62. The cover 50 can have a gasket 

region 52 and a top region 54 (see FIG. 3A). Either the 
gasket region 52 or top region 54 of the cover 50 can be 
deformable, or both regions 52, 54 can be deformable. The 
de?ector 62 is a mechanical device that can be used to 
physically contact the cover 50 to deform the cover 50. 

[0037] In operation, a volume of liquid reagent 56 is 
placed in the cover 50, and a microarray substrate 10 is 
placed on top of the liquid reagent-?lled cover 50 With the 
top surface 12 (having spotted area 7) of the substrate 10 
facing doWnWard, toWard the cover 50. The cover 50 can 
then be sealed onto the microarray substrate 10 by adhesive 
or mechanical clamping, or a combination of adhesive and 
clamping. The gasket region 52 of the cover 50 contacts the 
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microarray substrate 10 in this embodiment, and a sealed 
reaction chamber 60 results in the space betWeen the top 
surface 12 of the microarray substrate 10 and the cover 50. 

[0038] Referring to FIG. 3A, the cover 50 can be slightly 
under?lled With liquid reagent 56 such that an air bubble 58 
is left in the reaction chamber 60. After the cover 50 has 
been secured to the substrate 10 through clamping and/or 
adhesion, the substrate-cover assembly is brought into con 
tact With the de?ector 62, and a force is applied to the cover 
50. In FIGS. 2, 3A, and 3B, the force applied by the 
de?ector 62 has a component in the direction of arroW A, 
although the force can also have components in other 
directions. The application of the force to the cover 50 by the 
de?ector 62 causes a deformation in the cover 50, Which 
causes a localiZed volume change in the reaction chamber 
60. The volume of the reaction chamber 60 in a small portion 
of the reaction chamber 60 under a millimeter-Wide rect 
angle underneath the de?ector 62, for instance, Would 
decrease, and the volume in other portions of the reaction 
chamber Would increase. This localiZed volume change 
causes a How of liquid reagent 56 in the reaction chamber 
60, thus agitating the liquid reagent 56. 

[0039] In the embodiment of the invention shoWn in 
FIGS. 2, 3A, and 3B, the apparatus 100 of the invention 
includes a mechanical support 70 that aligns or registers the 
cover 50 With the microarray substrate 10 (see FIGS. 2 and 
3A). In this embodiment, the mechanical support 70 
includes a cover recess 72 that has dimensions to ?t the 
cover 50. The cover 50, therefore, can be placed in this cover 
recess 72 so that the cover 50 is precisely located Within 
about 50-250 microns in the mechanical support 70. Simi 
larly, the mechanical support 70 includes a substrate pocket 
or recess 74 that aligns the substrate 10 over the cover 50 
Within the mechanical support 70. The microarray substrate 
10 can be placed in the substrate pocket 74 and then af?Xed 
to the cover 50 by a clamp, set of doWel pins, or other device 
that registers the substrate 10 With the cover 50. The use of 
a mechanical support 70 With recesses dimensioned to the 
siZe of the cover 50 and substrate 10 can assist in locating 
the substrate 10 and the cover 50. In FIGS. 2, 3A, and 3B, 
the cover recess 72 and substrate pocket 74 are simply 
stepped areas of the mechanical support 70 designed to 
accommodate a rectangular cover 50 and a rectangular 
substrate 10. 

[0040] In the embodiment depicted in FIGS. 2, 3A, and 
3B, the de?ector 62 is a reciprocating roller. The roller is 
driven by mechanisms Which cause it to produce a normal 
force on the top surface 54 of the cover 50 (a force in the 
direction of arroW A). The roller can be a cylindrically 
shaped roller that contacts the cover 50 along a line on the 
surface of the cover 50 or a ball-shaped roller that contacts 
the cover 50 at a single point. In addition, the roller of FIGS. 
2, 3A, and 3B can move in a reciprocating motion back and 
forth across the surface of the cover 50. For instance, the 
roller can move in the direction of arroW B-B, as shoWn in 
FIGS. 2 and 3A, in the direction of arroW C-C, as shoWn in 
FIG. 2, or in a combination of these directions. Multiple 
rollers can be used to contact the cover 50. 

[0041] In one embodiment, the normal force (in the direc 
tion of arroW A in FIGS. 2, 3A, and 3B) produced by the 
de?ector 62 is in the range of about 1-20 neWtons (N), Which 
is suf?cient to de?ect a cover 50 made of glass, plastic 
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and/or rubber, or entirely of plastic, by tens of microns at the 
point of contact of the de?ector 62 and the cover 50. In one 
embodiment, both the top region 54 and gasket region 52 of 
the cover 50 de?ect under these conditions, but most of the 
de?ection occurs in the top region 52. The liquid reagent 56 
is displaced under the cover 50 by this de?ection, and as the 
roller 62 moves across the cover 50, there is displacement 
and agitation of the liquid reagent 56. 

[0042] In FIGS. 2, 3A, and 3B, one or more arched leaf 
springs 80 can be rotated or placed over the substrate 10 and 
then used to apply a doWnWard force to the substrate 10. The 
arched leaf springs 80, Which are best seen in FIG. 3B, can 
be a substantially ?at strip of metal, such as steel, bent into 
an arc. The arc can be attached to a spring support 82 on each 
of its ends, as shoWn in FIG. 3B. In operation, When an 
arched leaf spring 80 is positioned over the substrate 10 at 
an appropriate height, the spring deforms upWard (in the 
direction of arroW A), Which produces a doWnWard force by 
the spring 80 on the substrate 10. In this embodiment, the 
cover recess 72 of the mechanical support 70 can be ?tted 
With a sponge-like material that easily compresses upon 
application of a force by the springs 80. When the springs 80 
are used to provide a doWnWard force on the substrate 10 
and cover 50, therefore, the sponge-like material Will com 
press, thus alloWing the cover 50 and substrate 10 to move 
doWnWard and into contact With the roller 62. 

[0043] In operation of one embodiment of the invention, 
the roller 62 can be ?xed in location. Upon application of a 
doWnWard force on the substrate 10 by the arched leaf 
springs 80, the roller 62 applies an upWard force to the cover 
50. Upon application of the upWard force by the roller 62, 
the cover 50 deforms, thus agitating the liquid reagent 62 
Within the reaction chamber 60. In this implementation of 
the invention, the roller 62 is kept stationary While the 
combination of the mechanical support 70, microarray sub 
strate 10, and cover 50 are reciprocated in the direction of 
arroW B-B. The reciprocation can be over any suitable 
distance and at varying frequencies. In one embodiment, the 
distance of reciprocation can be about 10-30 mm and the 
frequency of reciprocation can be about 1 back-and-forth 
cycle in each 1/z-2 seconds. In other embodiments, the 
combination of the mechanical support 70, microarray sub 
strate 10, and cover 50 can be ?xed in location, and the roller 
62 can be reciprocated. 

[0044] Many variations to the apparatus 100 can be 
applied Within the scope of the invention. In the embodi 
ments described above, the cover 50 Was ?lled upside-doWn 
for convenience of capturing the liquid reagent 56. In this 
embodiment, for instance, after the incubation process is 
completed, the liquid reagent 56 can be easily recovered by 
removing the microarray substrate 10 and pipetting the 
liquid reagent 56. Because the liquid reagent 56 can be 
expensive and, in some applications, can be reused, captur 
ing liquid reagent 56 after incubation can be desirable. In 
other embodiments, hoWever, the arrangement is effective 
With the microarray substrate 10 on the bottom and the cover 
50 on the top, for example. 

[0045] The mechanical support 70 can be siZed to accom 
modate various siZes of covers 50 and substrates 10. The siZe 
of the substrate 10 or the spotted area 7 (FIG. 1A) on the 
substrate 10 can, for instance, vary Widely. In some embodi 
ments this spotted area 7 on a substrate 10, sometimes called 
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an array-spot footprint, can be 18 mm><18 mm, 18 mm><36 
mm, or 18 mm><54 mm. For each spotted area 7 of differing 
siZe, a cover 50 apportioned to ?t that spotted area 7 can be 
used. The mechanical support 70 of the apparatus 100, 
therefore, can include interchangeable ?xture plates used to 
accommodate different siZes of substrates 10 and covers 50, 
With one ?xture plate being used for each siZe of substrate 
10 and cover 50. Alternately, the mechanical support 70 can 
have adjustable ?xture plates that can be siZed to accom 
modate substrates 10 and covers 50 of different siZes to 
accomplish the same thing. 

[0046] The de?ector 62 can also vary in different embodi 
ments of the invention. In one embodiment, a roller as the 
de?ector 62 can be replaced With a sliding contactor, for 
example. Such a sliding contactor can still, in one embodi 
ment, move reciprocally over the surface of the cover 50. In 
other embodiments, a single de?ector 62 can be move 
reciprocally up and doWn in the direction of arroW A of 
FIGS. 2, 3A, and 3B to alternatively apply a force to the 
cover 50 and then apply no force to the cover 50. The 
reciprocation of the de?ector 62 in the direction of arroW A 
can therefore agitate the liquid reagent 62. In another 
embodiment, tWo or more de?ectors 62 can be used to apply 
forces to the cover 50, and the de?ectors 62 can reciprocate 
in the direction of arroW A or in the direction of arroW B-B. 

[0047] The cover 50 can vary in geometry and material 
Without changing the nature of the apparatus 100. The cover 
50 in the embodiment of FIGS. 2, 3A, and 3B is rectangular 
in shape, although a circular, elliptical, or other geometry 
can be used. In one embodiment, such as that depicted in 
FIGS. 2, 3A, and 3B, the cover 50 can be a tWo-piece 
embodiment having a gasket region 52 and a top region 54. 
In other embodiments, a single piece can be used as the 
cover 50. For example, a one-piece polymer cap can be used 
as the cover 50. In still other embodiments, the function of 
the gasket region 52 of the cover 50 can be provided by a 
structure Where the gasket portion of the cover 50 is per 
manently af?xed to the microarray substrate 10. In this 
embodiment, only the top portion 54 of the cover 50 is 
removable from the microarray substrate 10. Microarray 
substrates With polymer coatings, for instance, have been 
used as microarrays. In these embodiments, the polymer 
coatings can be fabricated With one or more openings to the 
surface of the substrate 10, With the openings having the 
target spots on the surface of the substrate 10. The substrate 
10 can also be made of plastic, silicon, ceramic, metal, or 
other rigid material. 

[0048] The gasket region 52 of the cover 50 can be 
designed in a variety of manners to accommodate the 
application. As indicated above, the gasket 52 can be per 
manently af?xed to the top region 54, permanently af?xed to 
the substrate 10, or it can be a separate component. The 
gasket can be shaped to accommodate the spotted area 7 
(FIG. 1A) of the top surface 12 of the substrate 10. In one 
embodiment Where the gasket 52 is a separate piece from the 
top region 54 or is af?xed to the substrate 10, a groove can 
be formed in the top region 54 to accommodate the gasket 
52 and aid in aligning the gasket 52 With the top region 53. 

[0049] The cover 50 can be a stick-on cover 50 that uses 
an adhesive to attach to the substrate 10 or a clamp-on cover 
50 that uses a clamp to stay af?xed to the substrate 10. Both 
stick-on covers 50 and clamp-on covers 50 alloW for agita 
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tion of the liquid reagent 56 in operation. In one embodi 
ment, hoWever, a clamp-on cover 50 Without adhesive can 
be desirable. The use of a clamp-on cover 50 can make it 

simpler to employ an integrated apparatus 100 Where the 
apparatus 100 contains a device to automatically lift or 
remove the cover 50 after incubation. In an embodiment of 

the invention having an automated cover-removal function, 
the liquid reagent 56 can also be automatically recovered 
after incubation and cap removal by aspiration With a 
pipette. The cover 50 can be designed for single use or can 
be re-usable. A re-usable cover 50 can be built into the 
apparatus 100 of the invention such that it can be clamped 
to the substrate, used for a reaction, and then removed. In 
one embodiment, rigorous cleaning of the cover 50 betWeen 
experiments can be carried out to prevent cross-contamina 
tion. 

[0050] Any material can be used for the cover 50 that is 
chemically inert With respect to the liquid reagents 56 used 
in the reaction. Typical materials that are inert to most 
relevant reagents and are suitable for use in the cover 50 
include glass, polypropylene, polyethylene, Te?on, silicone 
rubber, ?uorosilicone, ?uoroelastomer, and nitrile. 

[0051] In one embodiment of the invention, the apparatus 
100 can include automatic Washing and drying of the 
incubated microarray. In this embodiment, after incubation 
and removal of the cover 50 from the substrate 10, Wash 
solution can be jetted or ?ooded over the top surface 12 of 
the microarray substrate 10. After Washing, the substrate 10 
can be dried by vacuum or gas-stream drying With or Without 
heat. Referring to FIG. 2, tWo ports 91 for Washing liquid 
are shoWn. Washing liquid can be jetted from a pressuriZed 
source through these Washing ports 91 to Wash the substrate 
10 after incubation. FIG. 2 also shoWs tWo drying ports 93. 
Air can be jetted through these drying ports 93 after a 
Washing cycle to dry the substrate 10. 

[0052] Another embodiment of the invention includes a 
device to control the temperature of the substrate 10 or the 
reaction chamber 60. Temperature control can aid incubation 
because a?inity reactions are optimiZed at certain tempera 
tures. For some reactions, temperature control can be gen 
erally required for incubation. In one embodiment, a block 
95 of thermally conductive metal is placed against the back 
side of the microarray substrate 10, as shoWn in FIGS. 2, 
3A, and 3B. The block 95, therefore, is placed on the side of 
the substrate 10 opposite the cover 50 in this embodiment. 
A temperature control module can include the block 95 as 
Well as temperature sensing and feedback-based control 
system (not shoWn in Figures). Asensor, for instance, can be 
placed on the substrate 10 or on the cover 50 to sense the 
temperature, and the temperature of the block 95 can be 
increased or decreased to achieve a desired temperature. 
Conduction of heat from the block 95 to the substrate 10, and 
then from the substrate 10 to the liquid reagent 56 Within the 
reaction chamber 60, keeps the liquid reagent 56 Within a 
feW degrees Celsius of the block 95 during incubation. In 
another embodiment, the entire substrate 10 and cover 50 
can be placed in a controlled thermal environment, such as 
an oven-like thermally controlled enclosure, to provide for 
a temperature-controlled environment. In another embodi 
ment, the temperature of the de?ector 62 can be controlled 
to control the temperature of the liquid reagent 56 during 
incubation. 
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[0053] In some embodiments of the invention, an array of 
mechanical supports 70 for multiple cover-substrate combi 
nations can be built into a single apparatus 100. Such an 
array could alloW a user to perform incubations for more 
than one microarray substrate 10 at a time. In such an 
embodiment, the temperature block 95 could be a single 
piece to eXtend over the entire array. In addition, the springs 
80 could apply forces to the temperature block 95 rather than 
to the substrate 10. In FIGS. 2, 3A, and 3B, for instance, 
Where only a single cover 50 and substrate 10 are depicted, 
the springs 80 apply forces to the temperature block 95, 
Which then pushes doWnWard on the substrate 10 and the 
cover 50. 

[0054] FIGS. 4 and 5 depict another embodiment of the 
invention. This embodiment shoWs a variation in the cover 
50‘ that can be used in one embodiment of the invention. In 
FIGS. 4 and 5, components of the apparatus 100 equivalent 
to those in FIGS. 2, 3A, and 3B are designated by a prime 
(‘) notation. For simplicity, a mechanical support 70 such as 
that shoWn in FIGS. 2, 3A, and 3B is not shoWn in the 
embodiment of FIGS. 4 and 5. A mechanical support such 
as the type shoWn in FIGS. 2, 3A, and 3B can be used in this 
embodiment. 

[0055] In the embodiment of FIGS. 4 and 5, the top 
region of the cover 50‘ is a sack 54‘ made from a single piece 
of rubber or plastic, or the like. The gasket 52‘ in this 
embodiment can be a ring or clamp that can be used to 
sealingly engage the sack 54‘ With the substrate 10‘ to form 
a reaction chamber 60‘. The embodiment of FIGS. 4 and 5 
can be used in the same manner as the embodiment of FIGS. 
2, 3A, and 3B. The liquid reagent 56‘ can be placed in the 
sack 54‘, the substrate 10‘ can be placed over the sack 54‘ 
With the top surface 12‘ of the substrate 10‘ facing the sack 
54‘, and the sack 54‘ can be sealed to the substrate 10‘ With 
the gasket 52‘ and/or the gasket 52‘ and an adhesive or a 
clamp. A de?ector 62‘, such as a roller, can then be used to 
deform the sack 54‘ and agitate the liquid reagent 56‘ Within 
the reaction chamber 60‘. In addition, an amount of liquid 
reagent 56‘ can be placed Within the sack 54‘ such that an air 
bubble 58‘ remains in the sack 54‘. In operation, this air 
bubble 58‘ can aid in causing agitation of the liquid reagent 
56‘ by alloWing the liquid reagent 56‘ to easily move Within 
the reaction chamber 60‘. 

[0056] FIGS. 6-8 shoW another alternative embodiment of 
the invention for producing agitation of the liquid reagent 
56“ by deforming the cover 50“. In this embodiment, an 
alternative cover 50“ along With an alternative method of 
agitating the liquid reagent 56“ is depicted. In FIGS. 6-8, 
components of the apparatus 100 equivalent to those in 
FIGS. 2, 3A, and 3B are designated by a double prime (“) 
notation. For simplicity, a mechanical support 70 such as 
that shoWn in FIGS. 2, 3A, and 3B is not shoWn in the 
embodiment of FIGS. 6-8. A mechanical support such as the 
type shoWn in FIGS. 2, 3A, and 3B can be used in this 
embodiment. 

[0057] In the embodiments of FIGS. 6-8, a microarray 
substrate 10“ With immobiliZed target spots (not shoWn) on 
the top surface 12“ of the substrate 10“ has a cover 50“ 
placed over it. In FIGS. 6-8, the cover 50“ is shoWn above 
the substrate 10“, but the orientation of the cover 50“ and the 
substrate 10“ can be interchanged or moved to intermediate 
locations in other embodiments. In the embodiment of FIGS. 
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6-8, the cover 50“ includes a top 54“ and a gasket 52“. As 
seen in FIGS. 7 and 8, the top 54“ of the cover 50“ can 
contain a stepped region 51“ around its edges in Which the 
gasket 52“ adjoins the top 54“. In other embodiments, this 
stepped region 51“ need not be used. The gasket 52“ is 
shoWn implemented in FIGS. 6-8 as an o-ring With a circular 
cross section, although gaskets With varying dimensions can 
be used in other embodiments. 

[0058] In operation of the embodiment of FIGS. 6-8, a 
volume of liquid reagent 56“ is con?ned betWeen the cover 
50“ and the substrate 10“. The liquid reagent 56“ can be 
manually placed on the substrate 10“ or on the cover 50“ or, 
in another embodiment, the liquid reagent 56“ can be applied 
to the substrate 10“ or cover 50“ automatically. TWo forces 
F1 and F2 are applied to the cap. In FIGS. 6-8, the forces F1 
and F2 are in the direction of arroW Y, Which is substantially 
normal to the cover 50“ and the substrate 10“, but the forces 
F1 and F2 can also contain components in directions other 
than in the direction of arroW Y. FIG. 7 depicts an initial 
state of the cover 50“ in Which the forces F1 and F2 are 
substantially equal. In FIG. 7, the combined normal forces 
F1 and F2 are suf?cient to compress the gasket 52“ to 
effectively con?ne the liquid reagent 56“ betWeen the sub 
strate 10“ and the cover 50“. In one embodiment, the gasket 
52“ compresses by approximately 25 percent upon the 
application of forces F1 and F2 to effectuate a seal betWeen 
the cover 50 and the substrate 10. In this embodiment of the 
invention, the gasket 52“ compresses more readily than the 
top region 54“. Upon application of forces F1 and F2, the top 
region 54“ may deform or compress, but the gasket 52“ 
compresses more readily and by a greater amount. In one 
embodiment, therefore, the top region 54“ of the cover 50“ 
remains substantially un-deformed and the deformation is 
substantially con?ned to the gasket 52“. 

[0059] FIG. 8 depicts a second state of the cover 50“ over 
the substrate 10“. In FIG. 8, force F1 from FIG. 7 has been 
increased to force F1 A and force F2 from FIG. 7 has been 
decreased to force F2 A. Force F1 A in FIG. 8 has therefore 
been depicted by a larger arroW in the Y direction than has 
force F2 A. The sum of the tWo forces F1 A and F2 A in FIG. 
8 is substantially the same as the sum of the original equal 
forces F1 and F2 shoWn in FIG. 7. This substantially 
constant sum of forces keeps the gasket 52“ compressed and 
sealed on the substrate 10“ so that liquid reagent 56“ does 
not escape during incubation. The difference betWeen the 
forces F1 A and F2 A in FIG. 8 causes a differential compres 
sion of the gasket 52“ betWeen a ?rst end 80 and a second 
end 81 of the cover 50“. FIG. 8, for instance, depicts a tilt 
of the top region 54“ of the cover 50“ With respect to the 
substrate 10“ by an angle 0t. The tilting of the top region 54“ 
of the cover 50“ by the angle 0t causes localiZed changes in 
the volume under the cover 50“ and produces gross How of 
the liquid reagent 56“ from left to right in FIG. 8. In other 
Words, liquid reagent 56“ ?oWs from the ?rst end 80 to the 
second end 81 betWeen the conditions in FIG. 7 and FIG. 
8. 

[0060] In FIG. 8, the forces F1 A and F2 A can be inter 
changed, thus tilting the top region 54“ of the cover 50“ in 
the other direction and causing a gross How of liquid reagent 
56“ from the second end 81 to the ?rst end 80. This How of 
liquid reagent 56“ betWeen the cover 50“ and the substrate 
10“ causes the agitation Which can improve the reaction 
betWeen the liquid reagent 56“ and the target spots on the top 
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surface 12“ of the substrate 10“. The shifting of the forces 
F1A and F2 A from side to side can occur at a frequency, such 
as a shift in the forces F1 A and F2 A every second, to agitate 
the liquid reagent 56“. In other variations of this embodi 
ment of the invention, more than tWo forces F1 and F2 can 
be applied to the cover 50“ to effectuate the agitation of the 
liquid reagent 56“ in the manner described above. 

[0061] This mechanism (not shoWn) used in FIGS. 6-8 to 
produce the forces F1 and F2 can be con?gured in many 
Ways to provide the motion described. The forces F1 and F2 
can be produced by solenoids, pneumatic or hydraulic 
cylinders, pieZo-electric actuators, cams and plungers, or 
other mechanisms. In addition, the de?ector 62“ used to 
produce the forces F1 and F2 can be shaped in a variety of 
Ways. FIG. 6, for instance, depicts a de?ector 62“ that is 
shaped as a cylindrical roller. In other embodiments, the 
de?ector 62“ can be shaped so that it applies a localiZed 
force at a point instead of along a line on the top region 54“ 
of the cover 50“ as shoWn in FIG. 6. 

[0062] Experiments to verify the effectiveness of agitation 
conducted according to the embodiment of the invention of 
FIGS. 2, 3A, and 3B Were conducted. A?rst experiment Was 
performed using a substrate 10, cover 50, and a roller 62 to 
deform the cover 50, such as in the embodiment depicted in 
FIGS. 2, 3A, and 3B. A second experiment Was performed 
using the same substrate 10 and cover 50 as in the ?rst 
experiment, but With a different method of agitating liquid 
reagent on the substrate 10. The results of these experiments 
Were compared to determine the effectiveness of agitation of 
liquid reagent in accordance With the invention. 

[0063] The substrate 10 and cover 50 used for the experi 
ments Were as folloWs. It should also be noted that this 
particular substrate 10 and cover 50 are suitable for use in a 
number of embodiments of the invention. In the experi 
ments, the microarray substrate 10 Was a Telechem ArrayIt 
SuperAmine substrate made by Telechem International of 
Sunnyvale, Calif. The Telechem ArrayIt SuperAmine sub 
strate is an optically ?at glass printing surface cut to a 
dimension of 25 mm by 76 mm, polished to optical ?atness, 
and its top surface is derivatiZed With active amine groups 
that alloW stable attachment of target spots, such as cDNA. 
In the experiments, the cover 50 Was an MJ Research Frame 
Seal #SLF-0601 made by MJ Research Inc. of Waltham, 
Mass. The MJ Research Frame Seal #SLF-0601 is a vapor 
tight slide sealing chamber for in situ, PCR, FISH, and 
PRINS reactions. This cover 50 has an adhesive-backed 
frame (that is, a gasket 52) and a ?exible plastic cover slip 
(that is, a top region 54). The adhesive-backed frame can be 
attached around the spotted area on the substrate 10, the 
liquid reagent 56 can be added Within the frame seal, and 
then the ?exible plastic cover slip can be sealed in place over 
the adhesive-baked frame to create a sealed reaction cham 
ber 60. The outside dimensions of this cover 50 are 24 
mm><24 mm, With a thickness of 0.4 mm. This thickness of 
0.4 mm is the thickness of the top region 54 of the cover 50 
along With the gasket region 52. The dimensions of the 
reaction chamber 60 betWeen the substrate 10 and the cover 
50 in this embodiment is 15 mm><15 mm, With a thickness 
of 0.3 mm. These dimensions of the reaction chamber 56 are 
equivalent to the dimensions inside the gasket region 52 of 
the cover 50. 

[0064] To conduct the experiments, tWo separate drops of 
liquid reagent (each being 45 microliters) Were placed on the 
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cover 50. One of the drops of liquid reagent Was labeled With 
a ?rst ?uorescent dye, Cy3, and the second drop of liquid 
reagent Was labeled With a second ?uorescent dye, Cy5. A 
microarray substrate 10 Was then placed over the cover 50 
and sealed as discussed above. 

[0065] The ?rst experiment Was conducted according to 
the embodiment of the invention of FIGS. 2, 3A, and 3B. In 
this experiment, the de?ector 62 Was a roller made from a 
machined cylinder of stainless steel. The roller had a diam 
eter of 12.7 mm and a length of 15 mm. In this experiment, 
the tWo arched leaf springs 80, as best seen in FIG. 3B, Were 
rotated over the substrate 10 and then used to apply a 
doWnWard force to the substrate 10. In this experiment, the 
doWnWard force provided by the tWo springs Was about 3 N. 
The springs 80 Were made of full-hard 301 stainless steel 
and Were 0.25 mm thick. The pieces of steel used for the 
arched leaf springs 80 Were 4 mm Wide and Were approxi 
mately 34 mm long. 

[0066] In this ?rst experiment, the combination of the 
mechanical support 70, microarray substrate 10, and cover 
50 Were reciprocated through a stroke length of about 22 mm 
at a frequency of about 1 second per back-and-forth cycle. 
This reciprocation Was used to agitate the liquid reagent 56 
Within the reaction chamber 60. 

[0067] In the ?rst experiment, the substrate 10 With the 
attached cover 50 Was scanned using a ScanArray 5000 
microarray scanner (Packard BioChip, Billerica, Mass.) 
before and after agitation using the roller 62. The scanning 
produced tWo images—one of each dye. 

[0068] The tWo images Were superimposed to form a 
composite image Where the Cy3 dye Was displayed as green, 
the Cy5 dye Was displayed as red, and mixed liquid reagents 
(Cy3 dye mixed With Cy5 dye) Were displayed as yelloW. 
The yelloW region in the composite image, therefore, indi 
cated a region in Which the liquid reagent having the Cy3 
dye (green) and the liquid reagent having the Cy5 dye (red) 
intermixed. Before application of the reciprocating roller 62 
in accordance With an embodiment of the invention, the 
composite images consistently shoWed distinct regions of 
green and red With little yelloW at the interface betWeen 
them. This indicated, therefore, that little mixing occurred 
betWeen the liquid reagent having the Cy3 dye and the liquid 
reagent having the Cy5 dye. After 15 minutes of agitation 
With the roller 62 as described above, the assembly of the 
substrate 10 and the cover 50 Was scanned again. The 
composite image Was uniformly yelloW, indicating that 
sufficient agitation had occurred to mix tWo completely 
heterogeneous regions of the liquid reagent. 

[0069] In the second experiment, the same substrate 10 
and cover 50 as in the ?rst experiment Was used. In addition, 
the same liquid reagents having dyes Were used. To conduct 
this second experiment, a different method of agitation Was 
used rather than deformation of the cover in accordance With 
embodiments of the invention. In order to perform this 
second experiment, tWo drops of liquid reagent, With one 
drop having Cy3 dye and the other having Cy5 dye, Were 
placed on the cover, and the substrate Was then af?xed to the 
cover. In this experiment, an air bubble Was left Within the 
area betWeen the substrate and the cover having the liquid 
reagent. The assembly of the substrate and the cover Was 
then rotated for one hour so that the air bubble Would agitate 
the liquid 30 reagent. After one hour of rotisserie agitation, 
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the tWo regions of Cy3 and Cy5 dye Were still distinctly 
separate, and gross mixing had not yet occurred. The 
scanned image, therefore, shoWed only a partial yelloW 
region betWeen a red region and a green region. 

[0070] The results of these tWo experiments generally 
indicate that the embodiment of the invention using a roller 
or other de?ector 62 to deform a cover 50 in a reaction 
chamber 60 provides improved agitation of the liquid 
reagent 56 Within the reaction chamber 60 compared to one 
other method of agitation. 

[0071] The accompanying Figures depict embodiments of 
the methods and devices of the present invention, and 
features and components thereof. With regard to devices for 
fastening, mounting, clamping, attaching or connecting 
components of the present invention to form the invention as 
a Whole or a subcomponent of the invention as a Whole, 
unless speci?cally described otherWise, such devices are 
intended to encompass conventional fasteners such as 
machine screWs, machine threads, seals, snap rings, clamps, 
rivets, nuts and bolts, toggles, pins and the like. Components 
may also be connected adhesively, by friction ?tting, or by 
Welding or deformation, if appropriate. Unless speci?cally 
otherWise disclosed or taught, materials for making compo 
nents of the present invention may be selected from appro 
priate materials such as metal or metallic alloys, including 
steel and aluminum, ceramics, natural or synthetic materials, 
and plastics and the like, and appropriate manufacturing or 
production methods include casting, extruding, molding and 
machining. 

[0072] Any references to front and back, right and left, top 
and bottom, upper and loWer, and horiZontal and vertical are, 
unless noted otherWise, intended for convenience of descrip 
tion, not to limit the present invention or its components to 
any one positional or spacial orientation. All dimensions of 
the components in the attached Figures may vary With a 
potential design and the intended use of an embodiment of 
the invention Without departing from the scope of the 
invention. 

[0073] While the present invention has been described 
With reference to several embodiments thereof, those skilled 
in the art Will recogniZe various changes that may be made 
Without departing from the spirit and scope of the claimed 
invention. Accordingly, the invention is not limited to What 
is shoWn in the draWings and described in the speci?cation, 
but only as indicated in the appended claims. 

What is claimed is: 
1. A method for incubating reagents, comprising: 

placing a deformable cover upside-doWn on a support 

surface; 

placing probe ?uid in the deformable cover; 

placing a ?rst side of a substrate having target spots over 
the deformable cover such that the deformable cover 
surrounds the target spots, Wherein a reaction chamber 
With the probe ?uid and target spots forms betWeen the 
substrate and the deformable cover; and 

agitating the probe ?uid in the reaction chamber. 
2. The method of claim 1, further comprising recovering 

the probe ?uid after a reaction has occurred. 
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3. The method of claim 1, wherein agitating the probe 
?uid includes applying at least one force to the deformable 
cover. 

4. The method of claim 3, Wherein applying at least one 
force to the deformable cover includes applying the force to 
the deformable cover in different locations along the 
deformable cover With a roller that is disposed generally 
beloW the deformable cover. 

5. The method of claim 1, Wherein the deformable cover 
includes a gasket, and Wherein agitating the probe ?uid 
includes applying at least ?rst and second forces to the 
deformable cover, Wherein the ?rst and second forces com 
press the gasket to seal the probe ?uid in the reaction 
chamber. 

6. The method of claim 5, Wherein agitating the probe 
?uid further includes altering the magnitude of the ?rst and 
second forces to agitate the probe ?uid While maintaining as 
substantially constant a value equal to the sum of the ?rst 
force and the second force so that the gasket maintains the 
seal of the probe ?uid in the reaction chamber. 

7. The method of claim 1, Wherein placing the probe ?uid 
in the deformable cover includes manually dispensing the 
probe ?uid. 

8. The method of claim 1, Wherein placing the probe ?uid 
in the deformable cover includes automatically dispensing 
the probe ?uid. 

9. The method of claim 1, Wherein placing the ?rst side of 
the substrate over the deformable cover includes manually 
placing the substrate. 

10. The method of claim 1, Wherein placing the ?rst side 
of the substrate over the deformable cover includes auto 
matically placing the substrate. 

11. The method of claim 1, further comprising controlling 
the temperature of the substrate. 

12. The method of claim 11, Wherein controlling the 
temperature includes placing a temperature control block 
over the substrate. 

13. The method of claim 1, further comprising introduc 
ing an air bubble Within the reaction chamber. 
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14. The method of claim 1, further comprising alloWing at 
least one reaction betWeen one of the target spots on the 
substrate and the probe ?uid to occur. 

15. The method of claim 14, Wherein the reaction is 
selected from the group consisting of hybridiZation, protein 
binding, immunoassays, and chemical binding. 

16. The method of claim 14, further comprising at least 
partially removing the deformable cover from the substrate. 

17. The method of claim 16, further comprising Washing 
from the substrate the probe ?uid that has not reacted With 
the target spots. 

18. The method of claim 17, further comprising drying the 
substrate. 

19. A system for incubating reagents, comprising: 
a deformable cover to be placed upside-doWn on a support 

surface, the deformable cover adapted to receive probe 
?uid and a substrate having a ?rst side With target spots 
such that the deformable cover surrounds the target 
spots With the deformable cover generally beloW the 
substrate, Wherein a reaction chamber With the probe 
?uid and target spots forms betWeen the substrate and 
the deformable cover; and 

an agitator to agitate the probe ?uid in the reaction 
chamber, Wherein the agitator is disposed generally 
beloW the deformable cover. 

20. The system of claim 19, Wherein the support surface 
includes a recess adapted to ?t the deformable cover and to 
provide access to the deformable cover by the agitator. 

21. The system of claim 20, Wherein the agitator includes 
a roller to apply a force to the deformable cover in different 
locations along the deformable cover. 

22. The system of claim 21, Wherein the roller applies a 
constant force to the deformable cover. 

23. The system of claim 21, further comprising a tem 
perature control block to be placed over the substrate. 

24. The system of claim 23, Wherein at least one spring 
holds the temperature control block over the substrate. 

* * * * * 


