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(57) ABSTRACT 

Protein arrays for the parallel, in vitro screening of biomo 
lecular activity are provided. Methods of using the protein 
arrays are also disclosed. On the arrays, a plurality of 
different proteins, such as different members of a single 
protein family, are immobilized on one or more organic 
thin?ms on the substrate surface. The protein arrays are 
particularly useful in drug development, proteomics, and 
clinical diagnostics. 
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ARRAYS OF PROTEINS AND METHODS OF USE 
THEREOF 

[0001] This application is a continuation of co-pending 
application Ser. No. 09/353,215, ?led Jul. 14, 1999, Which 
is a continuation-in-part of co-pending application Ser. No. 
09/115,455, ?led Jul. 14, 1998, both of Which are incorpo 
rated herein by reference in their entirety for all purposes 
and the speci?c purposes disclosed throughout this applica 
tion. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates generally to arrays of 
proteins and methods for the parallel in vitro screening of a 
plurality of protein-analyte interactions. More speci?cally, 
the present invention relates to uses of the arrays for drug 
development, proteomics, and clinical diagnostics. 

[0004] b) Description of Related Art 

[0005] A vast number of neW drug targets are noW being 
identi?ed using a combination of genomics, bioinformatics, 
genetics, and high-throughput biochemistry. Genomics pro 
vides information on the genetic composition and the activ 
ity of an organism’s genes. Bioinformatics uses computer 
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 greatly boost the number of 
drug targets (usually, proteins). 

a) Field of the Invention 

[0006] 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. 
[0007] 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. 

[0008] 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. 

[0009] 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 
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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 
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. 

[0010] 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. 

[0011] 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 valves 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. 

[0012] 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. 

[0013] MiniaturiZed DNA chip technologies have been 
developed (for eXample, see US. Pat. Nos. 5,412,087, 
5,445,934 and 5,744,305) and are currently being eXploited 
for nucleic acid hybridiZation assays. HoWever, DNA bio 
chip technology is not transferable to protein arrays because 
the chemistries and materials used for DNA biochips are not 
readily transferable to use With proteins. Nucleic acids 
Withstand temperatures up to 100° C., can be dried and 
re-hydrated Without loss of activity, and can be bound 
directly to organic adhesion layers supported by materials 
such as glass While maintaining their activity. In contrast, 
proteins must remain hydrated, kept at ambient tempera 
tures, and are very sensitive to the physical and chemical 
properties of the support materials. Therefore, maintaining 
protein activity at the liquid-solid interface requires entirely 
different immobiliZation strategies than those used for 
nucleic acids. Additionally, the proper orientation of the 
protein at the interface is desirable to ensure accessibility of 
their active sites With interacting molecules. With miniatur 
iZation of the chip and decreased feature siZes the ratio of 
accessible to non-accessible antibodies becomes increas 
ingly relevant and important. 



US 2002/0110933 A1 

[0014] 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 highly speci?c lead compounds early in the drug 
discovery process. AnalyZing a multitude of members of a 
protein family or forms of a polymorphic protein in parallel 
(multitarget screening) enables quick identi?cation of highly 
speci?c lead compounds. 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 
additional interactions requires a tremendous effort in time 
and costs and as a consequence is simply not done. 

[0015] HoWever, cross-reactivity of a drug With related 
proteins can be the cause of loW ef?cacy 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. 

[0016] For the foregoing reasons, there is a need for 
miniaturiZed protein arrays and for methods for the parallel, 
in vitro, screening of the interactions betWeen a plurality of 
proteins and one or more analytes in a manner that mini 
miZes reagent volumes and protein inactivation problems. 

SUMMARY OF THE INVENTION 

[0017] The present invention is directed to miniaturiZed 
protein arrays and methods of use thereof that satisfy the 
need for parallel, in vitro, screening of the interactions 
betWeen a plurality of proteins and one or more analytes in 
a manner that minimiZes reagent Volumes and protein inac 
tivation problems. 

[0018] In one embodiment, the present invention provides 
an array of proteins Which comprises a substrate, at least one 
organic thin?lm on some or all of the substrate surface, and 
a plurality of patches arranged in discrete, knoWn regions on 
portions of the substrate surface covered by organic thin?lm, 
Wherein each of said patches comprises a protein immobi 
liZed on the underlying organic thin?m. Preferably, a plu 
rality of different proteins are present on separate patches of 
the array. 

[0019] In a second embodiment, the invention provides a 
method for screening a plurality of proteins for their ability 
to interact With a component of a sample. The method of this 
embodiment comprises delivering the sample to the array of 
proteins of the invention, and detecting, either directly or 
indirectly, for the interaction of the component With the 
immobiliZed protein of each patch. 

[0020] In a third embodiment, the invention provides a 
method for screening a plurality of proteins for their ability 
to bind a particular component of a sample. The method of 
this embodiment comprises ?rst delivering the sample to the 
array of proteins of the invention. In a ?nal step, the method 
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comprises detecting, either directly or indirectly, for the 
presence or amount of the particular component Which is 
retained at each patch. Optionally, the method comprises the 
additional step of further characteriZing the particular com 
ponent retained at the site of at least one patch. 

[0021] In an alternative embodiment, the invention pro 
vides a method of assaying for protein-protein binding 
interactions. The ?rst step of the method of this embodiment 
comprises delivering a sample comprising at least one 
protein to be assayed for binding to the protein array of the 
invention. The last step comprises detecting, either directly 
or indirectly, for the presence or amount of the protein from 
the sample Which is retained at each patch. 

[0022] In another embodiment of the invention, a method 
for assaying for a plurality of analytes in a sample is 
provided Which comprises delivering the sample to a protein 
array of the invention and detecting for the interaction of the 
analytes With the immobiliZed protein at each patch. 

[0023] In still another embodiment of the invention, an 
alternative method for assaying for a plurality of analytes in 
a sample is provided Which comprises delivering the ?uid 
sample to a protein array of the invention and detecting 
either directly or indirectly, for the presence or amount of 
analyte retained at each patch. 

BRIEF DESCRIPTION OF THE FIGURES 

[0024] FIG. 1 shoWs the top vieW of an array of protein 
reactive patches. 

[0025] FIG. 2 shoWs the cross section of an individual 
patch of the array of FIG. 1. 

[0026] FIG. 3 shoWs the cross section of a roW of mono 
layer-covered patches of the array of FIG. 1. 

[0027] FIG. 4 shoWs a thiolreactive monolayer on a 
substrate. 

[0028] FIG. 5 shoWs an aminoreactive monolayer on a 
coated substrate. 

[0029] FIG. 6 shoWs the immobiliZation of a protein on a 
monolayer-coated substrate via an af?nity tag. 

[0030] FIG. 7 shoWs the immobiliZation of a protein on a 
monolayer-coated substrate via an af?nity tag and an adap 
tor. 

[0031] FIG. 8 shoWs a schematic of a ?uorescence detec 
tion unit Which may be used to monitor interaction of the 
proteins of the array With an analyte. 

[0032] FIG. 9 shoWs a schematic of an ellipsometric 
detection unit Which may be used to monitor interactions 
betWeen analytes and the proteins of the array. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] A variety of protein arrays, methods, and protein 
coated substrates useful for drug development, proteomics, 
clinical diagnostics, and related applications are provided by 
the present invention. 

[0034] (a) De?nitions 
[0035] A “protein” means a polymer of amino acid resi 
dues linked together by peptide bonds. The term, as used 
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herein, refers to proteins, polypeptides, and peptides of any 
siZe, structure, or function. Typically, however, a protein Will 
be at least siX amino acids long. Preferably, if the protein is 
a short peptide, it Will be at least about 10 amino acid 
residues long. Aprotein may be naturally occurring, recom 
binant, or synthetic, or any combination of these. Aprotein 
may also be just a fragment of a naturally occurring protein 
or peptide. Aprotein may be a single molecule or may be a 
multi-molecular compleX. The term protein may also apply 
to amino acid polymers in Which one or more amino acid 
residues is an arti?cial chemical analogue of a correspond 
ing naturally occurring amino acid. 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 term 
“protein” herein. 

[0036] A“fragment of a protein” means a protein Which is 
a portion of another protein. 

[0037] For instance, fragments of a proteins may be 
polypeptides obtained by digesting full-length protein iso 
lated from cultured cells. A fragment of a protein Will 
typically comprise at least siX amino acids. More typically, 
the fragment Will comprise at least ten amino acids. Pref 
erably, the fragment comprises at least about 16 amino acids. 

[0038] The term “antibody” means an immunoglobulin, 
Whether natural or Wholly or partially synthetically pro 
duced. All derivatives thereof Which maintain speci?c bind 
ing ability are also included in the term. The term also covers 
any protein having a binding domain Which is homologous 
or largely homologous to an immunoglobulin binding 
domain. These proteins may be derived from natural 
sources, or partly or Wholly synthetically produced. An 
antibody may be monoclonal or polyclonal. The antibody 
may be a member of any immunoglobulin class, including 
any of the human classes: IgG, IgM, IgA, IgD, and IgE. 
Derivatives of the IgG class, hoWever, are preferred in the 
present invention. 

[0039] The term “antibody fragment” refers to any deriva 
tive of an antibody Which is less than full-length. Preferably, 
the antibody fragment retains at least a signi?cant portion of 
the full-length antibody’s speci?c binding ability. Examples 
of antibody fragments include, but are not limited to, Fab, 
Fab‘, F(ab‘)2, scFv, Fv, dsFv diabody, and Fd fragments. The 
antibody fragment may be produced by any means. For 
instance, the antibody fragment may be enZymatically or 
chemically produced by fragmentation of an intact antibody 
or it may be recombinantly produced from a gene encoding 
the partial antibody sequence. Alternatively, the antibody 
fragment may be Wholly or partially synthetically produced. 
The antibody fragment may optionally be a single chain 
antibody fragment. Alternatively, the fragment may com 
prise multiple chains Which are linked together, for instance, 
by disul?de linkages. The fragment may also optionally be 
a multimolecular complex. A functional antibody fragment 
Will typically comprise at least about 50 amino acids and 
more typically Will comprise at least about 200 amino acids. 

[0040] Single-chain Fvs (scFvs) are recombinant antibody 
fragments consisting of only the variable light chain (VI) 
and variable heavy chain (VH) covalently connected to one 
another by a polypeptide linker. Either VL or VH may be the 
NHZ-terminal domain. The polypeptide linker may be of 
variable length and composition so long as the tWo variable 
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domains are bridged Without serious steric interference. 
Typically, the linkers are comprised primarily of stretches of 
glycine and serine residues With some glutamic acid or 
lysine residues interspersed for solubility. 

[0041] “Diabodies” are dimeric scFvs. The components of 
diabodies typically have shorter peptide linkers than most 
scFvs and they shoW a preference for associating as dimers. 

[0042] An “Fv” fragment is an antibody fragment Which 
consists of one VH and one VL domain held together by 
noncovalent interactions. The term “dsFv” is used herein to 
refer to an Fv With an engineered intermolecular disul?de 
bond to stabiliZe the VH-VL pair. 

[0043] A “F(ab‘)2” fragment is an antibody fragment 
essentially equivalent to that obtained from immunoglobu 
lins (typically IgG) by digestion With an enZyme pepsin at 
pH 4.04.5. The fragment may be recombinantly produced. 

[0044] A “Fab‘” fragment is an antibody fragment essen 
tially equivalent to that obtained by reduction of the disul 
?de bridge or bridges joining the tWo heavy chain pieces in 
the F(ab‘)2 fragment. The Fab‘ fragment may be recombi 
nantly produced. 

[0045] A “Fab” fragment is an antibody fragment essen 
tially equivalent to that obtained by digestion of immuno 
globulins (typically IgG) With the enZyme papain. The Fab 
fragment may be recombinandy produced. The heavy chain 
segment of the Fab fragment is the Fd piece. 

[0046] The term “protein-capture agent” means a mol 
ecule or a multi-molecular compleX Which can bind a protein 
to itself. Protein-capture agents preferably bind their binding 
partners in a substantially speci?c manner. Protein-capture 
agents With a dissociation constant (KD) of less than about 
10'6 are preferred. Antibodies or antibody fragments are 
highly suitable as protein-capture agents. Antigens may also 
serve as protein-capture agents, since they are capable of 
binding antibodies. A receptor Which binds a protein ligand 
is another eXample of a possible protein-capture agent. 
Protein-capture agents are understood not to be limited to 
agents Which only interact With their binding partners 
through noncovalent interactions. Protein-capture agents 
may also optionally become covalently attached to the 
proteins Which they bind. For instance, the protein-capture 
agent may be photocrosslinked to its binding partner fol 
loWing binding. 

[0047] The term “binding partner” means a protein Which 
is bound by a particular protein-capture agent, preferably in 
a substantially speci?c manner. In some cases, the binding 
partner may be the protein normally bound in vivo by a 
protein Which is a protein-capture agent. In other embodi 
ments, hoWever, the binding partner may be the protein or 
peptide on Which the protein-capture agent Was selected 
(through in vitro or in vivo selection) or raised (as in the case 
of antibodies). A binding partner may be shared by more 
than one protein-capture agent. For instance, a binding 
partner Which is bound by a variety of polyclonal antibodies 
may bear a number of different epitopes. One protein 
capture agent may also bind to a multitude of binding 
partners (for instance, if the binding partners share the. same 
epitope), 
[0048] “Conditions suitable for protein binding” means 
those conditions (in terms of salt concentration, pH, deter 
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gent, protein concentration, temperature, etc.) Which allow 
for binding to occur betWeen a protein and its binding 
partner in solution. Preferably, the conditions are not so 
lenient that a signi?cant amount of nonspeci?c protein 
binding occurs. 

[0049] A “body ?uid” may be any liquid substance 
extracted, excreted, or secreted from an organism or tissue 
of an organism. The body ?uid need not necessarily contain 
cells. Body ?uids of relevance to the present invention 
include, but are not limited to, Whole blood, serum, urine, 
plasma, cerebral spinal ?uid, tears, sinovial ?uid, and amni 
otic ?uid. 

[0050] An “array” is an arrangement of entities in a pattern 
on a substrate. Although the pattern is typically a tWo 
dimensional pattern, the pattern may also be a three-dimen 
sional pattern. 

[0051] The term “substrate” refers to the bulk, underlying, 
and core material of the arrays of the invention. 

[0052] The terms “micromachining” and “microfabrica 
tion” both refer to any number of techniques Which are 
useful in the generation of microstructures (structures With 
feature siZes of sub-millimeter scale). Such technologies 
include, but are not limited to, laser ablation, electrodepo 
sition, physical and chemical vapor deposition, photolithog 
raphy, and Wet chemical and dry etching. Related technolo 
gies such as injection molding and LIGA (x-ray lithography, 
electrodeposition, and molding) are also included. Most of 
these techniques Were originally developed for use in semi 
conductors, microelectronics, and Micro-ElectroMechanical 
Systems (MEMS) but are applicable to the present invention 
as Well. 

[0053] The term “coating” means a layer that is either 
naturally or synthetically formed on or applied to the surface 
of the substrate. For instance, exposure of a substrate, such 
as silicon, to air results 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 not derived from the substrate 
and may be placed upon the surface via mechanical, physi 
cal, electrical, or chemical means. An example of this type 
of coating Would be a metal coating that is applied to a 
silicon or polymer substrate or a silicon nitride coating that 
is applied to a silicon substrate. Although a coating may be 
of any thickness, typically the coating has a thickness 
smaller than that of the substrate. 

[0054] An “interlayer” is an additional coating or layer 
that is positioned betWeen the ?rst coating and the substrate. 
Multiple interlayers may optionally be used together. The 
primary purpose of a typical interlayer is to aid adhesion 
betWeen the ?rst coating and the substrate. One such 
example is the use of a titanium or chromium interlayer to 
help adhere a gold coating to a silicon or glass surface. 
HoWever, other possible functions of an interlayer are also 
anticipated. For instance, some interlayers may perform a 
role in the detection system of the array (such as a semi 
conductor or metal layer betWeen a nonconductive substrate 
and a nonconductive coating). 

[0055] An “organic thin?lm” is a thin layer of organic 
molecules Which has been applied to a substrate or to a 
coating on a substrate if present. Typically, an organic ini is 
less than about 20 nm thick. Optionally, an organic thin?lm 
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may be less than about 10 nm thick. An organic thin?lm may 
be disordered or ordered. For instance, an organic thin?m 
can be amorphous (such as a chemisorbed or spin-coated 
polymer) or highly organiZed (such as a Langmuir-Blodgett 
?lm or self-assembled monolayer). An organic thin?lm may 
be heterogeneous or homogeneous. Organic thin?lms Which 
are monolayers are preferred. A lipid bilayer or monolayer 
is a preferred organic thin?lm. Optionally, the organic 
thin?lm may comprise a combination of more than one form 
of organic thin?lm. For instance, an organic thin?lm may 
comprise a lipid bilayer on top of a self-assembled mono 
layer. Ahydrogel may also compose an organic thin?lm. The 
organic thin?lm Will typically have functionalities exposed 
on its surface Which serve to enhance the surface conditions 
of a substrate or the coating on a substrate in any of a number 
of Ways. For instance, exposed functionalities of the organic 
thin?lm are typically useful in the binding or covalent 
immobiliZation of the proteins to the patches of the array. 
Alternatively, the organic thin?im may bear functional 
groups (such as polyethylene glycol (PEG)) Which reduce 
the non-speci?c binding of molecules to the surface. Other 
exposed functionalities serve to tether the thin?lm to the 
surface of the substrate or the coating. Particular function 
alities of the organic thin?lm may also be designed to enable 
certain detection techniques to be used With the surface. 
Alternatively, the organic thin?lm may serve the purpose of 
preventing inactivation of a protein immobiliZed on a patch 
of the array or analytes Which are proteins from occurring 
upon contact With the surface of a substrate or a coating on 
the surface of a substrate. 

[0056] A “monolayer” is a single-molecule thick organic 
thin?lm. A monolayer may be disordered or ordered. A 
monolayer may optionally be a polymeric compound, such 
as a polynonionic polymer, a polyionic polymer, or a block 
copolymer. For instance, the monolayer may be composed 
of a poly(amino acid) such as polylysine. A monolayer 
Which is a self-assembled monolayer, hoWever, is most 
preferred. One face of the self-assembled monolayer is 
typically composed of chemical functionalities on the ter 
mini of the organic molecules that are chemisorbed or 
physisorbed onto the surface of the substrate or, if present, 
the coating on the substrate. Examples of suitable function 
alities of monolayers include the positively charged amino 
groups of poly-L-lysine for use on negatively charged sur 
faces and thiols for use on gold surfaces. Typically, the other 
face of the self-assembled monolayer is exposed and may 
bear any number of chemical functionalities (end groups). 
Preferably, the molecules of the self-assembled monolayer 
are highly ordered. 

[0057] A “self-assembled monolayer” is a monolayer 
Which is created by the spontaneous assembly of molecules. 
The self-assembled monolayer may be ordered, disordered, 
or exhibit short- to long-range order. 

[0058] An “af?nity tag” is a functional moiety capable of 
directly or indirectly immobiliZing a protein onto an exposed 
functionality of the organic thin?lm. Preferably, the affinity 
tag enables the site-speci?c immobiliZation and thus 
enhances orientation of the protein onto the organic thin?lm. 
In some cases, the affinity tag may be a simple chemical 
functional group. Other possibilities include amino acids, 
poly(amino acid) tags, or full-length proteins. Still other 
possibilities include carbohydrates and nucleic acids. For 
instance, the af?nity tag may be a polynucleotide Which 
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hybridiZes to another polynucleotide serving as a functional 
group on the organic thin?lm or another polynucleotide 
serving as an adaptor. The af?nity tag may also be a 
synthetic chemical moiety. If the organic thin?lm of each of 
the patches comprises a lipid bilayer or monolayer, then a 
membrane anchor is a suitable af?nity tag. The affinity tag 
may be covalently or noncovalently attached to the protein. 
For instance, if the af?nity tag is covalently attached to the 
protein it may be attached via chemical conjugation or as a 
fusion protein. The affinity tag may also be attached to the 
protein via a cleavable linkage. Alternatively, the af?nity tag 
may not be directly in contact With the protein. The affinity 
tag may instead be separated from the protein by an adaptor. 
The af?nity tag may immobiliZe the protein to the organic 
thin?lm either through noncovalent interactions or through 
a covalent linkage. 

[0059] An “adaptor”, for purposes of this invention, is any 
entity that links an af?nity tag to the immobiliZed protein of 
a patch of the array. The adaptor may be, but need not 
necessarily be, a discrete molecule that is noncovalently 
attached to both the af?nity tag and the protein. The adaptor 
can instead be covalently attached to the affinity tag or the 
protein or both (via chemical conjugation or as a fusion 
protein, for instance). Proteins such as full-length proteins, 
polypeptides, or peptides are typical adaptors. Other pos 
sible adaptors include carbohydrates and nucleic acids. 

[0060] 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. 

[0061] The term “normal physiological condition” means 
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-organismal 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. 

[0062] “Proteomics” means the study of or the character 
iZation of either the proteome or some fraction of the 
proteome. The “proteome” is the total collection of the 
intracellular proteins of a cell or population of cells and the 
proteins secreted by the cell or population of cells. This 
characteriZation most typically includes measurements of 
the presence, and usually quantity, of the proteins Which 
have been expressed by a cell. The function, structural 
characteristics (such as post translational modi?cation), and 
location Within the cell of the proteins may also be studied. 
“Functional proteomics” refers to the study of the functional 
characteristics, activity level, and structural characteristics 
of the protein eXpression products of a cell or population of 
cells. 

[0063] (b) Arrays of Proteins. 

[0064] The present invention is directed to arrays of 
proteins. Typically, the protein arrays comprise micrometer 
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scale, tWo-dimensional patterns of patches of proteins 
immobiliZed on an organic thin?lm coating on the surface of 
the substrate. 

[0065] In one embodiment, the present invention provides 
an array of proteins Which comprises a substrate, at least one 
organic thin?lm on some or all of the substrate surface, and 
a plurality of patches arranged in discrete, knoWn regions on 
portions of the substrate surface covered by organic thin?lm, 
Wherein each of said patches comprises a protein immobi 
liZed on the underlying organic thin?lm. 

[0066] In most cases, the array Will comprise at least about 
ten patches. In a preferred embodiment, the array comprises 
at least about 50 patches. In a particularly preferred embodi 
ment the array comprises at least about 100 patches. In 
alternative preferred Embodiments, the array of proteins 
may comprise more than 103, 104 or 105 patches. 

[0067] The area of surface of the substrate covered by 
each of the patches is preferably no more than about 0.25 
mm2. Preferably, the area of the substrate surface covered by 
each of the patches is betWeen about 1 pm2 and about 10,000 
pmz. In a particularly preferred embodiment, each patch 
covers an area of the substrate surface from about 100 pm2 
to about 2,500 pmz. In an alternative embodiment, a patch 
on the array may cover an area of the substrate surface as 

small as about 2,500 nm2, although patches of such small 
siZe are generally not necessary for the use of the array. 

[0068] The patches of the array may be of any geometric 
shape. For instance, the patches may be rectangular or 
circular. The patches of the array may also be irregularly 
shaped. 
[0069] The distance separating the patches of the array can 
vary. Preferably, the patches of the array are separated from 
neighboring patches by about 1 pm to about 500 pm. 
Typically, the distance separating the patches is roughly 
proportional to the diameter or side length of the patches on 
the array if the patches have dimensions greater than about 
10 pm. If the patch siZe is smaller, then the distance 
separating the patches Will typically be larger than the 
dimensions of the patch. 

[0070] In a preferred embodiment of the array, the patches 
of the array are all contained Within an area of about 1 cm2 
or less on the surface of the substrate. In one preferred 
embodiment of the array, therefore, the array comprises 100 
or more patches Within a total area of about 1 cm2 or less on 
the surface of the substrate. Alternatively, a particularly 
preferred array comprises 103 or more patches Within a total 
area of about 1 cm2 or less. A preferred array may even 
optionally comprise 104 or 105 or more patches Within an 
area of about 1 cm2 or less on the surface of the substrate. 
In other embodiments of the invention, all of the patches of 
the array are contained Within an area of about 1 mm2 or less 
on the surface of the substrate. 

[0071] Typically, only one type of protein is immobiliZed 
on each patch of the array. In a preferred embodiment of the 
array, the protein immobiliZed on one patch differs from the 
protein immobiliZed on a second patch of the same array. In 
such an embodiment, a plurality of different proteins are 
present on separate patches of the array. Typically the array 
comprises at least about ten different proteins. Preferably, 
the array comprises at least about 50 different proteins. More 
preferably, the array comprises at least about 100 different 
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proteins. Alternative preferred arrays comprise more than 
about 103 different proteins or more than about 104 different 
proteins. The array may even optionally comprise more than 
about 105 different proteins. 

[0072] In one embodiment of the array, each of the patches 
of the array comprises a different protein. For instance, an 
array comprising about 100 patches could comprise about 
100 different proteins. Likewise, an array of about 10,000 
patches could comprise about 10,000 different proteins. In 
an alternative embodiment, hoWever, each different protein 
is immobiliZed on more than one separate patch on the array. 
For instance, each different protein may optionally be 
present on tWo to six different patches. An array of the 
invention, therefore, may comprise about three-thousand 
protein patches, but only comprise about one thousand 
different proteins since each different protein is present on 
three different patches. 

[0073] In another embodiment of the present invention, 
although the protein of one patch is different from that of 
another, the proteins are related. In a preferred embodiment, 
the tWo different proteins are members of the same protein 
family. The different proteins on the invention array may be 
either functionally related or just suspected of being func 
tionally related. In another embodiment of the invention 
array, hoWever, the function of the immobiliZed proteins 
may be unknoWn. In this case, the different proteins on the 
different patches of the array share a similarity in structure 
or sequence or are simply suspected of sharing a similarity 
in structure or sequence. Alternatively, the immobiliZed 
proteins may be just fragments of different members of a 
protein family. 
[0074] The proteins immobiliZed on the array of the 
invention may be members of a protein family such as a 
receptor family (examples: groWth factor receptors, cat 
echolamine receptors, amino acid derivative receptors, 
cytokine receptors, lectins), ligand family (examples: cytok 
ines, serpins), enZyme family (examples: proteases, kinases, 
phosphatases, ras-like GTPases, hydrolases), and transcrip 
tion factors (examples: steroid hormone receptors, heat 
shock transcription factors, Zinc-?nger proteins, leucineZip 
per proteins, homeodomain proteins). In one embodiment, 
the different immobiliZed proteins are all HIV proteases or 
hepatitis C virus (HCV) proteases. In other embodiments of 
the invention, the immobiliZed proteins on the patches of the 
array are all hormone receptors, neurotransmitter receptors, 
extracellular matrix receptors, antibodies, DNA-binding 
proteins, intracellular signal transduction modulators and 
effectors, apoptosis-related factors, DNA synthesis factors, 
DNA repair factors, DNA recombination factors, or cell 
surface antigens. 

[0075] In a preferred embodiment, the protein immobi 
liZed on each patch is an antibody or antibody fragment. The 
antibodies or antibody fragments of the array may optionally 
be single-chain Fvs, Fab fragments, Fab‘ fragments, F(ab‘)2 
fragments, Fv fragments, dsFvs diabodies, Fd fragments, 
full-length, antigen-speci?c polyclonal antibodies, or full 
length monoclonal antibodies. In a preferred embodiment, 
the immobiliZed proteins on the patches of the array are 
monoclonal antibodies, Fab fragments or single-chain Fvs. 

[0076] In another preferred embodiment of the invention, 
the proteins immobiliZed to each patch of the array are 
protein-capture agents. 
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[0077] In an alternative embodiment of the invention 
array, the proteins on different patches are identical. 

[0078] Biosensors, micromachined devices, and diagnos 
tic devices that comprise the protein arrays of the invention 
are also contemplated by the present invention. 

[0079] (c) Substrates, Coating, and Organic Thin?lms. 

[0080] The substrate of the array may be either organic or 
inorganic, biological or non-biological, or any combination 
of these materials. In one embodiment, the substrate is 
transparent or translucent. The portion of the surface of the 
substrate on Which the patches reside is preferably ?at and 
?rm or semi-?lm. HoWever, the array of the present inven 
tion need not necessarily be ?at or entirely tWo-dimensional. 
Signi?cant topological features may be present on the sur 
face of the substrate surrounding the patches, betWeen the 
patches or beneath the patches. For instance, Walls or other 
barriers may separate the patches of the array. 

[0081] Numerous materials are suitable for use as a sub 
strate in the array embodiment of the invention. For 
instance, the substrate of the invention array can comprise a 
material selected from a group consisting of silicon, silica, 
quartZ, glass, controlled pore glass, carbon, alumina, titania, 
tantalum oxide, germanium, silicon nitride, Zeolites, and 
gallium arsenide. Many metals such as gold, platinum, 
aluminum, copper, titanium, and their alloys are also options 
for substrates of the array. In addition, many ceramics and 
polymers may also be used as substrates. Polymers Which 
may be used as substrates include, but are not limited to, the 
folloWing: polystyrene; poly(tetra)?uoroethylene (PTFE); 
polyvinylidenedi?uoride; polycarbonate; polymethyl 
methacrylate; polyvinylethylene; polyethyleneimine; poly 
(etherether)ketone; polyoxymethylene (POM); polyvi 
nylphenol; polylactides; polymethacrylimide (PI); 
polyalkenesulfone (PAS); polypropylene; polyethylene; 
polyhydroxyethylmethacrylate (HEMA); polydimethylsi 
loxane; polyacrylanmide; polyimide; and block-copolymers. 
Preferred substrates for the array include silicon, silica, 
glass, and polymers. The substrate on Which the patches 
reside may also be a combination of any of the aforemen 
tioned substrate materials. 

[0082] An array of the present invention may optionally 
further comprise a coating betWeen the substrate and organic 
thin?lm on the array. This coating may either be formed on 
the substrate or applied to the substrate. The substrate can be 
modi?ed With a coating by using thin-?lm technology based, 
for example, on physical vapor deposition (PVD), thermal 
processing, or plasma-enhanced chemical vapor deposition 
(PECVD). Alternatively, plasma exposure can be used to 
directly activate or alter the substrate and create a coating. 
For instance, plasma etch procedures can be used to oxidiZe 
a polymeric surface (i.e., polystyrene or polyethylene to 
expose polar functionalities such as hydroxyls, carboxylic 
acids, aldehydes and the like). 

[0083] The coating is optionally a metal ?lm. Possible 
metal ?lms include aluminum, chromium, titanium, tanta 
lum, nickel, stainless steel, Zinc, lead, iron, copper, magne 
sium,. manganese, cadmium, tungsten, cobalt, and alloys or 
oxides thereof. In a preferred embodiment, the metal ?lm is 
a noble metal ?lm. Noble metals that may be used for a 
coating include, but are not limited to, gold, platinum, silver, 
and copper. In an especially preferred embodiment, the 
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coating comprises gold or a gold alloy. Electron-beam 
evaporation may be used to provide a thin coating of gold on 
the surface of the substrate. In a preferred embodiment, the 
metal ?lm is from about 50 nm to about 500 nm in thickness. 
In an alternative embodiment, the metal ?lm is from about 
1 nm to about 1 pm in thickness. 

[0084] In alternative embodiments, the coating comprises 
a composition selected from the group consisting of silicon, 
silicon oxide, titania, tantalum oxide, silicon nitride, silicon 
hydride, indium tin oxide, magnesium oxide, alumina, glass, 
hydroxylated surfaces, and polymers. 
[0085] In one embodiment of the invention array, the 
surface of the coating is atomically ?at. In this embodiment, 
the mean roughness of the surface of the coating is less than 
about 5 angstroms for areas of at least 25 pmz. In a preferred 
embodiment, the mean roughness of the surface of the 
coating is less than about 3 angstroms for areas of at least 25 
pmz. The ultra?at coating can optionally be a template 
stripped surface as described in Hegner et al., Surface 
Science, 1993, 29113946 and Wagner et al.,Langmuir; 1995, 
11:3867-3875, both of Which are incorporated herein by 
reference. 

[0086] It is contemplated that the coatings of many arrays 
Will require the addition of at least one adhesion layer 
betWeen said coating and the substrate. Typically, the adhe 
sion layer Will be at least 6 angstroms thick and may be 
much thicker. For instance, a layer of titanium or chromium 
may be desirable betWeen a silicon Wafer and a gold coating. 
In an alternative embodiment, an epoxy glue such as Epo-tek 
377®, Epo-tek 301-2®, (Epoxy Technology Inc., Billerica, 
Mass.) may be preferred to aid adherence of the coating to 
the substrate. Determinations as to What material should be 
used for the adhesion layer Would be obvious to one skilled 
in the art once materials are chosen for both the substrate and 
coating. In other embodiments, additional adhesion media 
tors or interlayers may be necessary to improve the optical 
properties of the array, for instance, in Waveguides for 
detection purposes. 

[0087] Deposition or formation of the coating (if present) 
on the substrate is performed prior to the formation of the 
organic thin?lm thereon. Several different types of coating 
may be combined on the surface. The coating may cover the 
Whole surface of the substrate or only parts of it. The pattern 
of the coating may or may not be identical to the pattern of 
organic thin?lms used to immobiliZe the proteins. In one 
embodiment of the invention, the coating covers the sub 
strate surface only at the site of the patches of the immobi 
liZed. Techniques useful for the formation of coated patches 
on the surface of the substrate Which are organic thin?lm 
compatible are Well knoWn to those of ordinary skill in the 
art. For instance, the patches of coatings on the substrate 
may optionally be fabricated by photolithography, micro 
molding (PCT Publication WO 96/29629), Wet chemical or 
dry etching, or any combination of these. 

[0088] The organic thin?lm on Which each of the patches 
of proteins is immobiliZed forms a layer either on the 
substrate itself or on a coating covering the substrate. The 
organic thin?lm on Which the proteins of the patches are 
immobiliZed is preferably less than about 20 nm thick. In 
some embodiments of the invention, the organic thin?lm of 
each of the patches may be less than about 10 nm thick. 

[0089] Avariety of different organic thin?lms are suitable 
for use in the present invention. Methods for the formation 
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of organic thin?lms include in situ groWth from the surface, 
deposition by physisorption, spin-coating, chemisorption, 
self-assembly, or plasma-initiated polymeriZtion from gas 
phase. For instance, a hydrogel composed of a material such 
as dextran can serve as a suitable organic thin?lm on the 

patches of the array. In one preferred embodiment of the 
invention, the organic thin?lm is a lipid bilayer. In another 
preferred embodiment, the organic thin?lm of each of the 
patches of the array is a monolayer. A monolayer of pol 
yarginine or polylysine adsorbed on a negatively charged 
substrate or coating is one option for the organic thin?lm. 
Another option is a disordered monolayer of tethered poly 
mer chains. In a particularly preferred embodiment, the 
organic thin?lm is a self-assembled monolayer. Amonolayer 
of polylysine is one option for the organic thin?lm. The 
organic thin?lm is most preferably a self-assembled mono 
layer Which comprises molecules of the formula X-R-Y, 
Wherein R is a spacer, X is a functional group that binds R 
to the surface, and Y is a functional group for binding 
proteins onto the monolayer. In an alternative preferred 
embodiment, the self-assembled monolayer is comprised of 
molecules of the formula (X)aR(Y)b Where a and b are, 
independently, integers greater than or equal to 1 and X R, 
and Y are as previously de?ned. In an alternative preferred 
embodiment, the organic thin?lm comprises a combination 
of organic thin?lms such as a combination of a lipid bilayer 
immobiliZed on top of a self-assembled monolayer of mol 
ecules of the formula X-R-Y. As another example, a mono 
layer of polylysine can also optionally be combined With a 
self-assembled monolayer of molecules of the formula 
X-R-Y (see US. Pat. No. 5,629,213). 

[0090] In all cases, the coating, or the substrate itself if no 
coating is present, must be compatible With the chemical or 
physical adsorption of the organic thin?lm on its surface. 
For instance, if the patches comprise a coating betWeen the 
substrate and a monolayer of molecules of the formula 
X-R-Y, then it is understood that the coating must be 
composed of a material for Which a suitable functional group 
X is available. If no such coating is present, then it is 
understood that the substrate must be composed of a mate 
rial for Which a suitable functional group X is available. 

[0091] In a preferred embodiment of the invention, the 
regions of the substrate surface, or coating surface, Which 
separate the patches of proteins are free of organic thin?lm. 
In an alternative embodiment, the organic thin?lm extends 
beyond the area of the substrate surface, or coating surface 
if present, covered by the protein patches. For instance, 
optionally, the entire surface of the array may be covered by 
an organic thin?lm on Which the plurality of spatially 
distinct patches of proteins reside. An organic thin?lm Which 
covers the entire surface of the array may be homogenous or 
may optionally comprise patches of differing exposed func 
tionalities useful in the immobiliZation of patches of differ 
ent proteins. In still another alternative embodiment, the 
regions of the substrate surface, or coating surface if a 
coating is present, betWeen the patches of proteins are 
covered by an organic thin?lm, but an organic thin?lm of a 
different type than that of the patches of proteins. For 
instance, the surfaces betWeen the patches of proteins may 
be coated With an organic thin?lm characteriZed by loW 
non-speci?c binding properties for proteins and other ana 
lytes. 
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[0092] A variety of techniques may be used to generate 
patches of organic thin?lm on the surface of the substrate or 
on the surface of a coating on the substrate. These techniques 
are Well known to those skilled in the art and Will vary 
depending upon the nature of the organic thin?lm, the 
substrate, and the coating if present. The techniques Will 
also-vary depending on the structure of the underlying 
substrate and the pattern of any coating present on the 
substrate. For instance, patches of a coating Which is highly 
reactive With an organic thin?lm may have already been 
produced on the substrate surface. Arrays of patches of 
organic thin?lm can optionally be created by micro?uidics 
printing, microstamping (US. Pat. Nos. 5,512,131 and 
5,731,152), or microcontact printing (uCP) (PCT Publica 
tion WO 96/29629). Subsequent immobiliZation of proteins 
to the reactive monolayer patches results in tWo-dimensional 
arrays of the agents. Inkjet printer heads provide another 
option for patterning monolayer X-R-Y molecules, or com 
ponents thereof, or other organic thin?lm components to 
nanometer or micrometer scale sites on the surface of the 
substrate or coating (Lemmo et al., Anal Chem, 1997, 
69:543-551; US. Pat. Nos. 5,843,767 and 5,837,860). In 
some cases, commercially available arrayers based on cap 
illary dispensing (for instance, OmniGridTTM from Genema 
chines, inc, San Carlos, Calif., and High-Throughput 
Microarrayer from Intelligent Bio-Instruments, Cambridge, 
Mass.) may also be of use in directing components of 
organic thin?lms to spatially distinct regions of the array. 

[0093] Diffusion boundaries betWeen the patches of pro 
teins immobilized on organic thin?lms such as self-as 
sembled monolayers may be integrated as topographic pat 
terns (physical barriers) or surface functionalities With 
orthogonal Wetting behavior (chemical barriers). For 
instance, Walls of substrate material or photoresist may be 
used to separate some of the patches from some of the others 
or all of the patches from each other. Alternatively, non 
bioreactive organic thin?lms, such as monolayers, With 
different Wettability may be used to separate patches from 
one another. 

[0094] In a preferred embodiment of the invention, each of 
the patches of proteins comprises a self-assembled mono 
layer of molecules of the formula X-R-Y, as previously 
de?ned, and the patches are separated from each other by 
surfaces free of the monolayer. 

[0095] FIG. 1 shoWs the top vieW of one eXample of an 
array of 25 patches reactive With proteins. On the array, a 
number of patches 15 cover the surface of the substrate 3. 

[0096] FIG. 2 shoWs a detailed cross section of a patch 15 
of the array of FIG. 1. This vieW illustrates the use of a 
coating 5 on the substrate 3. An adhesion interlayer 6 is also 
included in the patch. On top of the patch resides a self 
assembled monolayer 7. 

[0097] FIG. 3 shoWs a cross section of one roW of the 
patches 15 of the array of FIG. 1. This ?gure also shoWs the 
use of a cover 2 over the array. Use of the cover 2 creates an 

inlet port 16 and an outlet port 17 for solutions to be passed 
over the array. 

[0098] A variety of chemical moieties may function as 
monolayer molecules of the formula X-R-Y in the array of 
the present invention. HoWever, three major classes of 
monolayer formation are preferably used to eXpose high 
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densities of reactive omega?nctionalities on the patches of 
the array: alkylsiloXane monolayers (“silanes”) on 
hydroXylated and non-hydroXylated surfaces (as taught in, 
for example, US. Pat. No. 5,405,766, PCT Publication WO 
96/38726, US. Pat. No. 5,412,087, and US. Pat. No. 
5,688,642); (ii) alkyl-thiol/dialkyldisul?de monolayers on 
noble metals (preferably Au(111)) (as, for eXample, 
described in Allara et al., US. Pat. No. 4,690,715; Bamdad 
et a., 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.,]. Am. Chem Soc., 1995, 117:3145 
3155, Wagner et al., Journal of Structural Biology, 1997, 
119:189-201, U.S. 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 
primarily upon the choice of substrate, coating, and affinity 
tag. Many eXamples of monolayers are described in Ulman, 
An Introduction to Ultrathin Organic Films: From Lang 
muir-Bloa'gett to SelfAssembly, Academic press (1991). 

[0099] In one embodiment, the monolayer comprises mol 
ecules of the formula (X),R(Y)b Wherein a and b are, 
independently, equal to an integer betWeen 1 and about 200. 
In a preferred embodiment, a and b are, independently, equal 
to an integer betWeen 1 and about 80. In a more preferred 
embodiment, a and b are, independently, equal to 1 or 2. In 
a most preferred embodiment, a and b are both equal to 1 
(molecules of the formula X-RY). 

[0100] If the patches of the invention array comprise a 
self-assembled monolayer of molecules of the formula 
(X)aR(Y)b, then R may optionally comprise a linear or 
branched hydrocarbon chain from about 1 to about 400 
carbons long. The hydrocarbon chain may comprise an 
alkyl, aryl, alkenyl, alkynyl, cycloalkyl, alkaryl, aralkyl 
group, or any combination thereof. If a and b are both equal 
to one, then R is typically an alkyl chain from about 3 to 
about 30 carbons long. In a preferred embodiment, if a and 
b are both equal to one, then R is an alkyl chain from about 
8 to about 22 carbons long and is, optionally, a straight 
alkane. HoWever, it is also contemplated that in an alterna 
tive embodiment, R may readily comprise a linear or 
branched hydrocarbon chain from about 2 to about 400 
carbons long and be interrupted by at least one hetero atom. 
The interrupting hetero groups can include —O—, 
—CONH—, —CONHCO—, —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 
be substituted With deuterium. In alternative, less preferred, 
embodiments, R may be more than about 400 carbons long. 

[0101] 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). When the 
substrate or coating is a metal or metal alloy, X, at least prior 
to incorporation into the monolayer, can in one embodiment 
be chosen to be an asymmetrical or symmetrical disul?de, 
sul?de, diselenide, selenide, thiol, isonitrile, selenol, a triva 
lent phosphorus compound, isothiocyanate, isocyanate, Xan 
thanate, thiocarbamate, a phosphine, an amine, thio acid or 
a dithio acid. This embodiment is especially preferred When 
a coating or substrate is used that is a noble metal such as 
gold, silver, or platinum. 
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[0102] If the substrate of the array is a material such as 
silicon, silicon oxide, indium tin oxide, magnesium oxide, 
alumina, quartZ, glass, or silica, then the array of one 
embodiment of the invention comprises an X that, prior to 
incorporation into said monolayer, is a monohalosilane, 
dihalosilane, trihalosilane, trialkoxysilane, dialkoxysilane, 
or a monoalkoxysilane. Among these silanes, trichlorosilane 
and trialkoxysilane are particularly preferred. 

[0103] In a preferred embodiment of the invention, the 
substrate is selected from the group consisting of silicon, 
silicon dioxide, indium tin oxide, alumina, glass, and titania; 
and X, prior to incorporation into said monolayer, is selected 
from the group consisting of a monohalosilane, dihalosilane, 
trihalosilane, trichlorosilane, trialkoxysilane, dialkoxysi 
lane, monoalkoxysilane, carboxylic acids, and phosphates. 

[0104] In another preferred embodiment of the invention, 
the substrate of the array is silicon and X is an ole?n. 

[0105] In still another preferred embodiment of the inven 
tion, the coating (or the substrate if no coating is present) is 
titania or tantalum oxide and X is a phosphate. 

[0106] In other embodiments, the surface of the substrate 
(or coating thereon) is composed of a material such as 
titanium oxide, tantalum oxide, indium tin oxide, magne 
sium oxide, or alumina Where X is a carboxylic acid or 
phosphoric acid. Alternatively, if the surface of the substrate 
(or coating thereon) of the array is copper, then X may 
optionally be a hydroxamic acid. 

[0107] 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 array. An appropriate 
functional group X for the coating Would then be chosen for 
use in the array. 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 array comprised of a polymer is 
that the surface of the polymer on Which the monolayer is 
formed is functionaliZed by copolymeriZation of appropri 
ately functionaliZed precursor molecules. 

[0108] 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 to, 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. 

[0109] 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. 

[0110] The component, Y, of the monolayer is a functional 
group responsible for binding a protein onto the monolayer. 
In a preferred embodiment of the invention, the Y group is 
either highly reactive (activated) toWards the protein or is 
easily converted into such an activated form. In a preferred 
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embodiment, the coupling of Y With the protein occurs 
readily under normal physiological conditions not detrimen 
tal to the activity of the protein. The functional group Y may 
either form a covalent linkage or a noncovalent linkage With 
the protein (or its af?nity tag, if present). In a preferred 
embodiment, the functional group Y forms a covalent link 
age With the protein or its af?nity tag. It is understood that 
folloWing the attachment of the protein (With or Without an 
affinity tag) to Y, the chemical nature of Y may have 
changed. Upon attachment of the protein, Y may even have 
been removed from the organic thin?lm. 

[0111] In one embodiment of the array of the present 
invention, Y is a functional group that is activated in situ. 
Possibilities for this type of functional group include, but are 
not limited to, such simple moieties such as a hydroxyl, 
carboxyl, amino, aldehyde, carbonyl, methyl, methylene, 
alkene, alkyne, carbonate, aryliodide, or a vinyl group. 
Appropriate modes of activation Would be obvious to one 
skilled in the art. Alternatively, Y can comprise a functional 
group that requires photoactivation prior to becoming acti 
vated enough to trap the protein. 

[0112] In an especially preferred embodiment of the array 
of the present invention, Y is a complex and highly reactive 
functional moiety that is compatible With monolayer forma 
tion and needs no in situ activation prior to reaction With the 
protein and/or af?nity tag. Such possibilities, for Y include, 
but are not limited to, maleimide, N-hydroxysuccinimide 
(Wagner et al., Biophysical Journal, 1996, 70:2052-2066), 
nitrilotriacetic acid (US. Pat. No. 5,620,850), activated 
hydroxyl haloacetyl, bromoacetyl, iodoacetyl, activated car 
boxyl, hydraZide, epoxy, aZiridine, sulfonylchloride, tri?uo 
romethyldiaZiridine, pyridyldisul?de, N-acyl-imidaZole, 
imidaZolecarbamate, vinylsulfone, succinimidylcarbonate, 
arylaZide, anhydride, diaZoacetate, benZophenone, isothio 
cyanate, isocyanate, imidoester, ?uorobenZene, and biotin. 

[0113] FIG. 4 shoWs one example of a monolayer on a 
substrate 3 In this example, substrate 3 comprises glass. The 
monolayer is thiolreactive because it bears a maleimidyl 
functional group Y. 

[0114] FIG. 5 shoWs another example of a monolayer on 
a substrate 3 Which is silicon. In this case, hoWever, a 
thin?lm gold coating 5 covers the surface of the substrate 3. 
Also, in this embodiment, a titanium adhesion interlayer 6 is 
used to adhere the coating 5 to the substrate 3. This mono 
layer is aminoreactive because it bears an N-hydroxysuc 
cinimidyl functional group Y. 

[0115] In an alternative embodiment, the functional group 
Y of the array is selected from the group of simple functional 
moieties. Possible Y functional 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. 

[0116] 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 even just individual components of R can be attached 
to X through a suitable chemical reaction. Upon completion 
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of addition of the spacer R to the X moiety already immo 
biliZed on the surface, Y can be attached to the ends of the 
monolayer molecule through a suitable covalent linkage. 

[0117] Not all self-assembled monolayer molecules on a 
given patch need be identical to one another. Some patches 
may comprise mixed monolayers. For instance, the mono 
layer of an individual patch may optionally comprise at least 
tWo different molecules of the formula X-R-Y, as previously 
described. This second X-R-Y molecule may optionally 
immobiliZe the same protein as the ?rst. In addition, some of 
the monolayer molecules X-R-Y of a patch may have failed 
to attach any protein. 

[0118] As another alternative embodiment of the inven 
tion, a mixed, self-assembled monolayer of an individual 
patch on the array may comprise both molecules of the 
formula X-R-Y, as previously described, and molecules of 
the formula, X-R-V Where R is a spacer, X is a functional 
group that binds R to the surface, and V is a moiety Which 
is biocompatible With proteins and resistant to the non 
speci?c binding of proteins. For example, V may consist of 
a hydroxyl, saccharide, or oligo/polyethylene glycol moiety 
(EP Publication 780423). 

[0119] In still another embodiment of the invention, the 
array comprises at least one unreactive patch of organic 
thin?lm on the substrate or coating surface Which is devoid 
of any protein. For instance, the unreactive patch may 
optionally comprise a monolayer of molecules of the for 
mula X-R-V, Where R is a spacer, X is a functional group that 
binds R to the surface, and V is a moiety resistant to the 
non-speci?c binding of proteins. The unreactive patch may 
serve as a control patch or be useful in background binding 
measurements. 

[0120] Regardless of the nature of the monolayer mol 
ecules, in some arrays it may be desirable to provide 
crosslinking betWeen molecules of an individual patch’s 
monolayer. In general, crosslinking confers additional sta 
bility to the monolayer. Such methods are familiar to those 
skilled in the art (for instance, see Ulman, An Introduction 
to Ultrathin Organic Films: From Langmuir-Bloa'gett to 
Self-Assembly, Academic Press (1991)). 

[0121] After completion of formation of the monolayer on 
the patches, the protein may be attached to the monolayer 
via interaction With the Y-functional group. Y-functional 
groups Which fail to react With any proteins are preferably 
quenched prior to use of the array. 

[0122] (d) Af?nity Tags and ImmobiliZation of the pro 
teins. 

[0123] In a preferred embodiment, the protein-immobiliZ 
ing patches of the array further comprise an af?nity tag that 
enhances immobiliZation of the protein onto the organic 
thin?lm. The use of an af?nity tag on the protein of the array 
typically provides several advantages. An affinity tag can 
confer enhanced binding or reaction of the protein With the 
functionalities on the organic thin?lm, such as Y if the 
organic thin?lm is a an X-R-Y monolayer as previously 
described. This enhancement effect may be either kinetic or 
thermodynamic. The af?nity tag/thin?lm combination used 
in the patches of the array preferably alloWs for immobili 
Zation of the proteins in a manner Which does not require 
harsh reaction conditions that are adverse to protein stability 
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or function. In most embodiments, immobiliZation to the 
organic thin?lm in aqueous, biological buffers is ideal. 

[0124] An af?nity tag also preferably offers immobiliZa 
tion on the organic thin?lm that is speci?c to a designated 
site or location on the protein (site-speci?c immobiliZation). 
For this to occur, attachment of the af?nity tag to the protein 
must be site-speci?c. Site-speci?c immobiliZation helps 
ensure that the active site or binding site of the immobiliZed 
protein, such as the antigen-binding site of the antibody 
moiety, remains accessible to ligands in solution. Another 
advantage of immobiliZation through af?nity tags is that it 
alloWs for a common immobiliZation strategy to be used 
With multiple, different proteins. 

[0125] The affinity tag is optionally attached directly, 
either covalently or noncovalently, to the protein. In an 
alternative embodiment, hoWever, the af?nity tag is either 
covalently or noncovalently attached to an adaptor Which is 
either covalently or noncovalendy attached to the protein. 

[0126] In a preferred embodiment, the affinity tag com 
prises at least one amino acid. The af?nity tag may be a 
polypeptide comprising at least tWo amino acids Which is 
reactive With the functionalities of the organic thin?lm. 
Alternatively, the af?nity tag may be a single amino acid 
Which is reactive With the organic thin?lm. Examples of 
possible amino acids Which could be reactive With an 
organic thin?lm include cysteine, lysine, histidine, arginine, 
tyrosine, aspartic acid, glutamic acid, typtophan, serine, 
threonine, and glutamine. A polypeptide or amino acid 
af?nity tag is preferably expressed as a fusion protein With 
the immobiliZed protein of each patch. Amino acid affinity 
tags provide either a single amino acid or a series of amino 
acids that can interact With the functionality of the organic 
thin?lm, such as the Y-functional group of the self-as 
sembled monolayer molecules. Amino acid af?nity tags can 
be readily introduced into recombinant proteins to facilitate 
oriented immobiliZation by covalent binding to the Y-func 
tional group of a monolayer or to a functional group on an 
alternative organic thin?lm. 

[0127] The af?nity tag may optionally comprise a 
poly(amino acid) tag. A poly(amino acid) tag is a polypep 
tide that comprises from about 2 to about 100 residues of a 
single amino acid, optionally interrupted by residues of 
other amino acids. For instance, the af?nity tag may com 
prise a poly-cysteine, polylysine, 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. Accord 
ing 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 functionality on an organic 
thin?lm. 

[0128] The position of the amino acid tag can be at an 
amino-, or carboxy-terminus of the protein of a patch of the 
array, or anyWhere in-betWeen, as long as the active site or 
binding site of the protein remains in a position accessible 
for ligand interaction. Where compatible With the protein 
chosen, af?nity tags introduced for protein puri?cation are 
preferentially located at the C-terminus of the recombinant 
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protein to ensure that only full-length proteins are isolated 
during protein puri?cation. For instance, if intact antibodies 
are used on the arrays, then the attachment point of the 
af?nity tag on the antibody is preferably located at a C-ter 
minus of the effector (Fc) region of the antibody. If scFvs are 
used on the arrays, then the attachment point of the affinity 
tag is also preferably located at the C-terminus of the 
molecules. 

[0129] 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) (Noren et al., Science, 1989, 244:182-188; Ellman et 
al.,Methods Enzym, 1991, 202:301-336; Cload et al., Chem. 
Biol., 1996, 3:1033-1038). 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). 

[0130] In an alternative embodiment the af?nity tag can 
comprise an intact protein, such as, but not limited to, 
glutathione S-transferase, an antibody, avidin, or streptavi 
din. 

[0131] Other protein conjugation and immobiliZation 
techniques knoWn in the art may be adapted for the purpose 
of attaching af?nity tags to the protein. For instance, in an 
alternative embodiment of the array, the af?nity tag may be 
an organic bioconjugate Which is chemically coupled to the 
protein of interest. Biotin or antigens may be chemically 
cross linked to the protein. Alternatively, a chemical 
crosslinker may be used that attaches a simple functional 
moiety, such as a thiol or an amine to the surface of a protein 
to be immobiliZed on a patch on the array. Alternatively, 
protein synthesis or protein ligation techniques knoWn to 
those skilled in the art may be used to attach an af?nity tag 
to a protein. For instance, intein-mediated protein ligation 
may optionally be used to attach the affinity tag to the 
protein (Mathys, et al., Gene 23111-13, 1999; Evans, et al., 
Protein Science 7:2256-2264, 1998). 

[0132] In an alternative embodiment of the invention, the 
organic thin?lm of each of the patches comprises, at least in 
part, a lipid monolayer or bilayer, and the affinity tag 
comprises a membrane anchor. Optionally, the lipid mono 
layer or bilayer is immobiliZed on a self-assembled mono 
layer. 

[0133] FIG. 6 shoWs a detailed cross section of a patch on 
one embodiment of the invention array. In this embodiment, 
a protein 10 is immobiliZed on a monolayer 7 on a substrate 
3. An af?nity tag 8 connects the protein 10 to the monolayer 
7. The monolayer 7 is formed on a coating 5 Which is 
separated from the substrate 3 by an interlayer 6. 

[0134] In an alternative embodiment of the invention, no 
af?nity tag is used to immobiliZe the proteins onto the 
organic thin?lm. An amino acid or other moiety (such as a 
carbohydrate moiety) inherent to the protein itself may 
instead be used to tether the protein to the reactive group of 
the organic thin?lm. In preferred embodiments, the immo 
biliZation is site-speci?c With respect to the location of the 
site of immobiliZation on the protein. For instance, the 
sulfhydryl group on the C-terminal region of the heavy chain 
portion of a Fab‘ fragment generated by pepsin digestion of 
an antibody, folloWed by selective reduction of the disul?de 
betWeen monovalent Fab‘ fragments, may be used as the 

Aug. 15, 2002 

af?nity tag. Alternatively, a carbohydrate moiety on the Fc 
portion of an intact antibody can be oxidiZed under mild 
conditions to an aldehyde group suitable for immobiliZing 
the antibody on a monolayer via reaction With a hydraZide 
activated Y group on the monolayer. Examples of immobi 
liZation of proteins Without any affinity tag can be found in 
Wagner et al., Biophys. J., 70:2437-2441, 1996 and the 
speci?c examples, Examples 8-10, beloW. 

[0135] When the proteins of at least some of the different 
patches on the array are different from each other, different 
solutions, each containing a different, preferably, af?nity 
tagged protein, must be delivered to their individual patches. 
Solutions of proteins may be transferred to the appropriate 
patches via arrayers Which are Well-knoWn in the art and 
even commercially available. For instance, microcapillary 
based dispensing systems may be used. These dispensing 
systems are preferably automated and computer-aided. A 
description of and building instructions for an example of a 
microarrayer comprising an automated capillary system can 
be found on the internet at http://cmgm.stanford.edu/ 
pbroWn/array.html and http://cmgm.stanford.edu/pbroWn/ 
mguidelindex.html. The use of other microprinting tech 
niques for transferring solutions containing the proteins to 
the protein-reactive patches is also possible. Inkjet printer 
heads may also optionally be used for precise delivery of the 
proteins to the protein-reactive patches. Representative, 
non-limiting disclosures of techniques useful for depositing 
the proteins on the patches may be found, for example, in 
U.S. Pat. No. 5,731,152 (stamping apparatus), U.S. Pat. No. 
5,807,522 (capillary dispensing device), U.S. Pat. No. 5,837, 
860 (ink-jet printing technique, Hamilton 2200 robotic 
pipetting delivery system), and U.S. Pat. No. 5,843,767 
(ink-jet printing technique, Hamilton 2200 robotic pipetting 
delivery system), all incorporated by reference herein. 

[0136] (e) Adaptors. 

[0137] Another embodiment of the arrays of the present 
invention comprises an adaptor that links the af?nity tag to 
the immobiliZed protein. The additional spacing of the 
protein from the surface of the substrate (or coating) that is 
afforded by the use of an adaptor is particularly advanta 
geous since proteins are knoWn to be prone to surface 
inactivation. The adaptor may optionally afford some addi 
tional advantages as Well. For. instance, the adaptor may 
help facilitate the attachment of the protein to the af?nity tag. 
In another embodiment, the adaptor may help facilitate the 
use of a particular detection technique With the array. One of 
ordinary skill in the art Will be able to choose an adaptor 
Which is appropriate for a given af?nity tag. For instance, if 
the af?nity tag is streptavidin, then the adaptor could be a 
biotin molecule that is chemically conjugated to the protein 
Which is to be immobiliZed. 

[0138] In a preferred embodiment, the adaptor is a protein. 
In a preferred embodiment, the af?nity tag, adaptor, and 
protein to be immobiliZed together compose a fusion pro 
tein. Such a fusion protein may be readily expressed using 
standard recombinant DNA technology. Adaptors Which are 
proteins arm 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 Which is a protein can also be 
very useful in facilitating the preparative steps of protein 
puri?cation by af?nity binding prior to immobiliZation on 






















