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(57) ABSTRACT 

Methods and devices for the parallel, in vitro screening of 
biomolecular activity using miniaturized microfabricated 
devices are provided. The biomolecules that can be immo 
bilized on the surface of the devices of the present invention 
include proteins, polypeptides, nucleic acids, polysaccha 
rides, phospolipids, and related unnatural polymers of bio 
logical relevance. These devices are useful in high-through 
put drug screening and clinical diagnostics and are 
preferably used for the parallel screening of families of 
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MICRODEVICES FOR HIGH-THROUGHPUT 
SCREENING OF BIOMOLECULES 

[0001] This application is a continuation of co-pending 
application Ser. No. 09/115,397, ?led Jul. 14, 1998, Which is 
incorporated herein by reference in its entirety for all pur 
poses and the speci?c purposes disclosed throughout this 
application. 

BACKGROUND OF THE INVENTION 

[0002] A vast number of neW drug targets are noW being 
identi?ed using a combination of genomics, bioinformatics, 
genetics, and high-throughput (HTP) biochemistry. Genom 
ics provides information on the genetic composition and the 
activity of an organism’s genes. Bioinformatics uses com 
puter algorithms to recogniZe and predict structural patterns 
in DNA and proteins, de?ning families of related genes and 
proteins. The information gained from the combination of 
these approaches is eXpected to boost the number of drug 
targets, usually proteins, from the current 500 to over 10,000 
in the coming decade. 

[0003] The number of chemical compounds available for 
screening as potential drugs is also groWing dramatically 
due to recent advances in combinatorial chemistry, the 
production of large numbers of organic compounds through 
rapid parallel and automated synthesis. The compounds 
produced in the combinatorial libraries being generated Will 
far outnumber those compounds being prepared by tradi 
tional, manual means, natural product extracts, or those in 
the historical compound ?les of large pharmaceutical com 
panies. 

[0004] Both the rapid increase of neW drug targets and the 
availability of vast libraries of chemical compounds creates 
an enormous demand for neW technologies Which improve 
the screening process. Current technological approaches 
Which attempt to address this need include multiWell-plate 
based screening systems, cell-based screening systems, 
micro?uidics-based screening systems, and screening of 
soluble targets against solid-phase synthesiZed drug compo 
nents. 

[0005] Automated multiWell formats are the best devel 
oped high-throughput screening systems. Automated 
96-Well plate-based screening systems are the most Widely 
used. The current trend in plate-based screening systems is 
to reduce the volume of the reaction Wells further, thereby 
increasing the density of the Wells per plate (96-well to 384-, 
and 1536-Well per plate). The reduction in reaction volumes 
results in increased throughput, dramatically decreased 
bioreagent costs, and a decrease in the number of plates 
Which need to be managed by automation. 

[0006] HoWever, although increases in Well numbers per 
plate are desirable for high throughput ef?ciency, the use of 
volumes smaller than 1 microliter in the Well format gen 
erates signi?cant problems With evaporation, dispensing 
times, protein inactivation, and assay adaptation. Proteins 
are very sensitive to the physical and chemical properties of 
the reaction chamber surfaces. Proteins are prone to dena 
turation at the liquid/solid and liquid/air interfaces. Minia 
turiZation of assays to volumes smaller than 1 microliter 
increases the surface to volume ratio substantially. (Chang 
ing volumes from 1 microliter to 10 nanoliter increases the 
surface ratio by 460%, leading to increased protein inacti 
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vation.) Furthermore, solutions of submicroliter volumes 
evaporate rapidly, Within seconds to a feW minutes, When in 
contact With air. Maintaining microscopic volumes in open 
systems is therefore very dif?cult. 

[0007] Other types of high-throughput assays, such as 
miniaturiZed cell-based assays are also being developed. 
MiniaturiZed cell-based assays have the potential to generate 
screening data of superior quality and accuracy, due to their 
in vivo nature. HoWever, the interaction of drug compounds 
With proteins other than the desired targets is a serious 
problem related to this approach Which leads to a high rate 
of false positive results. 

[0008] Micro?uidics-based screening systems that mea 
sure in vitro reactions in solution make use of ten to 
several-hundred micrometer Wide channels. Micropumps, 
electroosmotic ?oW, integrated values and miXing devices 
control liquid movement through the channel netWork. 
Micro?uidic netWorks prevent evaporation but, due to the 
large surface to volume ratio, result in signi?cant protein 
inactivation. The successful use of micro?uidic netWorks in 
biomolecule screening remains to be shoWn. 

[0009] Drug screening of soluble targets against solid 
phase synthesiZed drug components is intrinsically limited. 
The surfaces required for solid state organic synthesis are 
chemically diverse and often cause the inactivation or non 
speci?c binding of proteins, leading to a high rate of 
false-positive results. Furthermore, the chemical diversity of 
drug compounds is limited by the combinatorial synthesis 
approach that is used to generate the compounds at the 
interface. Another major disadvantage of this approach 
stems from the limited accessibility of the binding site of the 
soluble target protein to the immobiliZed drug candidates. 

[0010] DNA microarray technology is not immediately 
transferable to protein screening microdevices. To date, 
microarrays are exclusively available for nucleic acid 
hybridiZation assays (‘DNA-chips’). Their underlying 
chemistry and materials are not readily transferable to 
protein assays. Nucleic acids Withstand temperatures up to 
100° C., can be dried and re-hydrated Without loss of activity 
and bound directly to organic adhesion layers absorbed on 
surfaces such as glass. In contrast, proteins must remain 
hydrated, kept at ambient temperatures, and are very sensi 
tive to the physical and chemical properties of the support 
materials. Therefore, maintaining protein activity at the 
liquid-solid interface requires entirely different immobiliZa 
tion strategies than those used for nucleic acids. Addition 
ally, the proper orientation of the protein at the interface is 
desirable to ensure accessibility of their active sites With 
interacting molecules. 
[0011] In addition to the goal of achieving high-through 
put screening of compounds against targets to identify 
potential drug leads, researchers also need to be able to 
identify a highly speci?c lead compound early in the drug 
discovery process. AnalyZing a multitude of members of a 
protein family or forms of a polymorphic protein in parallel 
enables quick identi?cation of highly speci?c lead com 
pounds. Proteins Within a structural family share similar 
binding sites and catalytic mechanisms. Often, a compound 
that effectively interferes With the activity of one family 
member also interferes With other members of the same 
family. Using standard technology to discover such addi 
tional interactions requires a tremendous effort in time and 
costs and as a consequence is simply not done. 
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[0012] However, cross-reactivity of a drug With related 
proteins can be the cause of loW e?icacy or even side effects 
in patients. For instance, AZT, a major treatment for AIDS, 
blocks not only viral polymerases, but also human poly 
merases, causing deleterious side effects. Cross-reactivity 
With closely related proteins is also a problem With nonste 
roidal anti-in?ammatory drugs (NSAIDs) and aspirin. These 
drugs inhibit cyclooXygenase-2, an enZyme Which promotes 
pain and in?ammation. HoWever, the same drugs also 
strongly inhibit a related enZyme, cyclooXygenase-1, that is 
responsible for keeping the stomach lining and kidneys 
healthy, leading to common side-effects including stomach 
irritation. 

[0013] For the foregoing reasons, there is a need for 
miniaturiZed devices and for methods for the parallel, in 
vitro, high-throughput screening of functionally and/or 
structurally related protein targets against potential drug 
compounds in a manner that minimiZes reagent volumes and 
protein inactivation problems. 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to a device and 
methods of use of the device that satisfy the need for 
parallel, in vitro, high-throughput screening of functionally 
or structurally related protein targets against potential drug 
compounds in a manner that minimiZes reagent volumes and 
protein inactivation problems. 

[0015] One embodiment of the present invention provides 
a device that has a plurality of noncontiguous reactive sites 
and is useful for processing ?uid samples. On each of the 
reactive sites of the device, biological moieties are immo 
biliZed on a monolayer via an a?inity tag Which enhances the 
site-speci?c immobiliZation of the biological moiety onto 
the monolayer. Each of the reactive sites is separated from 
neighboring reactive sites by substrate that is free of the 
monolayer. The monolayer is on a portion of a surface of a 
substrate and comprises molecules of the formula X—R—Y 
Where R is a spacer, X is a functional group that binds R to 
the surface, and Y is a functional group for binding a 
biological moiety onto the monolayer via the affinity tag. 
Each of the reactive sites is displayed on the device in a 
manner that alloWs it to react With a component of a ?uid 
sample. 

[0016] In a preferred embodiment the device of the present 
invention is a micromachined or microfabricated device. 

[0017] In a particularly preferred embodiment of the 
device, the plurality of reactive sites are contained Within 
parallel microchannels. These microchannels may be micro 
fabricated into or onto the substrate. 

[0018] Optionally, at least one coating may be formed on 
the substrate or applied to the substrate of a device of the 
present invention such that the coating is positioned betWeen 
the substrate and the monolayer of each reactive site. 

[0019] The monolayer of a device of the present invention 
may optionally be a miXed monolayer of more than one type 
of organic molecule. 

[0020] In a preferred embodiment, an adaptor molecule is 
also included in the device of the present invention to link 
the a?inity tag to the biological moiety. 
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[0021] The a?inity tag, biological moiety, and the adaptor 
molecule (if present) are preferably, but not necessarily, a 
fusion protein. 

[0022] The biological moiety immobiliZed on one reactive 
site can either be the same as or different from the biological 
moiety immobiliZed on a second reactive site. If the reactive 
sites are different, the biological moieties of the different 
reactive sites are preferably members of the same protein 
family or are otherWise functionally or structurally related. 

[0023] The present invention further provides for methods 
of using the device to screen a plurality of biological 
moieties in parallel for their ability to interact With a 
component of a ?uid sample. The interaction being assayed 
may be a binding interaction or a catalytic one. Some 
embodiments of these methods ?rst involve delivering the 
?uid sample to the reactive sites of the device. If binding 
betWeen the biological moiety and the component is to be 
detected, the reactive sites are then optionally Washed to 
remove. any unbound component from the area. If binding 
interactions are being monitored, the methods also involve 
detecting, either directly or indirectly, the retention of the 
component at each reactive site. If the interaction being 
assayed is catalytic, then the presence, absence, or amount 
of reaction product is instead detected. 

[0024] In other embodiments of the present invention, 
similar methods are used diagnostically to screen a ?uid 
sample for the presence, absence, or amount of a plurality of 
analytes (in parallel). 

[0025] In another method, the device may also be used to 
screen a plurality of drug candidates in parallel for their 
ability to bind or react With a biological moiety. In this 
method, different ?uid samples, each containing a different 
drug candidate (or a different miXture of drug candidates) to 
be tested, is delivered to the different reactive sites of the 
invention device. 

[0026] The present invention also provides for methods of 
determining in parallel Whether or not a plurality of proteins 
belong to a certain protein family based on either binding to 
a common ligand or reactivity With a common substrate. 
These methods involve delivering a ?uid sample comprising 
a ligand or substrate of a knoWn protein family to the 
reactive sites of the invention device that contain the dif 
ferent proteins and then detecting, either directly or indi 
rectly, for binding or reaction With the knoWn ligand that is 
characteristic of the protein family. 

[0027] An alternative embodiment of the invention pro 
vides a device for processing a ?uid sample that comprises 
a substrate, a plurality of parallel microchannels microfab 
ricated into or onto said substrate, and a moiety immobiliZed 
Within at least one of the parallel microchannels, in such a 
Way that the moiety interacts With a component of the ?uid 
sample. In a preferred embodiment, the immobiliZed moiety 
is a biological moiety such as a protein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0028] FIG. 1 shoWs the top vieW of a covered micro 
channel array device. 

[0029] FIG. 2 shoWs a cross section of a covered micro 
channel array fabricated by bulk micromachining. 
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[0030] FIG. 3 shows a cross section of a covered micro 
channel array fabricated by sacri?cial micromachining. 

[0031] FIG. 4 shows aminoreactive monolayer molecules 
on a substrate. 

[0032] FIG. 5 shoWs aminoreactive monolayer molecules 
on a coated substrate. 

[0033] FIG. 6 shoWs a biologcal moiety immobilized on 
a monolayer-coated substrate via an af?nity tag. 

[0034] FIG. 7 shoWs a cross section vieW of a biomol 
ecule-coated microchannel in a microchannel array device. 

[0035] FIG. 8 shoWs a biological moiety immobiliZed on 
a monolayer-coated substrate via an af?nity tag and an 
adaptor molecule. 

[0036] FIG. 9 shoWs four possible expression vectors for 
expressing fusion proteins of the desired protein and an 
af?nity tag and, optionally, an adaptor molecule. 

[0037] FIG. 10 shoWs a schematic diagram of a ?uores 
cence detection unit Which may be used to monitor interac 
tion of the immobiliZed biological moieties of a microchan 
nel array With an analyte. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] A variety of devices and methods useful for high 
throughput drug screening, clinical diagnostics, and related 
processes are provided by the present invention. 

[0039] (a) De?nitions 
[0040] The term “substrate” as used herein refers to the 
bulk, underlying, and core material of the devices of the 
invention. 

[0041] The terms “micromachining” and “microfabricat 
ing” are both used herein to refer to any number of tech 
niques Which are useful in the generation of microstructures 
(structures of sub-millimeter scale). Such technologies 
include, but are not limited to, laser ablation, sputtering, 
electrodeposition, loW-pressure vapor deposition, photoli 
thography, and etching. Related technologies such as LIGA 
(Lithographie, Galvanoformung und Abformtechnik, high 
aspect ratio plating) are also included. Most of these tech 
niques Were originally developed for use in semiconductors, 
microelectronics, and microelectromechanical systems but 
are applicable to the present invention as Well. 

[0042] The term “coating” is used herein to refer to a layer 
that is either formed on or applied to the surface of the 
substrate. For instance, exposure of a substrate, such as 
silicon, to air can result in oxidation of the exposed surface. 
In the case of a substrate made of silicon, a silicon oxide 
coating is formed on the surface upon exposure to air. In 
other instances, the coating is in no Way derived from the 
substrate and may be placed upon the surface via mechani 
cal, electrical, or chemical means. An example of this type 
of coating Would be a metal coating that is applied to a 
polymer substrate. Although a coating may be of any thick 
ness, typically the coating has a thickness smaller than that 
of the substrate. 

[0043] An “interlayer” is a second coating or layer that is 
positioned betWeen the ?rst coating and the substrate. The 
primary purpose of a typical interlayer is to aid adhesion 
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betWeen the ?rst coating and the substrate. One such 
example is the use of a titanium interlayer to help attach a 
gold coating to a silicon chip. HoWever, other possible 
functions of an interlayer are also anticipated. For instance, 
some interlayers may perform a role in the detection system 
of the device. 

[0044] The term “af?nity tag” is used herein to refer to a 
functional moiety capable of immobiliZing a biological 
moiety onto the exposed functionality of a monolayer. In 
some cases, the af?nity tag may be a simple chemical 
functional group. Other possibilities include amino acids, 
polypeptides, proteins, lipid bilayers, or a hydrogel. The 
af?nity tag may be either covalently or noncovalently 
attached to the biological moiety (via chemical conjugation 
or as a fusion protein, for instance). In some cases, an affinity 
tag may also be an internal part of the biological moiety, 
such as an amino acid. Likewise, the af?nity tag may bind 
to the monolayer either covalently or noncovalently. 

[0045] An “adaptor molecule”, for purposes of this inven 
tion, is any entity that links an af?nity tag to a biological 
moiety. The adaptor molecule need not necessarily be a 
discrete molecule that is noncovalently attached to both the 
af?nity tag and the biological moiety. The adaptor molecule 
can be covalently attached to the af?nity tag or the biological 
moiety or both (via chemical conjugation or as a fusion 
protein, for instance). Examples of adaptor molecules 
include polypeptides, proteins, membrane anchors, and 
biotin. 

[0046] A “biological moiety” is any entity that either has, 
or is suspected of having, a physiological function. 

[0047] A “monolayer” is a single-molecule thick layer of 
organic molecules on a surface. A monolayer may be dis 
ordered or ordered. One face of the monolayer is composed 
of chemical functionalities on the termini of the organic 
molecules that are chemisorbed or physisorbed onto the 
surface material (headgroups). The other face of the mono 
layer is exposed and may bear any number of chemical 
functionalities (end groups). Preferably, the molecules of the 
monolayer are highly ordered and tightly packed, largely 
due to hydrophobic and van der Waals interactions betWeen 
the molecules. 

[0048] The terms “polypeptide” and “protein” are used 
interchangeably herein to refer to a polymer of amino acid 
residues. These terms also apply to amino acid polymers in 
Which one or more amino acid residues is an arti?cial 
chemical analogue of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers. An amino acid polymer in Which one or more 
amino acid residues is an “unnatural” amino acid, not 
corresponding to any naturally occurring amino acid, is also 
encompassed by the use of the terms “protein” and 
“polypeptide” herein. 

[0049] Proteins are considered herein to be members of 
the same “protein family” or to be “related” if they shoW 
signi?cant similarities in structure and/or function, as Would 
be recogniZed by one of ordinary skill in the art. Related 
proteins can be identi?ed by sequence homology searches of 
DNA and protein databases using standard bioinformatics 
resources and softWare packages (examples of public data 
bases: NCBI, NIH, EMBL, SWissProt, Brookhaven data 
base, Washington University—Merck; private databases: 
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Incyte, Hyseq, Human Genome Science; examples of soft 
Ware packages include EMOTIF, Blast, Fasta, Multalign, 
GCG Wisconsin University). EnZymatically related proteins 
of non-homologous sequence can be identi?ed by one of 
ordinary skill in the art by screening the scienti?c literature 
(example: Medline database). 
[0050] The term “fusion protein” refers to a protein com 
posed of tWo or more polypeptides that, although typically 
unjoined in their native state, are joined by their respective 
amino and carboXyl termini through a peptide linkage to 
form a single continuous polypeptide. It is understood that 
the tWo or more polypeptide components can either be 
directly joined or indirectly joined through a peptide linker/ 
spacer. 

[0051] The term “nucleic acid” refers to a deoXyribonucle 
otide or ribonucleotide monomer or polymer in either single 
or double-stranded form, and unless otherWise limited, 
encompasses knoWn analogs of natural nucleotides that can 
function in a manner similar to naturally occurring nucle 
otides. The nucleic acid may be obtained from a natural 
source, an in vitro reaction enZymatic or chemical synthesis. 
No distinction is made herein betWeen a nucleic acid, a 
polynucleotide, and an oligonucleotide. 

[0052] The term “normal physiological condition” is used 
herein to refer to conditions that are typical inside a living 
organism or a cell. While it is recogniZed that some organs 
or organisms provide eXtreme conditions, the intra-organis 
mal and intra-cellular environment normally varies around 
pH 7 (i.e. from pH 6.5 to pH 7.5), contains Water as the 
predominant solvent, and eXists at a temperature above 0° C. 
and beloW 50° C. It Will be recogniZed that the concentration 
of various salts depends on the organ, organism, cell, or 
cellular compartment used as a reference. 

[0053] (b) Devices With a Plurality of Bioreactive Sites 

[0054] In one aspect, the present invention provides a 
device for processing a ?uid sample. This device has a 
plurality of noncontiguous reactive sites, each of the sites 
comprising the folloWing: a substrate; a monolayer on a 
portion of a surface of the substrate, comprising molecules 
of the formula X—R—Y Where R is a spacer, X is a 
functional group that binds R to the surface, and Y is a 
functional group for binding a biological moiety onto the 
monolayer; an affinity tag that enhances site-speci?c immo 
biliZation of a biological moiety onto the monolayer; and a 
biological moiety immobiliZed on the monolayer through Y 
via the af?nity tag. 

[0055] Each of the sites of the device may independently 
react With a component of the ?uid sample and are separated 
from each other by substrate that is free of monolayer 
molecules of the formula X—R—Y. 

[0056] Numerous different materials may be used as the 
substrate of the invention device. The substrate may be 
organic or inorganic, biological or non-biological, or any 
combination of these materials. The substrate can optionally 
be transparent or translucent. Substrates suitable for micro 
machining or microfabrication are preferred. The substrate 
of the invention can optionally comprise a material selected 
from a group consisting of silicon, silica, quartZ, glass, 
controlled pore glass, carbon, alumina, titanium dioXide, 
germanium, silicon nitride, Zeolites, and gallium arsenide. 
Many metals such as gold, platinum, aluminum, copper, 
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titanium, and their alloys are also options for substrates. In 
addition, many ceramics and polymers may be used as 
substrates, either in planar or bead form. Polymers Which 
may be used as substrates include, but are not limited to, the 
folloWing: polystyrene; poly(tetra)?uorethylene; (poly)vi 
nylidenedi?uoride; polycarbonate; polymethylmethacrylate; 
polyvinylethylene; polyethyleneimine; poly(etherether)ke 
tone; polyoXymethylene (POM); polyvinylphenol; polylac 
tides; polymethacrylimide (PMI); polyalkenesulfone (PAS); 
polyhydroXyethylmethacrylate; polydimethylsiloXane; 
polyacrylamide; polyimide; co-block-polymers; and Euper 
git®. Photoresists, polymeriZed Langmuir-Blodgett ?lms, 
and LIGA structures may also serve as substrates in the 
present invention. The preferred substrates of the present 
invention comprise silicon, silica, glass, or a polymer. 

[0057] In a preferred embodiment of the present invention 
the device comprises a micromachined or microfabricated 
device. The device is optionally a microdevice With dimen 
sions on the millimeter to centimeter scale. 

[0058] In a preferred embodiment of the invention, each of 
the reactive sites of the device is in a microchannel oriented 
parallel to microchannels of other reactive sites on the 
device. The microchannels of such a device have optionally 
been microfabricated or micromachined into or onto the 
substrate of the device. FIG. 1 illustrates one embodiment of 
the invention shoWing an array of microchannels 1 that have 
been fabricated into a bulk substrate material. In the par 
ticular device shoWn, eighty parallel microchannels 1 have 
been microfabricated into a substrate 3. 

[0059] In one embodiment of the invention, the device 
comprises at least 2 parallel microchannel reactive sites. In 
another embodiment of the invention, the device comprises 
at least 10 parallel microchannel reactive sites. In a preferred 
embodiment of the invention, the device comprises at least 
100 parallel microchannel reactive sites. In a particularly 
preferred embodiment, the device comprises from about 100 
to about 500 parallel microchannels. The microchannels are 
typically separated from one another by from about 10 pm 
to about 5 mm. The device may optionally comprise from 
about 2 to about 500 parallel microchannels per cm2 of 
substrate. 

[0060] The dimensions of the microchannels may vary. 
HoWever, in preferred embodiments the scale is small 
enough so as to only require minute ?uid sample volumes. 
The Width and depth of each microchannel of the invention 
device is typically betWeen about 10 pm and about 500 pm. 
In a preferred embodiment of the device, the Width and 
depth of each microchannel is betWeen about 50 and 200 
pm. The length of each microchannel is from about 1 to 
about 20 mm in length. In a preferred embodiment, the 
length of each microchannel is from about 2 to about 8 mm 
long. Any one of a variety of channel cross-section geom 
etries (trapeZoidal, rectangular, v-shaped, semicircular, etc.) 
may be employed in the device. The geometry is determined 
by the type of microfabrication or micromachining process 
used to generate the microchannels, as is knoWn in the art. 
TrapeZoidal or rectangular cross-section geometries are pre 
ferred for the microchannels, since they readily accommo 
date standard ?uorescence detection methods. 

[0061] In order to generate a plurality of reactive sites, 
such as a parallel array of microchannels, the substrate 
material ?rst has to be cleaned to remove contaminants such 
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as solvent stains, dust, or organic residues. A variety of 
cleaning procedures can be used depending on the substrate 
material and origin of contaminants. These include Wet 
immersion processes (for example, RCA1+2, “pyranha”, 
solvents), dry vapor phase cleaning, thermal treatment, 
plasma or gloW discharge techniques, polishing With abra 
sive compounds, short-Wavelength light exposure, ultra 
sonic agitation and treatment With supercritical ?uids. 

[0062] Channels can then be formed on the surface of the 
substrate by either (1) bulk micromachining, (2) sacri?cial 
micromachining, (3) LIGA (high aspect ratio plating) or (4) 
other techniques, or any combination thereof. Such tech 
niques are Well knoWn in the semiconductor and microelec 
tronics industries and are described in, for example, Ghandi, 
VLSI Fabrication Principles, Wiley (1983) and SZe, VLSI 
Technology, 2nd. Ed., McGraW-Hill (1988); Wolf and Taube, 
Silicon Processing for the VLSI Era, Vol. 1, Lattice Press 
(1986), and Madou, Fundamentals of Microfabrication, 
CRC Press (1997). 

[0063] In bulk micromachining, large portions of the sub 
strate are removed to form rectangular or v-shaped grooves 
comprising the ?nal dimensions of the microchannels. This 
process is usually carried out With standard photolitho 
graphic techniques involving spin-coating of resist materi 
als, illumination through lithography masks folloWed by 
Wet-chemical development and posttreatment steps such as 
descumming and post-baking. The resulting resist pattern is 
then used as an etch resist material for subsequent Wet or dry 
etching of the bulk material to form the desired topographi 
cal structures. Typical resist materials include positive and 
negative organic resists (such as Kodak 747, PR102), inor 
ganic materials (such as polysilicon, silicon nitride) and 
biological etch resists (for example Langmuir-Blodgett ?lms 
and tWo-dimensional protein crystals such as the S-layer of 
Sulfolobus acidocladarius). Pattern transfer into the sub 
strate and resist stripping occurs via Wet-chemical and dry 
etching techniques including plasma etching, reactive ion 
etching, sputtering, ion-beam-assisted chemical etching and 
reactive ion beam etching. 

[0064] In one embodiment of the invention, for instance, 
a photoresist may be spincoated onto a cleaned 4 inch 
Si(110) Wafer. Ultraviolet light exposure through a photo 
mask onto the photoresist then results in a pattern of 
channels in the photoresist, exposing a pattern of strips of 
the silicon underneath. Wet-chemical etching techniques can 
then be applied to etch the channel pattern into the silicon. 
Next a thin layer of titanium can be coated on the surface. 
A thin layer of gold is then coated on the surface via thermal 
or electron beam evaporation. Standard resist stripping fol 
loWs. (Alternatively, the gold-coating could be carried out 
after the strip resist.) 

[0065] FIG. 2 shoWs a cross section vieW of one example 
of a microchannel array fabricated by bulk micromachining. 
A microchannel 1 in substrate 3 is covered by a glass cover 
2. At the bottom of the microchannel, the surface of the 
substrate 3 is covered With a coating 5. 

[0066] In sacri?cial micromachining, the substrate is left 
essentially untouched. Various thick layers of other materi 
als are built up by vapor deposition, plasma-enhanced 
chemical vapor deposition (PECVD) or spin coating and 
selectively remain behind or are removed by subsequent 
processing steps. Thus, the resulting channel Walls are 
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chemically different from the bottom of the channels and the 
resist material remains as part of the microdevice. Typical 
resist materials for sacri?cial micromachining are silicon 
nitride (Si3N4), polysilicon, thermally groWn silicon oxide 
and organic resists such as SU-8 and polyimides alloWing 
the formation of high aspect-ratio features With straight 
sideWalls. 

[0067] FIG. 3 shoWs a cross section vieW of one example 
of a microchannel array that has been fabricated by sacri 
?cial micromachining. Microchannel 1 has Walls that consist 
of photoresist 4 and a ?oor that comprises a substrate 3 that 
is covered With a coating 5. 

[0068] In high-aspect ratio plating or LIGA, three-dimen 
sional metal structures are made by high-energy X-ray 
radiation exposures on materials coated With X-ray resists. 
Subsequent electrodeposition and resist removal result in 
metal structures that can be used for precision plastic 
injection molding. These injection-molded plastic parts can 
be used either as the ?nal microdevice or as lost molds. The 
LIGA process has been described by Becker et al., Micro 
electron Engineering (1986) 4:35-56 and Becker et al., 
Naturwissenschaften (1982) 69:520-523. 

[0069] Alternative techniques for the fabrication of micro 
channel arrays include focused ion-beam (FIB) milling, 
electrostatic discharge machining (EDM), ultrasonic drill 
ing, laser ablation (US. Pat. No. 5,571,410), mechanical 
milling and thermal molding techniques. One skilled in the 
art Will recogniZe that many variations in microfabrication 
or micromachining techniques may be used to construct the 
device of the present invention. 

[0070] In one embodiment, transparent or translucent cov 
ers are attached to the substrate via anodic bonding or 
adhesive coatings, resulting in microchannel arrays With 
inlet and outlet ports. In a preferred embodiment, the micro 
channel covers are glass, especially Pyrex or quartZ glass. In 
alternative embodiments, a cover Which is neither transpar 
ent nor translucent may be bonded or otherWise attached to 
the substrate to enclose the microchannels. In other embodi 
ments the cover may be part of a detection system to monitor 
the interaction betWeen biological moieties immobiliZed 
Within the channel and an analyte. Alternatively, a polymeric 
cover may be attached to a polymeric substrate channel 
array by other means, such as by the application of heat With 
pressure or through solvent-based bonding. 

[0071] One particular embodiment of a covered micro 
channel array is illustrated by FIG. 1. In this device, a 
transparent glass cover 2 covers most of the length, although 
not all, of each of the parallel microchannels of the array. 
Since in this particular embodiment the microchannels do 
not extend fully to the edge of the substrate, the incomplete 
coverage of the channel length provides an inlet and outlet 
port for each of the microchannels. 

[0072] Attachment of the covers to the microchannel array 
can precede monolayer formation. If this is the case, then the 
monolayer component containing solution (typically an 
organic solvent) can be applied to the interior of the channels 
via microfabricated dispensing systems that have integrated 
microcapillaries and suitable entry/exit ports. Alternatively, 
the monolayers can be deposited in the microchannels prior 
to enclosure of the microchannels. For these embodiments, 
monolayers can optionally be transferred to the inner micro 
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channel surfaces via simple immersion or through micro 
contact printing (see PCT Publication WO 96/29629). 

[0073] The volume of each enclosed microchannel may 
optionally be from about 5 nanoliters to about 300 nanoli 
ters. In a preferred embodiment, the volume of an enclosed 
microchannel of the invention device is betWeen 10 and 50 
nanoliters. 

[0074] Volumes of ?uid may be moved through each 
microchannel by a number of standard means knoWn to 
those skilled in the art. The sophisticated means required for 
moving ?uids through micro?uidic devices and miXing in 
microtiter plates are not needed for the microchannel array 
of the present invention. Simple liquid eXchange techniques 
commonly used With capillary technologies Will suf?ce. For 
instance, ?uid may be moved through the channel using 
standard pumps. Alternatively, more sophisticated methods 
of ?uid movement through the microchannels such as elec 
tro-osmosis may be employed (for eXample, see US. Pat. 
No. 4,908,112). 

[0075] In one embodiment of the present invention, bulk 
loading dispensing devices can be used to load all micro 
channels of the device at once With the same ?uid. Alter 
natively, integrated microcapillary dispensing devices may 
be microfabricated out of glass or other substrates to load 
?uids separately to each microchannel of the device. 

[0076] After formation of a microchannel, the sides, bot 
tom, or cover of the microchannel or any combination 
thereof, can then be further chemically modi?ed to achieve 
the desired bioreactive and biocompatible properties. 

[0077] The reactive sites of the device may optionally 
further comprise a coating betWeen a substrate and its 
monolayer. This coating may either be formed on the 
substrate or applied to the substrate. The substrate can be 
modi?ed With a coating using thin-?lm technology based on 
either physical vapor deposition (PVD) or plasma-enhanced 
chemical vapor deposition (PECVD). Thin layers of metals 
or the eXposure of hydroXylated surfaces on a substrate are 
often necessary to alloW chemisorption or physisorption of 
bioreactive organic monolayer systems. Alternatively, 
plasma eXposure can be used to directly activate the sub 
strate. For instance, plasma etch procedures can be used to 
oXidiZe a polymeric surface (i.e. polystyrene or polyethyl 
ene) to eXpose polar functionalities such as hydroXyls, 
carboXylic acids, aldehydes, or the like on the surface. 

[0078] The coating on the substrate may comprise a metal 
?lm. Possible metal ?lms include, but are-not limited to 
aluminum, chromium, titanium, nickel, stainless steel, Zinc, 
lead, iron, magnesium, manganese, cadmium, tungsten, 
cobalt, and alloys or oXides thereof. In a preferred embodi 
ment, the metal ?lm is a noble metal ?lm. Noble metals that 
may be used for a noble metal ?lm include, but are not 
limited to gold, platinum, silver, copper, and palladium. In 
an especially preferred embodiment, the coating comprises 
gold or a gold alloy. In a preferred embodiment, the metal 
?lm is from about 50 nm to about 500 nm in thickness. 

[0079] In alternative embodiments, the coating on the 
substrate comprises a composition such as silicon, silicon 
oxide, silicon nitride, silicon hydride, indium tin oXide, 
magnesium oXide, alumina, glass, hydroXylated surfaces, or 
a polymer. 
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[0080] If the reactive site comprises a coating betWeen the 
substrate and the monolayer, then it is understood that the 
coating must be composed of a material for Which a suitable 
functional group X is available (see beloW). If no such 
coating is present, then it is understood that the substrate 
must be composed of a material for Which a suitable 
functional group X is available. 

[0081] It is contemplated that many coatings Will require 
the addition of at least one adhesion layer or mediator 
betWeen said coating and said substrate. For instance, a layer 
of titanium may be desirable betWeen a silicon Wafer sub 
strate and a gold coating. In an alternative embodiment an 
epoXy glue such as Epo-tek 377® and Epo-tek 301-2® 
(Epoxy Technology Inc., Billerica, Mass.) may be preferred 
to aid adherence of the coating to the substrate. Determina 
tions as to What material should be used for the adhesion 
layer Would be obvious to one skilled in the art once 
materials Were chosen for the substrate and coating. In other 
embodiments, additional adhesion mediators or interlayers 
may be necessary to improve the mechanical or optical 
properties of the device, for eXample, for detection purposes 
in Waveguides. 

[0082] Deposition or formation of the coating on the 
substrate (if such coatings are desired) must occur prior to 
the formation of bioreactive monolayers thereon. 

[0083] The monolayer of each reactive site is comprised of 
molecules of the general formula X—R—Y Where R is a 
spacer, X is a functional group that binds R to the surface of 
a portion of the substrate, and Y is a functional group for 
binding a biological moiety onto the monolayer. Three major 
classes of monolayer formation are preferably used to 
eXpose high densities of bioreactive omega-functionalities 
on the substrate: alkylsiloXane monolayers (“silanes”) on 
hydroXylated surfaces (as taught in, for example, US. Pat. 
No. 5,405,766, PCT Publication WO 96/38726, US. Pat. 
Nos. 5,412,087, and 5,688,642); (ii) alkyl-thiol/dialkyldis 
ul?de monolayers on noble metals (preferably Au(111)) (as, 
for eXample, described in Allara et al., US. Pat. No. 4,690, 
715; Bamdad et al., US. Pat. No. 5,620,850; Wagner et al., 
Biophysical Journal, 1996, 70:2052-2066); and (iii) alkyl 
monolayer formation on oXide-free passivated silicon (as 
taught in, for eXample, Linford et al., J. Am. Chem. Soc, 
1995, 117:3145-3155, Wagner et al., Journal of Structural 
Biology, 1997, 119:189-201, and US. Pat. No. 5,429,708). 
One of ordinary skill in the art, hoWever, Will recogniZe that 
many possible moieties may be substituted for X, R, and/or 
Y, dependent largely upon the choice of substrate, coating, 
and af?nity tag. Many eXamples of monolayers are described 
in Ulman, An Introduction to Ultrathin Organic Films: 
From Langmuir-Bloa'gett to Self-Assembly, Academic Press 
(1991), herein incorporated by reference. 

[0084] R of the monolayer molecule may comprise a 
hydrocarbon chain from about 1 to about 200 carbons long. 
The hydrocarbon chain may comprise an alkyl, aryl, alkenyl, 
alkynyl, cycloalkyl, alkaryl, aralkyl group, or any combina 
tion thereof In a preferred embodiment, R is a chemical 
moiety that promotes formation of a self-assembled mono 
layer. In a preferred embodiment, R is an alkylchain from 
about 8 to about 22 carbons long. In a further preferred 
embodiment, R is a straight alkane from about 8 to about 22 
carbons long. HoWever, it is also contemplated that in an 
alternative embodiment, R may readily comprise a hydro 
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carbon chain from about 2 to about 200 carbons long and 
interrupted by at least one hetero atom. The interrupting 
hetero groups can include —O—, —CONH—, —CON 
HCO—, —NH—, —CSNH—, —CO—, —CS—, —S—, 
—SO—, —(OCH2CH2)n— (Where n=1-20), —(CF2)n— 
(Where n=1-22), and the like. Alternatively, one or more of 
the hydrogen moieties of R can optionally be substituted 
With deuterium. 

[0085] X may be chosen as any group Which affords 
chemisorption or physisorption of the monolayer onto the 
surface of the substrate (or the coating, if present). For 
instance, if the substrate or coating is a metal or metal alloy, 
X at least prior to incorporation into the monolayer, is 
preferably an asymmetrical or symmetrical disul?de, sul 
?de, diselenide, selenide, thiol, isonitrile, selenol, a trivalent 
phosphorus compound, isothiocyanate, isocyanate, xantha 
nate, thiocarbamate, a phosphine, a amine, thio acid or dithio 
acid. This embodiment is especially preferred When the 
substrate, or coating if used, is a noble metal such as gold, 
silver, or platinum. 

[0086] If the substrate of the device is a material such as 
silicon, silicon oxide, indium tin oxide, magnesium oxide, 
alumina, quartZ, glass, or silica, then a preferred embodi 
ment of the invention comprises an X that, prior to incor 
poration into said monolayer, is a monohalosilane, dihalosi 
lane, trihalosilane, trialkoxysilane, dialkoxysilane, or a 
monoalkoxysilane. Among these silanes, trichlorosilane and 
trialkoxysilane are particularly preferred. 
[0087] In other embodiments, the surface of the substrate 
(or coating thereon) is composed of a metal oxide such as 
titanium oxide, tantalum oxide, indium tin oxide, magne 
sium oxide, or alumina and X is a carboxylic acid. Alter 
natively, if the surface of the substrate (or coating thereon) 
of the device is copper, then X may optionally be a hydrox 
amic acid. 

[0088] If the substrate used in the invention is a polymer, 
then in many cases a coating on the substrate such as a 
copper coating Will be included in the device. An appropriate 
functional group X for the coating Would then be chosen for 
use in the device. In an alternative embodiment comprising 
a polymer substrate, the surface of the polymer may be 
plasma-modi?ed to expose desirable surface functionalities 
for monolayer formation. For instance, EP 780423 describes 
the use of a monolayer molecule that has an alkene X 
functionality on a plasma exposed surface. Still another 
possibility for the invention device comprised of a polymer 
is that the surface of the polymer on Which the monolayer is 
formed is functionaliZed due to copolymeriZation of appro 
priately functionaliZed precursor molecules. 

[0089] Another possibility is that prior to incorporation 
into the monolayer, X can be a free-radical-producing moi 
ety. This functional group is especially appropriate When the 
surface on Which the monolayer is formed is a hydrogenated 
silicon surface. Possible free-radical producing moieties 
include, but are not limited td, diacylperoxides, peroxides, 
and am compounds. Alternatively, unsaturated moieties 
such as unsubstituted alkenes, alkynes, cyano compounds 
and isonitrile compounds can be used for X if the reaction 
With X is accompanied by ultraviolet, infrared, visible, or 
microWave radiation. 

[0090] In alternative embodiments, X prior to incorpora 
tion into the monolayer, may be a hydroxyl, carboxyl, vinyl, 
sulfonyl, phosphoryl, silicon hydride, or an amino group. 
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[0091] The component, Y, of the monolayer is responsible 
for binding a biological moiety onto the monolayer. In a 
preferred embodiment of the invention, the Y group is either 
highly reactive (activated) toWards the biological moiety or 
is easily converted into such an activated form. In a pre 
ferred embodiment, the coupling of Y With the biological 
moiety occurs readily under normal physiological condi 
tions not detrimental to the biological activity of the bio 
logical moiety. One skilled in the art Will also appreciate that 
in many cases, the functional group Y Will be altered upon 
interacting With the biological moiety. Although the func 
tional group Y may either form a covalent linkage or a 
noncovalent linkage With the biological moiety, a covalent 
linkage is preferred. 

[0092] In one embodiment of the present invention, Y is a 
functional group that is activated in situ before attachment of 
the biological moiety’s af?nity tag. Possibilities for this type 
of functional group include, but are not limited to, such 
simple moieties such as a hydroxyl, carboxyl, amino, alde 
hyde, carbonyl, methyl, methylene, alkene, alkyne, carbon 
ate, aryliodide, or a vinyl group. Appropriate modes of 
activation for these simple functional groups Would be 
knoWn by one of ordinary skill in the art. Alternatively, Y 
can comprise a functional group that requires photoactiva 
tion prior to becoming activated enough to trap the biologi 
cal moiety. 

[0093] In an especially preferred embodiment of the 
device of the present invention, Y is a highly reactive 
functional moiety compatible With monolayer formation and 
needs no in situ activation prior to reaction With the bio 
logical moiety or its af?nity tag. Such possibilities for Y 
include, but are not limited to, maleimide, N-hydroxysuc 
cinimide (Wagner et al., Biophysical Journal, 1996, 
70:2052-2066), nitrilotriacetic acid (US. Pat. No. 5,620, 
850), activated hydroxyl, haloacetyl, bromoacetyl, 
iodoacetyl, activated carboxyl, hydraZide, epoxy, aZiridine, 
tri?uoromethyldiaZiridine, pyridyldisul?de, N-acyl-imida 
Zole, imidaZolecarbamate, succinimidylcarbonate, ary 
laZide, anhydride, diaZoacetate, benZophenone, isothiocyan 
ate, isocyanate, imidoester, ?uorobenZene, and biotin. 

[0094] FIG. 4 shoWs one example of a monolayer on a 
substrate 3. In this example, substrate 3 comprises silicon 
(having a silicon oxide surface). The monolayer is aminore 
active because it bears a functional group Y that is N-hy 
droxysuccinimide. 

[0095] FIG. 5 shoWs another example of a monolayer on 
a substrate 3. In this case, hoWever, a thin ?lm coating 5 
comprised of gold covers the surface of the substrate 3. Also, 
in this embodiment, an adhesion interlayer 6 is used to 
adhere the coating 5 to the substrate 3 and is comprised of 
titanium. This monolayer is also aminoreactive because it 
bears a functional group Y that is N-hydroxysuccinimide. 

[0096] In an alternative embodiment, Y is selected from 
the group of simple functional moieties. Possible Y func 
tional groups include, but are not limited to, —OH, —NH2, 
—COOH, —COOR, —RSR, —PO4_3, OSO3_2, —SO3_, 
—COO—, —SOO—, —CONR2, —CN, —NR2, and the 
like. Simple groups such as these are only preferred for X 
When the affinity tag of the invention composes a layer of 
affinity tag molecules (such as poly-lysine) that oats the 
exposed portion of the monolayer prior to immobiliZation of 
the biological moiety (see beloW). 
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[0097] The monolayer molecules of the present invention 
can optionally be assembled on the surface in parts. In other 
Words, the monolayer need not necessarily be constructed by 
chemisorption or physisorption of molecules of the formula 
X—R—Y to the surface of the substrate (or coating). 
Instead, in one embodiment, X may be chemisorbed or 
physisorbed to the surface of the substrate (or coating) alone 
?rst. Then, R or evenjust individual components of R can be 
attached to X through a suitable chemical reaction. Upon 
completion of addition of the spacer R to the X moiety 
already immobiliZed on the surface, Y can be attached to the 
ends of the monolayer molecule through a suitable covalent 
linkage. 
[0098] Not all monolayer molecules at a given reactive 
site need to be identical. Some may consist of miXed 
monolayers. For instance, the monolayer of an individual 
reactive site may optionally comprise at least tWo different 
X—R—Y molecules. This second X—R—Y molecule may 
immobiliZe the same or a different biological moiety. In 
addition, many of the monolayer molecules, X—R—Y, of a 
reactive site may have failed to attach any biological moiety. 

[0099] As another alternative of the invention, the mono 
layer of an individual reactive site can comprise a second 
organic molecule that is of the formula, X—R—V Where R 
is the spacer, X is the functional group that binds R to the 
surface, and V is a moiety resistant to the non-speci?c 
binding of biomolecules. One of ordinary skill in the art Will 
recogniZe that the possibilities for V Will vary depending 
upon the nature of the biological moiety chosen for the sites 
of the device. For instance, functional groups V Which are 
resistant to non-speci?c protein binding are used if the 
immobiliZed biological moiety of the device comprises 
protein. The nature of V Will be someWhat dependent upon 
the type of proteins and solutions used. HoWever, V Will 
most typically comprise a hydroXyl, saccharide, or polyeth 
ylene glycol moiety (EP Publication 780423). 
[0100] As a still further alternative of the invention device, 
the device may further comprise at least one unreactive site 
devoid of any biological moiety that comprises a monolayer 
of molecules of the formula X—R—V, Where R is the 
spacer, X is the functional group that binds R to the surface, 
and V is the moiety resistant to the non-speci?c binding of 
biomolecules. In this embodiment, the unreactive site does 
not comprise any monolayers of molecules of the formula 
X—R—Y. 

[0101] Regardless of the nature of the monolayer mol 
ecules, in some cases it can be desirable to provide 
crosslinking betWeen molecules of the monolayer. In gen 
eral, this confers additional stability to the monolayer. 
Methods of crosslinking such monolayers are knoWn to 
those skilled in the art (see Ullman, An Introduction to 
Ultrathin Organic Films: From Langmuir-Bloa'gett to Self 
Assembly, Academic Press (1991). 

[0102] In addition to facilitating binding of the biological 
moiety to the substrate, functionaliZation of the substrate 
With monolayers is necessary for other reasons as Well. 
Many biological moieties and protein in particular, are 
susceptible to disruption of their bioactivities at surface 
interfaces. Proteins are prone to both denaturation and 
undesirable, non-speci?c binding at the solid/liquid inter 
face. Other biological moieties such as small molecule 
ligands may have less problematic interactions With the 
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substrate surface interface, but upon approach of the bio 
logical binding partner, presumably a protein, to the small 
molecule in an assay, problems of inactivation become 
highly relevant. A highly-ordered organic monolayer effec 
tively “carpets” the surface of the substrate or coating, 
protecting the biological moiety from contact With the 
surface. These highly-ordered, self-assembled monolayers 
are preferred in the present invention. Additionally, the 
spacer R creates distance betWeen the immobiliZed biologi 
cal moiety and the surface. 

[0103] FolloWing formation of monolayers on the reactive 
sites of the invention device, the biological moieties are 
immobiliZed on the monolayers via the af?nity tags. A 
solution containing the biological moiety to be immobiliZed 
can be eXposed to the bioreactive units of the microdevice by 
either dispensing the solution by means of microfabricated 
adapter systems With integrated microcapillaries and entry/ 
eXit ports or alternatively by transferring the biological 
moieties via noncontact printing using dispensing microde 
vices With ball-point pen-type of mechanisms. The use of 
other printing techniques is also anticpated. FolloWing 
attachment of the biological moieties to the monolayer, 
unreacted Y-functional groups are preferably quenched prior 
to use of the device. 

[0104] The af?nity tag is of critical importance to the 
present invention. The use of an af?nity tag on the biological 
moiety of interest to be immobiliZed, alloWs for at least one 
of tWo advantages. An af?nity tag can confer enhanced 
binding or reaction With Y. This enhancement effect may be 
either kinetic or thermodynamic. In general, affinity tag/Y 
group combination used in the present invention preferably 
alloWs for immobiliZation of the biological molecule in a 
manner Which does not require harsh conditions. This helps 
ensure that the biological reactivity of the biological moiety 
remains intact. Aqueous, biological buffer conditions are 
ideal. An af?nity tag can also offer immobiliZation that is 
speci?c to a designated site or location on the biological 
moiety. This site-speci?c immobiliZation Will help ensure 
that the reactive site of the biological moiety is accessible to 
ligands in solution. 

[0105] In a preferred embodiment, especially When the 
biological moiety of the invention device is a protein or a 
polypeptide, the affinity tag comprises at least one amino 
acid. The af?nity tag may be a polypeptide comprising at 
least one monolayer-reactive amino acid. Alternatively, the 
af?nity tag may be a lone, monolayer-reactive amino acid. 
Examples of possible monolayer-reactive amino acids 
include cysteine, lysine, histidine, arginine, tyrosine, and 
glutamine. Apolypeptide or single amino acid af?nity tag is 
preferably expressed as a fusion protein along With the 
biological moiety. Amino acid tags provide either a single 
amino acid or a series of amino acids that can interact With 
the Y-functionalities of the monolayer. Amino acid affinity 
tags can also be introduced to a speci?c site on a recombi 
nant protein to facilitate oriented immobiliZation by covalent 
binding to the bioreactive Y-functional group of the mono 
layer. 

[0106] The af?nity tag may comprise a poly(amino acid) 
tag. Apoly(amino acid) tag is a polypeptide that comprises 
from about 2 to about 100 residues of a single amino acid. 
Other amino acid residues may also be present in the affinity 
tag. For instance, the af?nity tag may comprise a poly 
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cysteine, poly-lysine, poly-arginine, or poly-histidine. 
Amino acid tags are preferably composed of tWo to twenty 
residues of a single amino acid, such as, for example, 
histidines, lysines, arginines, cysteines, glutamines, 
tyrosines, or any combination of these. According to a 
preferred embodiment, an amino acid tag of one to tWenty 
amino acids includes at least one to ten cysteines for 
thioether linkage; or one to ten lysines for amide linkage; or 
one to ten arginines for coupling to vicinal dicarbonyl 
groups. One of ordinary skill in the art can readily pair 
suitable af?nity tags With a given Y-functionality. 

[0107] The position of the amino acid tag can be at the 
amino-, or carboxy-terminus of the protein or anyWhere 
in-betWeen. Where compatible With protein function, affinity 
tags introduced for protein puri?cation are preferentially 
located at the C-terminus of the recombinant protein to 
ensure that only full-length proteins are isolated during 
protein puri?cation. 
[0108] Affinity tags may also contain one or more unnatu 
ral amino acids. Unnatural amino acids can be introduced 
using suppressor tRNAs that recogniZe stop codons (i.e. 
amber), as described in Noren et al., Science, 1989, 244: 182 
188, Ellman et al.,Methods Enzym, 1991, 202:301-336, and 
Cload et al., Chem. Biol., 1996, 3:1033-1038, herein incor 
porated by reference. The tRNAs are chemically amino 
acylated to contain chemically altered (“unnatural”) amino 
acids for use With speci?c coupling chemistries (i.e. ketone 
modi?cations, photoreactive groups). 
[0109] In an alternative embodiment the af?nity tag can 
comprise a Whole protein, such as, but not limited to, 
glutathione S-transferase, an antibody, avidin, or streptavi 
din. 

[0110] Other bioconjugation and immobiliZation tech 
niques knoWn in the art may be adapted for the purpose of 
immobiliZing biomolecules on activated monolayers. For 
instance, in an alternative embodiment, the af?nity tag may 
be an organic bioconjugate Which is chemically coupled to 
the biomolecule of interest. Biotin or an antigen may be 
chemically crosslinked to the biomolecule. Alternatively, a 
chemical crosslinker may be used that attaches a simple 
functional moiety such as a thiol or an amine to the bio 
molecule. 

[0111] FIG. 6 shoWs a biological moiety 10 immobiliZed 
on a monolayer 7 on a substrate 3. An af?nity tag 8 connects 
the biological moiety 10 to the monolayer 7. The monolayer 
7 is formed on a coating 5 separated from the surface of the 
substrate 3 by an interlayer 6. 

[0112] FIG. 7 shoWs a cross section of a biomolecule 
coated microchannel of one embodiment of a microchannel 
array device. The microchannel 1 is covered by a glass cover 
2. The Walls of the microchannel are comprised of substrate 
3, coated ?rst With an interlayer 6, then With a coating 5, then 
With an organic monolayer 7 and ?nally, With the biological 
moiety 10 via the affinity tag 8. 

[0113] In an alternative embodiment, the affinity tag is a 
component of a layer of af?nity tag molecules immobiliZed 
on the monolayer. A hydrogel can serve as a suitable layer 
of affinity tag molecules. Dextran is one possible hydrogel 
material useful for the present invention. Alternatively, other 
polysaccharides or Water-sWellable organic polymers may 
also suffice. Uses of such hydrogels to immobiliZe biological 
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moieties are described in US. Pat. No. 5,242,828. Polyl 
ysine is another option. An example of a use of polylysine 
layer on an 11-mercaptoundecanoic acid monolayer can be 
found in US. Pat. No. 5,629,213. The layer of af?nity tag 
molecules can optionally instead constitute a phospholipid 
monolayer or a phospholipid bilayer, as described in PCT 
Publication WO 96/38726. Use of a phospholipid monolayer 
or bilayer as an af?nity tag Would be suitable if the biologi 
cal moiety to be immobiliZed is a membrane protein, such as 
an ion channel protein. 

[0114] Another major embodiment of devices of the 
present invention comprises an adaptor molecule that links 
the af?nity tag to the immobiliZed biological moiety. The 
additional spacing of the biological moiety from the surface 
of the substrate (or coating) that is afforded by the use of an 
adaptor molecule is particularly advantageous if the biologi 
cal moiety is a type of molecule Which is knoWn to be prone 
to surface inactivation, as is the case With proteins. One of 
ordinary skill in the art Will be able to choose an adaptor 
molecule Which is appropriate for a given affinity tag and/or 
biological moiety. For instance, if the af?nity tag is strepta 
vidin, then the adaptor molecule could be a biotin molecule 
that is chemically conjugated to the biological moiety. 
Alternatively, if the af?nity tag is a phospholipid bilayer or 
monolayer then a membrane anchor could be chosen as a 
suitable adaptor molecule. 

[0115] In one embodiment, the adaptor is a polypeptide, 
such as protein G or protein A. In a preferred embodiment, 
the af?nity tag, adaptor molecule, and biological moiety 
together compose a fusion protein. Such a fusion protein 
may be readily expressed using standard recombinant DNA 
technology. Adaptor proteins are especially useful to 
increase the solubility of the protein of interest and to 
increase the distance betWeen the surface of the substrate or 
coating and the protein of interest. Use of an adaptor protein 
or polypeptide can also be very useful in facilitating the 
preparative steps of protein puri?cation by affinity binding. 
Examples of possible adaptor proteins include glutathione 
S-transferase (GST), maltose-binding protein, chitin-bind 
ing protein, thioredoxin, green-?uorescent protein (GFP). 
GFP can also be used for quanti?cation of surface binding. 

[0116] FIG. 8 shoWs a biological moiety 10 immobiliZed 
on a monolayer 7 via both an af?nity tag 8 and an adaptor 
molecule 9. The monolayer 7 has been formed on a coating 
5 on a substrate 3. An interlayer 6 is also used betWeen the 
coating 5 and the substrate 3. 

[0117] In preparation for immobiliZation to the devices 
and arrays of the present invention, fusion proteins can be 
expressed from recombinant DNA either in vivo or in vitro. 
Amino acid af?nity tags are introduced by polymerase chain 
reaction. Expression in vivo is in either bacteria (Escheri 
chia c0li), loWer eukaryotes (Saccharomyces cerevisiae, 
Saccharomyces pombe, Pichia pastoris) or higher eukary 
otes (bacculo-infected insect cells, insect cells mammalian 
cells), or in vitro (Escherichia coli lysates, Wheat germ 
extracts, reticulocyte lysates). Proteins are puri?ed by affin 
ity chromatography using commercially available resins. 

[0118] DNA sequences encoding amino acid af?nity tags 
and adaptor proteins are engineered into the expression 
vectors such that the genes of interest can be cloned in frame 
either 5‘ or 3‘ of the DNA sequence encoding the af?nity tag 
and adaptor protein. 




















