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ABSTRACT 

The present invention provides novel micro?uidic devices 
and methods that are useful for performing high-throughput 
screening assays. In particular, the devices and methods of 
the invention are useful in screening large numbers of 
different compounds for their effects on a variety of chemi 
cal, and preferably, biochemical systems. 
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HIGH THROUGHPUT SCREENING ASSAY 
SYSTEMS IN MICROSCALE FLUIDIC DEVICES 

BACKGROUND OF THE INVENTION 

[0001] There has long been a need for the ability to rapidly 
assay compounds for their effects on various biological 
processes. For example, enZymologists have long sought 
better substrates, better inhibitors or better catalysts for 
enZymatic reactions. Similarly, in the pharmaceutical indus 
tries, attention has been focused on identifying compounds 
that may block, reduce, or even enhance the interactions 
betWeen biological molecules. Speci?cally, in biological 
systems, the interaction betWeen a receptor and its ligand 
often may result, either directly or through some doWn 
stream event, in either a deleterious or bene?cial effect on 
that system, and consequently, on a patient for Whom 
treatment is sought. Accordingly, researchers have long 
sought after compounds or mixtures of compounds that can 
reduce, block or even enhance that interaction. 

[0002] Modern drug discovery is limited by the through 
put of the assays that are used to screen compounds that 
possess these described effects. In particular, screening of 
the maximum number of different compounds necessitates 
reducing the time and labor requirements associated With 
each screen. 

[0003] High throughput screening of collections of chemi 
cally synthesiZed molecules and of natural products (such as 
microbial fermentation broths) has thus played a central role 
in the search for lead compounds for the development of 
neW pharmacological agents. The remarkable surge of inter 
est in combinatorial chemistry and the associated technolo 
gies for generating and evaluating molecular diversity rep 
resent signi?cant milestones in the evolution of this 
paradigm of drug discovery. See Pavia et al., 1993, Bioorq. 
Med. Chem. Lett. 3: 387-396, incorporated herein by refer 
ence. To date, peptide chemistry has been the principle 
vehicle for exploring the utility of combinatorial methods in 
ligand identi?cation. See Jung & Beck-Sickinger, 1992, 
Angew. Chem. Int. Ed. Engl. 31: 367-383, incorporated 
herein by reference. This may be ascribed to the availability 
of a large and structurally diverse range of amino acid 
monomers, a relatively generic, high-yielding solid phase 
coupling chemistry and the synergy With biological 
approaches for generating recombinant peptide libraries. 
Moreover, the potent and speci?c biological activities of 
many loW molecular Weight peptides make these molecules 
attractive starting points for therapeutic drug discovery. See 
Hirschmann, 1991, Angew. Chem. Int. Ed. Engl. 30: 1278 
1301, and Wiley & Rich, 1993, Med. Res. Rev. 13: 327-384, 
each of Which is incorporated herein by reference. Unfavor 
able pharmacodynamic properties such as poor oral bio 
availability and rapid clearance in vivo have limited the 
more Widespread development of peptidic compounds as 
drugs hoWever. This realiZation has recently inspired Work 
ers to extend the concepts of combinatorial organic synthesis 
beyond peptide chemistry to create libraries of knoWn 
pharmacophores like benZodiaZepines (see Bunin & Ellman, 
1992, J. Amer: Chem. Soc. 114: 10997-10998, incorporated 
herein by reference) as Well as polymeric molecules such as 
oligomeric N-substituted glycines (“peptoids”) and oligo 
carbamates. See Simon et al., 1992, Proc. Natl. Acad. Sci. 
USA 89: 9367-9371; Zuckermann et al., 1992, J. Amer. 
Chem. Soc. 114: 10646-10647; and Cho et al., 1993, Science 
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261:1303-1305, each of Which is incorporated herein by 
reference. In similar developments, much as modern com 
binatorial chemistry has resulted in a dramatic increase in 
the number of test compounds that may be screened, human 
genome research has also uncovered large numbers of neW 
target molecules against Which the efficacy of test com 
pounds may be screened. 

[0004] Despite the improvements achieved using parallel 
screening methods and other technological advances, such 
as robotics and high throughput detection systems, current 
screening methods still have a number of associated prob 
lems. For example, screening large numbers of samples 
using existing parallel screening methods have high space 
requirements to accommodate the samples and equipment, 
e.g., robotics, etc., high costs associated With that equip 
ment, and high reagent requirements necessary for perform 
ing the assays. Additionally, in many cases, reaction vol 
umes must be very small to account for the small amounts 
of the test compounds that are available. Such small volumes 
compound errors associated With ?uid handling and mea 
surement, e.g., evaporation. Additionally, ?uid handling 
equipment and methods have typically been unable to 
handle these volume ranges With any acceptable level of 
accuracy due in part to surface tension effects in such small 
volumes. 

[0005] The development of systems to address these prob 
lems must consider a variety of aspects of the assay process. 
Such aspects include target and compound sources, test 
compound and target handling, speci?c assay requirements, 
and data acquisition, reduction storage and analysis. In 
particular, there exists a need for high throughput screening 
methods and associated equipment and devices that are 
capable of performing repeated, accurate assay screens, 
ancL operating at very small volumes. 

[0006] The present invention meets these and a variety of 
other needs. In particular, the present invention provides 
novel methods and apparatuses for performing screening 
assays Which address and provide meaningful solutions to 
these problems. 

SUMMARY OF THE INVENTION 

[0007] The present invention generally provides methods 
of screening a plurality of test compounds for an effect on a 
biochemical system. These methods typically utiliZe micro 
fabricated substrates Which have at least a ?rst surface, and 
at least tWo intersecting channels fabricated into that ?rst 
surface. At least one of the intersecting channels Will have 
at least one cross-sectional dimension in a range from 0.1 to 
500 pm. The methods involve ?oWing a ?rst component of 
a biochemical system in a ?rst of the at least tWo intersecting 
channels. At least a ?rst test compound is ?oWed from a 
second channel into the ?rst channel Whereby the test 
compound contacts the ?rst component of the. biochemical 
system. An effect of the test compound on the biochemical 
system is then detected. 

[0008] In a related aspect, the method comprises continu 
ously ?oWing the ?rst component of a biochemical system 
in the ?rst channel of the at least tWo intersecting channels. 
Different test compounds are periodically introduced into 
the ?rst channel from a second channel. The effect, if any, of 
the test compound on the biochemical system is then 
detected. 



US 2003/0054425 A1 

[0009] In an alternative aspect the methods utilize a sub 
strate having at least a ?rst surface With a plurality of 
reaction channels fabricated into the ?rst surface. Each of 
the plurality of reaction channels is ?uidly connected to at 
least tWo transverse channels also fabricated in the surface. 
The at least a ?rst component of a biochemical system is 
introduced into the plurality of reaction channels, and a 
plurality of different test compounds is ?oWed through at 
least one of the at least tWo transverse channels. Further, 
each of the plurality of test compounds is introduced into the 
transverse channel in a discrete volume. Each of the plurality 
of different test compounds is directed into a separate 
reaction channel and the effect of each of test compounds on 
the biochemical system is then detected. 

[0010] The present invention also provides apparatuses for 
practicing the above methods. In one aspect, the present 
invention provides an apparatus for screening test com 
pounds for an effect on a biochemical system. The device 
comprises a substrate having at least one surface With at least 
tWo intersecting channels fabricated into the surface. The at 
least tWo intersecting channels have at least one cross 
sectional dimension in the range from about 0.1 to about 500 
pm. The device also comprises a source of different test 
compounds ?uidly connected to a ?rst of the at least tWo 
intersecting channels, and a source of at least one component 
of the biochemical system ?uidly connected to a second of 
the at least tWo intersecting channels. Also included are ?uid 
direction systems for ?oWing the at least one component 
Within the intersecting channels, and for introducing the 
different test compounds from the ?rst to the second of the 
intersecting channels. The apparatus also comprises a detec 
tion Zone in the second channel for detecting an effect of said 
test compound on said biochemical system. 

[0011] In preferred aspects, the apparatus of the invention 
includes a ?uid direction system Which comprises at least 
three electrodes, each electrode being in electrical contact 
With the at least tWo intersecting channels on a different side 
of an intersection formed by the at least tWo intersecting 
channels. The ?uid direction system also includes a control 
system for concomitantly applying a variable voltage at each 
of the electrodes, Whereby movement of the test compounds 
or the at least ?rst component in the at least tWo intersecting 
channels may be controlled. 

[0012] In another aspect, the present invention provides an 
apparatus for detecting an effect of a test compound on a 
biochemical system, comprising a substrate having at least 
one surface With a plurality of reaction channels fabricated 
into the surface. The apparatus also has at least tWo trans 
verse channels fabricated into the surface, Wherein each of 
the plurality of reaction channels is ?uidly connected to a 
?rst of the at least tWo transverse channels at a ?rst point in 
each of the reaction channels, and ?uidly connected to a 
second transverse channel at a second point in each of the 
reaction channels. The apparatus further includes a source of 
at least one component of the biochemical system ?uidly 
connected to each of the reaction channels, a source of test 
compounds ?uidly connected to the ?rst of the transverse 
channels, and a ?uid direction system for controlling move 
ment of the test compound and the ?rst component Within 
the transverse channels and the plurality reaction channels. 
As above, the apparatuses also include a detection Zone in 
the second transverse channel for detecting an effect of the 
test compound on the biochemical system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic illustration of one embodi 
ment of a microlaboratory screening assay system of the 
present invention Which can be used in running a continuous 
?oW assay system. 

[0014] FIGS. 2A and 2B shoW a schematic illustration of 
the apparatus shoWn in FIG. 1, operating in alternate assay 
systems. FIG. 2A shoWs a system used for screening 
effectors of an enZyme-substrate interaction. FIG. 2B illus 
trates the use of the apparatus in screening effectors of 
receptor-ligand interactions. 

[0015] FIG. 3 is a schematic illustration of a “serial input 
parallel reaction” microlaboratory assay system in Which 
compounds to be screened are serially introduced into the 
device but then screened in a parallel orientation Within the 
device. 

[0016] FIGS. 4A-4F shoW a schematic illustration of the 
operation of the device shoWn in FIG. 3, in screening a 
plurality of bead based test compounds. 

[0017] FIG. 5 shoWs a schematic illustration of a continu 
ous ?oW assay device incorporating a sample shunt for 
performing prolonged incubation folloWed by a separation 
step. 

[0018] FIG. 6A shoWs a schematic illustration of a serial 
input parallel reaction device for use With ?uid based test 
compounds. FIGS. 6B and 6C shoW a schematic illustration 
of ?uid ?oW patterns Within the device shoWn in FIG. 6A. 

[0019] FIG. 7 shoWs a schematic illustration of one 
embodiment of an overall assay systems Which employs 
multiple microlaboratory devices labeled as “LabChips” for 
screening test compounds. 

[0020] FIG. 8 illustrates the parameters of a ?uid ?oW 
system on a small chip device for performing enZyme 
inhibitor screening. 

[0021] FIG. 9 shoWs a schematic illustration of timing for 
sample/spacer loading in a micro?uidic device channel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0022] 
[0023] The present invention provides novel microlabo 
ratory systems and methods that are useful for performing 
high-throughput screening assays. In particular, the present 
invention provides micro?uidic devices and methods of 
using such devices that are useful in screening large numbers 
of different compounds for their effects on a variety of 
chemical, and preferably, biochemical systems. 

I. General 

[0024] As used herein, the phrase “biochemical system” 
generally refers to a chemical interaction that involves 
molecules of the type generally found Within living organ 
isms. Such interactions include the full range of catabolic 
and anabolic reactions Which occur in living systems includ 
ing enZymatic, binding, signalling and other reactions. Fur 
ther, biochemical systems, as de?ned herein, Will also 
include model systems Which are mimetic of a particular 
biochemical interaction. Examples of biochemical systems 
of particular interest in practicing the present invention 
include, e.g., receptor-ligand interactions, enZyme-substrate 
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interactions, cellular signaling pathways, transport reactions 
involving model barrier systems (e.g., cells or membrane 
fractions) for bioavailability screening, and a variety of other 
general systems. Cellular or organismal viability or activity 
may also be screened using the methods and apparatuses of 
the present invention, i.e., in toxicology studies. 

[0025] In order to provide methods and devices for screen 
ing compounds for effects on biochemical systems, the 
present invention generally incorporates model in vitro 
systems Which mimic a given biochemical system in vivo 
for Which effector compounds are desired. The range of 
systems against Which compounds can be screened and for 
Which effector compounds are desired, is extensive. For 
example, compounds may be screened for effects in block 
ing, sloWing or otherWise inhibiting key events associated 
With biochemical systems Whose effect is undesirable. For 
example, test compounds may be screened for their ability 
to block systems that are responsible, at least in part, for the 
onset of disease or for the occurrence of particular symp 
toms of diseases, including, e.g., hereditary diseases, cancer, 
bacterial or viral infections and the like. Compounds Which 
shoW promising results in these screening assay methods can 
then be subjected to further testing to identify effective 
pharmacological agents for the treatment of disease or 
symptoms of a disease. 

[0026] Alternatively, compounds can be screened for their 
ability to stimulate, enhance or otherWise induce biochemi 
cal systems Whose function is believed to be desirable, e.g., 
to remedy existing de?ciencies in a patient. 

[0027] Once a model system is selected, batteries of test 
compounds can then be applied against these model sys 
tems. By identifying those test compounds that have an 
effect on the particular biochemical system, in vitro, one can 
identify potential effectors of that system, in vivo. 

[0028] In their simplest forms, the biochemical system 
models employed in the methods and apparatuses of the 
present invention Will screen for an effect of a test compound 
on an interaction betWeen tWo components of a biochemical 
system, e.g., receptor-ligand interaction, enZyme-substrate 
interaction, and the like. In this form, the biochemical 
system model Will typically include the tWo normally inter 
acting components of the system for Which an effector is 
sought, e. g., the receptor and its ligand or the enZyme and its 
substrate. 

[0029] Determining Whether a test compound has an effect 
on this interaction then involves contacting the system With 
the test compound and assaying for the functioning of the 
system, e.g., receptor-ligand binding or substrate turnover. 
The assayed function is then compared to a control, e.g., the 
same reaction in the absence of the test compound or in the 
presence of a knoWn effector. 

[0030] Although described in terms of tWo-component 
biochemical systems, the methods and apparatuses may also 
be used to screen for effectors of much more complex 
systems Where the result or end product of the system is 
knoWn and assayable at some level, e.g., enZymatic path 
Ways, cell signaling pathWays and the like. Alternatively, the 
methods and apparatuses described herein may be used to 
screen for compounds that interact With a single component 
of a biochemical system, e.g., compounds that speci?cally 
bind to a particular biochemical compound, e.g., a receptor, 
ligand, enZyme, nucleic acid, structural macromolecule, etc. 
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[0031] Biochemical system models may also be embodied 
in Whole cell systems. For example, Where one is seeking to 
screen test compounds for an effect on a cellular response, 
Whole cells may be utiliZed. Modi?ed cell systems may also 
be employed in the screening systems encompassed herein. 
For example, chimeric reporter systems may be employed as 
indicators of an effect of a test compound on a particular 
biochemical system. Chimeric reporter systems typically 
incorporate a heterogenous reporter system integrated into a 
signaling pathWay Which signals the binding of a receptor to 
its ligand. For example, a receptor may be fused to a 
heterologous protein, e.g., an enZyme Whose activity is 
readily assayable. Activation of the receptor by ligand 
binding then activates the heterologous protein Which then 
alloWs for detection. Thus, the surrogate reporter system 
produces an event or signal Which is readily detectable, 
thereby providing an assay for receptor/ligand binding. 
Examples of such chimeric reporter systems have been 
previously described in the art. 

[0032] Additionally, Where one is screening for bioavail 
ability, e.g., transport, biological barriers may be included. 
The term “biological barriers” generally refers to cellular or 
membranous layers Within biological systems, or synthetic 
models thereof. Examples of such biological barriers include 
the epithelial and endothelial layers, e. g. vascular endothelia 
and the like. 

[0033] Biological responses are often triggered and/or 
controlled by the binding of a receptor to its ligand. For 
example, interaction of groWth factors, i.e., EGF, FGF, 
PDGF, etc., With their receptors stimulates a Wide variety of 
biological responses including, e.g., cell proliferation and 
differentiation, activation of mediating enZymes;, stimula 
tion of messenger turnover, alterations in ion ?uxes, activa 
tion of enZymes, changes in cell shape and the alteration in 
genetic expression levels. Accordingly, control of the inter 
action of the receptor and its ligand may offer control of the 
biological responses caused by that interaction. 

[0034] Accordingly, in one aspect, the present invention 
Will be useful in screening for compounds that affect an 
interaction betWeen a receptor molecule and its ligands. As 
used herein, the term “receptor” generally refers to one 
member of a pair of compounds Which speci?cally recog 
niZe and bind to each other. The other member of the pair is 
termed a “ligand.” Thus, a receptor/ligand pair may include 
a typical protein receptor, usually membrane associated, and 
its natural ligand, e.g., another protein or small molecule. 
Receptor/ligand pairs may also include antibody/antigen 
binding pairs, complementary nucleic acids, nucleic acid 
associating proteins and their nucleic acid ligands. A large 
number of speci?cally associating biochemical compounds 
are Well knoWn in the art and can be utiliZed in practicing the 
present invention. 

[0035] Traditionally, methods for screening for effectors 
of a receptor/ligand interaction have involved incubating a 
receptor/ligand binding pair in the presence of a test com 
pound. The level of binding of the receptor/ligand pair is 
then compared to negative and/or positive controls. Where a 
decrease in normal binding is seen, the test compound is 
determined to be an inhibitor of the receptor/ligand binding. 
Where an increase in that binding is seen, the test compound 
is determined to be an enhancer or inducer of the interaction. 

[0036] In the interest of efficiency, screening assays have 
typically been set up in multiWell reaction plates, e.g., 
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multi-Well microplates, Which allow for the simultaneous, 
parallel screening of large numbers of test compounds. 

[0037] A similar, and perhaps overlapping, set of bio 
chemical systems includes the interactions betWeen 
enZymes and their substrates. The term “enzyme” as used 
herein, generally refers to a protein Which acts as a catalyst 
to induce a chemical change in other compounds or “sub 
strates.” 

[0038] Typically, effectors of an enZyme’s activity toWard 
its substrate are screened by contacting the enZyme With a 
substrate in the presence and absence of the compound to be 
screened and under conditions optimal for detecting changes 
in the enZyme’s activity. After a set time for reaction, the 
mixture is assayed for the presence of reaction products or 
a decrease in the amount of substrate. The amount of 
substrate that has been catalyZed is them compared to a 
control, i.e., enZyme contacted With substrate in the absence 
of test compound or presence of a knoWn effector. As above, 
a compound that reduces the enZymes activity toWard its 
substrate is termed an “inhibitor,” Whereas a compound that 
accentuates that activity is termed an “inducer.” 

[0039] Generally, the various screening methods encom 
passed by the present invention involve the serial introduc 
tion of a plurality of test compounds into a micro?uidic 
device. Once injected into the device, the test compound 
may be screened for effect on a biological system using a 
continuous serial or parallel assay orientation. 

[0040] As used herein, the term “test compound” refers to 
the collection of compounds that are to be screened for their 
ability to affect a particular biochemical system. Test com 
pounds may include a Wide variety of different compounds, 
including chemical compounds, mixtures of chemical com 
pounds, e.g., polysaccharides, small organic or inorganic 
molecules, biological macromolecules, e.g., peptides, pro 
teins, nucleic acids, or an extract made from biological 
materials such as bacteria, plants, fungi, or animal cells or 
tissues, naturally occurring or synthetic compositions. 
Depending upon the particular embodiment being practiced, 
the test compounds may be provided, e.g., injected, free in 
solution, or may be attached to a carrier, or a solid support, 
e.g., beads. A number of suitable solid supports may be 
employed for immobiliZation of the test compounds. 
Examples of suitable solid supports include agarose, cellu 
lose, dextran (commercially available as, i.e., Sephadex, 
Sepharose) carboxymethyl cellulose, polystyrene, polyeth 
ylene glycol (PEG), ?lter paper, nitrocellulose, ion exchange 
resins, plastic ?lms, glass beads, polyaminemethylvi 
nylether maleic acid copolymer, amino acid copolymer, 
ethylene-maleic acid copolymer, nylon, silk, etc. Addition 
ally, for the methods and apparatuses described herein, test 
compounds may be screened individually, or in groups. 
Group screening is particularly useful Where hit rates for 
effective test compounds are expected to be loW such that 
one Would not expect more than one positive result for a 
given group. 

[0041] 
[0042] As described above, the screening methods of the 
present invention are generally carried out in micro?uidic 
devices or “microlaboratory systems,” Which alloW for inte 
gration of the elements required for performing the assay, 
automation, and minimal environmental effects on the assay 

II. Assay Systems 
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system, e.g., evaporation, contamination, human error. A 
number of devices for carrying out the assay methods of the 
invention are described in substantial detail beloW. HoW 
ever, it Will be recogniZed that the speci?c con?guration of 
these devices Will generally vary depending upon the type of 
assay and/or assay orientation desired. For example, in some 
embodiments, the screening methods of the invention can be 
carried out using a micro?uidic device having tWo intersect 
ing channels. For more complex assays or assay orienta 
tions, multichannel/intersection devices may be employed. 
The small scale, integratability and self-contained nature of 
these devices alloWs for virtually any assay orientation to be 
realiZed Within the context of the microlaboratory system. 

[0043] A. Continuous FloW Assay Systems 

[0044] In one preferred aspect, the methods and appara 
tuses of the invention are used in screening test compounds 
using a continuous ?oW assay system. Generally, the con 
tinuous ?oW assay system can be readily used in screening 
for inhibitors or inducers of enZymatic activity, or for 
agonists or antagonists of receptor-ligand binding. In brief, 
the continuous ?oW assay system involves the continuous 
How of the particular biochemical system along a microfab 
ricated channel. As used herein, the term “continuous” 
generally refers to an unbroken or contiguous stream of the 
particular composition that is being continuously ?oWed. 
For example, a continuous How may include a constant ?uid 
?oW having a set velocity, or alternatively, a ?uid ?oW Which 
includes pauses in the How rate of the overall system, such 
that the pause does not otherWise interupt the How stream. 
The functioning of the system is indicated by the production 
of a detectable event or signal. Typically, such detectable 
signals Will include chromophoric or ?uorescent signals that 
are associated With the functioning of the particular model 
system used. For enZyme systems, such signals Will gener 
ally be produced by products of the enZyme’s catalytic 
action, e.g., on a chromogenic or ?uorogenic substrate. For 
binding systems, e.g., receptor ligand interactions, signals 
Will typically involve the association of a labeled ligand With 
the receptor, or vice versa. 

[0045] In preferred aspects, the continuous system gener 
ates a constant signal Which varies only When a test com 
pound is introduced that affects the system. Speci?cally, as 
the system components ?oW along the channel, they Will 
produce a relatively constant signal level at a detection Zone 
or WindoW of the channel. Test compounds are periodically 
introduced into the channel and mixed With the system 
components. Where those test compounds have an effect on 
the system, it Will cause a deviation from the constant signal 
level at the detection WindoW. This deviation may then be 
correlated to the particular test compound screened. 

[0046] One embodiment of a device for use in a serial or 
continuous assay geometry is shoWn in FIG. 1. As shoWn, 
the overall device 100 is fabricated in a planar substrate 102. 
Suitable substrate materials are generally selected based 
upon their compatibility With the conditions present in the 
particular operation to be performed by the device. Such 
conditions can include extremes of pH, temperature, salt 
concentration, and application of electrical ?elds. Addition 
ally, substrate materials are also selected for their inertness 
to critical components of an analysis or synthesis to be 
carried out by the device. 

[0047] Examples of useful substrate materials include, 
e.g., glass, quartZ and silicon as Well as polymeric substrates, 
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e.g. plastics. In the case of conductive or semi-conductive 
substrates, it Will generally be desirable to include an 
insulating layer on the substrate. This is particularly impor 
tant Where the device incorporates electrical elements, e.g., 
electrical ?uid direction systems, sensors and the like. In the 
case of polymeric substrates, the substrate materials may be 
rigid, semi-rigid, or non-rigid, opaque, semi-opaque or 
transparent, depending upon the use for Which they are 
intended. For example, devices Which include an optical or 
visual detection element, Will generally be fabricated, at 
least in part, from transparent materials to alloW, or at least, 
facilitate that detection. Alternatively, transparent WindoWs 
of, e.g., glass or quartZ, may be incorporated into the device 
for these types detection elements. Additionally, the poly 
meric materials may have linear or branched backbones, and 
may be crosslinked or non-crosslinked. Examples of par 
ticularly preferred polymeric materials include, e.g., poly 
dimethylsiloXanes (PDMS), polyurethane, polyvinylchlo 
ride (PVC) polystyrene, polysulfone, polycarbonate and the 
like. 

[0048] The device shoWn in FIG. 1 includes a series of 
channels 110, 112, and optional reagent channel 114, fabri 
cated into the surface of the substrate. At least one of these 
channels Will typically have very small cross sectional 
dimensions, e.g., in the range of from about 0.1 pm to about 
500 pm. Preferably the cross-sectional dimensions of the 
channels Will be in the range of from about 0.1 to about 200 
pm and more preferably in the range of from about 0.1 to 
about 100 pm. In particularly preferred aspects, each of the 
channels Will have at least one cross-sectional dimension in 
the range of from about 0.1 pm to about 100 pm. Although 
generally shoWn as straight channels, it Will be appreciated 
that in order to maXimiZe the use of space on a substrate, 
serpentine, saW tooth or other channel geometries, to incor 
porate effectively longer channels in shorter distances. 

[0049] Manufacturing of these microscale elements into 
the surface of the substrates may generally be carried out by 
any number of microfabrication techniques that are Well 
knoWn in the art. For eXample, lithographic techniques may 
be employed in fabricating, e.g., glass, quartZ or silicon 
substrates, using methods Well knoWn in the semiconductor 
manufacturing industries such as photolithographic etching, 
plasma etching or Wet chemical etching. Alternatively, 
micromachining methods such as laser drilling, micromill 
ing and the like may be employed. Similarly, for polymeric 
substrates, Well knoWn manufacturing techniques may also 
be used. These techniques include injection molding or 
stamp molding methods Where large numbers of substrates 
may be produced using, e.g., rolling stamps to produce large 
sheets of microscale substrates or polymer microcasting 
techniques Where the substrate is polymeriZed Within a 
micromachined mold. 

[0050] The devices Will typically include an additional 
planar element Which overlays the channeled substrate 
enclosing and ?uidly sealing the various channels to form 
conduits. Attaching the planar cover element may be 
achieved by a variety of means, including, e.g., thermal 
bonding, adhesives or, in the case of certain substrates, e.g., 
glass, or semi-rigid and non-rigid polymeric substrates, a 
natural adhesion betWeen the tWo components. The planar 
cover element may additionally be provided With access 
ports and/or reservoirs for introducing the various ?uid 
elements needed for a particular screen. 
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[0051] The device shoWn in FIG. 1 also includes reser 
voirs 104, 106 and 108, disposed and ?uidly connected at the 
ends of the channels 110 and 114. As shoWn, sample channel 
112, is used to introduce the plurality of different test 
compounds into the device. As such, this channel Will 
generally be ?uidly connected to a source of large numbers 
of separate test compounds that Will be individually intro 
duced into the sample channel 112 and subsequently into 
channel 110. 

[0052] The introduction of large numbers of individual, 
discrete volumes of test compounds into the sample may be 
carried out by a number of methods. For example, micropi 
pettors may be used to introduce the test compounds into the 
device. In preferred aspects, an electropipettor may be used 
Which is ?uidly connected to sample channel 112. An 
eXample of such an electropipettor is described in, e.g., US. 
patent application Ser. No. , ?led (Attorney 
Docket No. 017646-000500) the disclosure of Which is 
hereby incorporated herein by reference in its entirety for all 
purposes. Generally, this electropipettor utiliZes electroos 
motic ?uid direction as described herein, to alternately 
sample a number of test compounds and spacer compounds. 
The pipettor then delivers individual, physically isolated 
sample or test compound volumes, in series, into the sample 
channel for subsequent manipulation Within the device. 
Individual samples are typically separated by a slug of loW 
ionic strength spacer ?uid. These loW ionic strength spacers 
have higher voltage drop over the length of the plug, thereby 
driving the electrokinetic pumping. On either side of the 
sample plug, Which is typically in higher ionic strength 
solution, are ?uid plugs referred to as guard plugs or bands 
at the interface of the sample plug. These guard bands 
typically comprise a high ionic strength solution to prevent 
migration of the sample elements into the spacer ?uid band, 
resulting in electrophoretic bias. The use of such guard 
bands is described in greater detail in US. patent application 
Ser. No. , ?led , (Attorney Docket No. 

017646-000500) Which is incorporated herein by reference. 

[0053] Alternatively, the sample channel 112 may be indi 
vidually ?uidly connected to a plurality of separate reser 
voirs via separate channels. The separate reservoirs each 
contain a separate test compound With additional reservoirs 
being provided for appropriate spacer compounds. The test 
compounds and/or spacer compounds are then transported 
from the various reservoirs into the sample channels using 
appropriate ?uid direction schemes. In either case, it gen 
erally is desirable to separate the discrete sample volumes, 
or test compounds, With an appropriate spacer buffer. 

[0054] As shoWn, the device also includes a Detection 
WindoW or Zone 116 at Which a signal from the biochemical 
system may be monitored. This detection WindoW typically 
Will include a transparent cover alloWing visual or optical 
observation and detection of the assay results, e.g., obser 
vation of a colorometric or ?uorometric response. 

[0055] In particularly preferred aspects, monitoring of the 
signals at the detection WindoW is achieved using an optical 
detection system. For eXample, ?uorescence based signals 
are typically monitored using, e.g., laser activated ?uores 
cence detection systems Which employ a laser light source at 
an appropriate Wavelength for activating the ?uorescent 
indicator Within the system. Fluorescence is then detected 
using an appropriate detector element, e.g., a photomulti 
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