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(57) ABSTRACT 

The invention features a method of introducing nucleic acid 
molecules into cells by (a) af?Xing a nucleic acid molecule 
containing mixture onto the surface of a an object, Wherein 

the nucleic acid molecule-containing mixture includes nucleic acid molecules to be introduced into cells and (ii) a 

carrier protein; and (b) contacting cells and the af?xed 
nucleic acid molecules under appropriate conditions for 
entry of the nucleic acid molecules into the cells, Whereby 
the nucleic acid molecules are introduced into the cells. 
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FIG. 3 HEK293T cells reverse transfected with pBABE EGFP 
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TRANSFECTION METHOD AND USES RELATED 
THERETO 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation of US. patent application 
Ser. No.09/817,003, ?led Mar. 22, 2001 (noW pending), 
Which is a continuation-in-part of US. patent application 
Ser. No. 09/664,297, ?led Sept. 18, 2000 (noW allowed), 
Which in turn claims the bene?t of US. Provisional Appli 
cation No. 60/193,580, ?led Mar. 30, 2000, and US. Pro 
visional Application No. 60/154,737, ?led Sept. 17, 1999 
(each of Which is noW abandoned). The entire teachings of 
each of the above-referenced applications are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Genome and expressed sequence tag (EST) 
projects are rapidly cataloging and cloning the genes of 
higher organisms, including humans. The emerging chal 
lenge is to uncover the functional roles of the genes and to 
quickly identify gene products With desired properties. The 
groWing collection of gene sequences and cloned cDNAs 
demands the development of systematic and high-through 
put approaches to characteriZing the gene products. The uses 
of DNA microarrays for transcriptional pro?ling and of 
yeast tWo-hybrid arrays for determining protein-protein 
interactions are recent examples of genomic approaches to 
the characteriZation of gene products (Schena, M. et al., 
Nature, 10:623 (2000)). Comparable strategies do not exist 
to analyZe the function, Within mammalian cells, of large 
sets of genes. Currently, in vivo gene analysis can be 
done—on a gene-by-gene scale—by transfecting cells With 
a DNA construct that directs the overexpression of the gene 
product or inhibits its expression or function. The effects on 
cellular physiology of altering the level of a gene product is 
then detected using a variety of functional assays. 

[0003] A variety of DNA transfection methods, such as 
calcium phosphate coprecipitation, electroporation and cat 
ionic liposome-mediated transfection (e.g., lipofection) can 
be used to introduce DNA into cells and are useful in 
studying gene regulation and function. Additional methods, 
particularly high throughput assays that can be used to 
screen large sets of DNAs to identify those encoding prod 
ucts With properties of interest, Would be useful to have 
available. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a strategy for high 
throughput analysis of gene function in cells. One aspect of 
the present invention provides methods and reagents for 
creating transfected cell microarrays that are suitable for 
rapidly screening large sets of nucleic acid constructs for 
those encoding desired products or for causing cellular 
phenotypes of interest is described. For instance, a spatially 
de?ned array of nucleic acids, such as expression vectors, is 
used to generate a spatially de?ned array of transfected cells. 
The cells can be screened for the ability of a transfected 
nucleic acid to confer a particular phenotype on the cell, and, 
by reference to the position of the cell(s) on the array, the 
identity of the nucleic acid can be determined. 

[0005] Accordingly, the present invention relates to a 
method, referred to as a reverse transfection method, in 
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Which a de?ned nucleic acid (a nucleic acid of knoWn 
sequence or source), also referred to as a nucleic acid of 
interest or a nucleic acid to be introduced into cells, is 
introduced into cells in de?ned areas of a laWn of eukaryotic 
cells, in Which it Will be expressed or Will itself have an 
effect on or interact With a cellular component or function. 
Any suitable nucleic acid such as an oligonucleotide, DNA 
and RNA can be used in the methods of the present inven 
tion. The particular embodiments of the invention are 
described in terms of DNA. HoWever, it is to be understood 
that any suitable nucleic acid is encompassed by the present 
invention. 

[0006] In one embodiment, the present invention relates to 
a method in Which de?ned DNA (DNA of knoWn sequence 
or source), also referred to as DNA of interest or DNA to be 
introduced into cells, is introduced into cells in de?ned areas 
of a laWn of eukaryotic cells, in Which it Will be expressed 
or Will itself have an effect on or interact With a cellular 

component or function. In the method, a mixture, de?ned 
beloW, comprising DNA of interest (such as cDNA or 
genomic DNA incorporated in an expression vector) and a 
carrier protein is deposited (e.g., spotted or placed in small 
de?ned areas) onto a surface (e.g., a slide or other ?at 
surface, such as the bottoms of Wells in a multi-Welled plate) 
in de?ned, discrete (distinct) locations and alloWed to dry, 
With the result that the DNA-containing mixture is af?xed to 
the surface in de?ned discrete locations. 

[0007] Such locations are referred to herein, for conve 
nience, as de?ned locations. The DNA-containing mixture 
can be deposited in as many discrete locations as desired. 
The resulting product is a surface bearing the DNA-con 
taining mixture in de?ned discrete locations; the identity of 
the DNA present in each of the discrete locations (spots) is 
knoWn/de?ned. Eukaryotic cells, such as mammalian cells 
(e.g., human,,monkey, canine, feline, bovine, or murine 
cells), bacterial, insect, or plant cells, are plated (placed) 
onto the surface bearing the DNA-containing mixture in 
suf?cient density and under appropriate conditions for intro 
duction/entry of the DNA into the eukaryotic cells and 
expression of the DNA or its interaction With cellular 
components. Preferably, the eukaryotic cells (in an appro 
priate medium) are plated on top of the dried DNA-contain 
ing spots at high density (e.g., 1><105/cm2) in order to 
increase the likelihood that reverse transfection Will occur. 
The DNA present in the DNA-containing mixture affixed to 
the surface enters eukaryotic cells (reverse transfection 
occurs) and is expressed in the resulting reverse transfected 
eukaryotic cells. 

[0008] In one embodiment of the method, referred to as a 
“gelatin-DN ” embodiment, the DNA-containing mixture, 
referred to herein as a gelatin-DNA mixture, comprises DNA 
(e.g., DNA in an expression vector) and gelatin, Which is 
present in an appropriate solvent, such as Water or double 
deioniZed Water. The mixture is spotted onto a surface, such 
as a slide, thus producing a surface bearing (having af?xed 
thereto) the gelatin-DNA mixture in de?ned locations. The 
resulting product is alloWed to dry suf?ciently that the 
spotted gelatin-DNA mixture is af?xed to the slide and the 
spots remain in the locations to Which they have become 
af?xed, under the conditions used for subsequent steps in the 
method. For example, a mixture of DNA in an expression 
vector and gelatin is spotted onto a slide, such as a glass slide 
coated With E poly-L-lysine (e. g., Sigma, Inc.), for example, 
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by hand or using a microarrayer. The DNA spots can be 
af?xed to the slide by, for example, subjecting the resulting 
product to drying at room temperature, at elevated tempera 
tures or in a vacuum-dessicator. The length of time neces 
sary for suf?cient drying to occur depends on several factors, 
such as the quantity of mixture placed on the surface and the 
temperature and humidity conditions used. 

[0009] The concentration of DNA present in the mixture 
Will be determined empirically for each use, but Will gen 
erally be in the range of from about 0.01 pig/pl to about 0.2 
pig/pl and, in speci?c embodiments, is from about 0.02 pig/pl 
to about 0.10 pig/pl. Alternatively, the concentration of DNA 
present in the mixture can be from about 0.01 pig/pl to about 
0.5 pig/pl, from about 0.01 pig/pl to about 0.4 pig/pl and from 
about 0.01 pig/pl to about 0.3 pig/pl. Similarly, the concen 
tration of gelatin, or another carrier macromolecule, can be 
determined empirically for each use, but Will generally be in 
the range of 0.01% to 0.5% and, in speci?c embodiments, is 
from about 0.05% to about 0.5%, from about 0.05% to about 
0.2% or from about 0.1% to about 0.2%. The ?nal concen 
tration of DNA in the mixture (e.g., DNA in gelatin) Will 
generally be from about 0.02 pig/pl to about 0.1 pig/pl and in 
a speci?c embodiment described herein, DNA is diluted in 
0.2% gelatin (gelatin in Water) to produce a ?nal concen 
tration of DNA equal to approximately 0.05 pig/pl. 

[0010] If the DNA used is present in a vector, the vector 
can be of any type, such as a plasmid or viral-based vector, 
into Which DNA of interest (DNA to be expressed in reverse 
transfected cells) can be introduced and expressed (after 
reverse transfection) in recipient cells. For example, a CMV 
driven expression vector can be used. Commercially avail 
able plasmid-based vectors, such as pEGFP (Clontech) or 
pcDNA3 (Invitrogen), or viral-based vectors can be used. In 
this embodiment, after drying of the spots containing the 
gelatin-DNA mixture, the surface bearing the spots is cov 
ered With an appropriate amount of a lipid-based transfec 
tion reagent and the resulting product is maintained (incu 
bated) under conditions appropriate for complex formation 
betWeen the DNA in the spots (in the gelatin-DNA mixture) 
and the lipid-based transfection reagent. In one embodiment, 
the resulting product is incubated for approximately 20 
minutes at 25° C. Subsequently, transfection reagent is 
removed, producing a surface bearing DNA (DNA in com 
plex With transfection reagent), and cells in an appropriate 
medium are plated onto the surface. The resulting product (a 
surface bearing DNA and plated cells) is maintained under 
conditions that result in entry of the DNA into plated cells. 

[0011] A second embodiment of the method is referred to 
as a “lipid-DNA” embodiment. In this embodiment, a DNA 
containing mixture (referred to herein as a lipid-DNA mix 
ture) Which comprises DNA (e.g., DNA in an expression 
vector); a carrier protein (e.g., gelatin); a sugar, such as 
sucrose; a buffer that facilitates DNA condensation and an 
appropriate lipid-based transfection reagent is spotted onto a 
surface, such as a slide, thus producing a surface bearing the 
lipid-DNA mixture in de?ned locations. The resulting prod 
uct is alloWed to dry suf?ciently that the spotted lipid-DNA 
mixture is af?xed to the slide and the spots remain in the 
locations to Which they have become af?xed, under the 
conditions used for subsequent steps in the method. For 
example, a lipid-DNA mixture is spotted onto a slide, such 
as a glass slide coated With E poly-L-lysine (e.g., Sigma, 
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Inc.), for example, by hand or using a microarrayer. The 
DNA spots can be affixed to the slide as described above for 
the gelatin-DNA method. 

[0012] The concentration of DNA present in the mixture 
Will be determined empirically for each use, but Will gen 
erally be in the range of 0.5 pig/pl to 1.0 pig/pl. A range of 
sucrose concentrations can be present in the mixture, such as 
from about 0.1 M to about 0.4 M. Similarly, a range of 
gelatin concentrations can be present in the mixture, such as 
from about 0.01% to about 0.05%. In this embodiment, the 
?nal concentration of DNA in the mixture Will vary and can 
be determined empirically. In speci?c embodiments, ?nal 
DNA concentrations range from about 0.1 pig/pl to about 2.0 
pig/pl. If a vector is used in this embodiment, it can be any 
vector, such as a plasmid, or viral-based vector, into Which 
DNA of interest (DNA to be expressed in reverse transfected 
cells) can be introduced and expressed (after reverse trans 
fection), such as those described for use in the gelatin-DNA 
embodiment. 

[0013] After drying is complete (has occurred to a suf? 
cient extent that the DNA remains af?xed to the surface 
under the conditions used in the subsequent steps of the 
method), eukaryotic cells into Which the DNA is to be 
reverse transfected are placed on top of the surfaces onto 
Which the DNA-containing mixture has been af?xed. 
Actively groWing cells are generally used and are plated, 
preferably at high density (such as 1><105/cm2), on top of the 
surface containing the af?xed DNA-containing mixture in an 
appropriate medium, such as Dulbecco’s Modi?ed Eagles 
Medium (DMEM) containing 10% heat-inactivated fetal 
serum (IFS) With L-glutamine and penicillin/streptomycin 
(pen/strep). Other media can be used and their components 
can be determined based on the type of cells to be trans 
fected. The resulting slides, Which contain the dried lipid 
DNA mixture and cells into Which the DNA is to be reverse 
transfected, are maintained under conditions appropriate for 
groWth of the cells and entry of DNA, such as an entry of an 
expression vector containing the DNA, into cells. In the 
present method, approximately one to tWo cell cycles are 
suf?cient for reverse transfection to occur, but this Will vary 
With the cell type and conditions used and the appropriate 
length of time for a speci?c combination can be determined 
empirically. After suf?cient time has elapsed, slides are 
assessed for reverse transfection (entry of DNA into cells) 
and expression of the encoded product or effect of the 
introduced DNA on reverse-transfected cells, using knoWn 
methods. This can be done, for example, by detecting 
immuno?uorescence or enZyme immunocytochemistry, 
autoradiography, in situ hybridiZation, or other means of 
detecting expression of the DNA or an effect of the encoded 
product or of the DNA itself on the cells into Which it is 
introduced. If immuno?uorescence is used to detect expres 
sion of an encoded protein, an antibody that binds the 
protein and is ?uorescently labeled is used (e.g., added to the 
slide under conditions suitable for binding of the antibody to 
the protein) and the location (spot or area of the surface) 
containing the protein is identi?ed by detecting ?uores 
cence. The presence of ?uorescence indicates that reverse 
transfection has occurred and the encoded protein has been 
expressed in the de?ned location(s) Which shoW ?uores 
cence. The presence of a signal, detected by the method 
used, on the slides indicates that reverse transfection of the 
DNA into cells and expression of the encoded product or an 
effect of the DNA in recipient cells has occurred in the 
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de?ned location(s) at Which the signal is detected. As 
described above, the identity of the DNA present at each of 
the de?ned locations is knoWn; thus, When expression 
occurs, the identity of the expressed protein is also knoWn. 

[0014] Thus, the present invention relates, in one embodi 
ment, to a method of expressing de?ned DNA, such as 
cDNA or genomic DNA, in de?ned locations or areas of a 
surface onto Which different DNAs, such as DNA in a vector, 
such as an expression vector, has been affixed, as described 
herein. Because each area of the surface has been covered/ 
spotted With DNA of knoWn composition, it is a simple 
matter to identify the expressed protein. In addition, the 
present method is useful to identify DNAs Whose expression 
alters (enhances or inhibits) a pathWay, such as a signaling 
pathWay in a cell or another property of a cell, such as its 
morphology or pattern of gene expression. The method is 
particularly useful, for example, as a high-throughput 
screening method, such as in a microarray format. It can be 
used in this format for identifying DNAs Whose expression 
changes the phosphorylation state or subcellular location of 
a protein of interest or the capacity of the cell to bind a 
reagent, such as a drug or hormone ligand. In a second 
embodiment, Which is also useful as a high-throughput 
screening method, DNA reverse transfected into cells has an 
effect on cells or interacts With a cellular component(s) 
Without being expressed, such as through hybridiZation to 
cellular nucleic acids or through antisense activity. 

[0015] Also the subject of this invention are arrays, 
including microarrays, of de?ned DNAs spotted onto 
(af?xed to) a surface and array: including microarrays of 
reverse transfected cells spotted to (affixed to) a surface by 
the method described herein. Such arrays can be produced 
by the gelatin-DNA embodiment or the lipid-DNA embodi 
ment of the present method. Arrays of this invention are 
surfaces, such as slides (e.g., glass or Z poly-L-lysine coated 
slides) or Wells, having af?xed thereto (bearing) in discrete, 
de?ned locations DNAs, such as cDNAs or genomic DNA, 
or cells containing DNA of interest introduced into the cells 
by the reverse transfection method described herein. 

[0016] Amethod of making arrays of the present invention 
is also the subject of this invention. The method comprises 
af?xing DNAs or reverse transfected cells onto a surface by 
the steps described herein for the gelatin-DNA embodiment 
or the lipid-DNA embodiment. 

[0017] A DNA array of the present invention comprises a 
surface having af?xed thereto, in discrete, de?ned locations, 
DNA of knoWn sequence or source by a method described 
herein. In one embodiment, DNA is af?xed to a surface, such 
as a slide, to produce an array (e.g., a macro-array or a 
micro-array) by spotting a gelatin-DNA mixture, as 
described herein, onto the surface in distinct, de?ned loca 
tions (e.g., by hand or by using an arrayer, such as a 
micro-arrayer) and alloWing the resulting surface bearing the 
gelatin-DNA mixture to dry suf?ciently that the spots remain 
af?xed to the surface under conditions in Which the arrays 
are used. In an alternative embodiment, DNA is affixed to a 
surface, such as a slide, to produce an array by spotting a 
lipid-DNA mixture, as described herein, onto the surface in 
distinct de?ned locations (e.g., by hand or by using an 
arrayer, such as a micro-arrayer) and alloWing the resulting 
surface bearing the lipid-DNA mixture to dry suf?ciently 
that the spots remain af?xed to the surface under the 
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conditions in Which the arrays are used. This results in 
production of a surface bearing (having af?xed thereto) 
DNA-containing spots. 

[0018] An array of reverse transfected cells can also be 
produced by either embodiment described herein. In the 
gelatin-DNA embodiment, the steps described above for 
producing DNA arrays are carried out and subsequently, the 
surface bearing the DNA-containing spots is covered With 
an appropriate amount of a lipid-based transfection reagent 
and the resulting product is maintained (incubated) under 
conditions appropriate for complex formation betWeen DNA 
in the spots and the reagent. After suf?cient time (e.g., about 
20 minutes at 25° C.) for complex formation to occur, 
transfection reagent is removed, producing a surface bearing 
DNA and cells in an appropriate medium are added. The 
resulting product (a surface bearing DNA and plated cells) 
is maintained under conditions that result in entry of DNA 
into plated cells, thus producing an array (a surface bearing 
an array) of reverse transfected cells that contain de?ned 
DNA and are in discrete, de?ned locations on the array. Such 
cell arrays are the subject of this invention. 

[0019] In the lipid-DNA embodiment, the steps described 
above for producing DNA arrays are carried out and sub 
sequently (after drying is suf?cient to af?x the DNA-con 
taining spots to the surface, such as a slide or Well bottom), 
cells are plated on top of the surface bearing the DNA 
containing spots and the resulting slides, Which contain the 
dried lipid-DNA mixture and cells to be reverse transfected, 
are maintained under conditions appropriate for groWth of 
the cells and entry of DNA into the cells, thus producing an 
array (a surface bearing an array) of reverse transfected cells 
that contain de?ned DNA and are in discrete, de?ned 
locations on the array. Such arrays are the subject of this 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic representation of one 
embodiment of the present method of reverse transfection, 
in Which cDNA (HA-GST, HA-FKBP12 or myc-FRB) in an 
expression vector (prkS) Was introduced into cells by the 
folloWing procedures: combining CDNA in an expression 
vector, a lipid-based transfection reagent and a carrier pro 
tein, to produce a mixture; spotting the mixture onto a glass 
slide; alloWing the spotted mixture to dry on the slide 
surface; plating human embryonic kidney (HEK 293T) cells 
into Which cDNA is to be introduced onto the slide; main 
taining the resulting slide under conditions appropriate for 
reverse transfection to occur; and detecting immuno?uores 
cence using a ?uorescently labeled antibody that binds HA 
but not myc, demonstrating the presence and location of 
expressed cDNA. 

[0021] FIG. 2 shoWs the results of reverse transfection of 
HEK293T cells With HA-GST, as demonstrated using anti 
HA immuno?uorescence. 

[0022] FIG. 3 shoWs the results of reverse transfection of 
HEK293T cells With pBABE EGFP, as demonstrated by 
detecting endogenous ?uorescence of EGFP. 

[0023] FIG. 4A is a schematic for making transfected cell 
microarrays using a Well-less transfection of plasmid DNAs 
in de?ned areas of a laWn of mammalian cells. Plasmid DNA 
dissolved in an aqueous gelatin solution is printed on a glass 
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slide using a robotic arrayer. The slide is dried and the 
printed array covered With a lipid transfection reagent. After 
removal of the lipid, the slide is placed in a culture dish and 
covered With cells in media. The transfected cell microarray 
forms in 1-2 days and is then ready for doWnstream assays. 
An alternative method in Which the lipid is added to the 
DNA/gelatin solution prior to printing is also described. 

[0024] FIG. 4B is a GFP-expressing microarray made 
from a slide printed in a 12x8 pattern With a GFP expression 
construct. 

[0025] FIG. 4C is a higher magni?cation image obtained 
With ?uorescence microscopy of the cell cluster boxed in 
FIG. 4B. Scale bar equals 100 pm. 

[0026] FIG. 4D is a graph of GFP cDNA (picograms) 
versus mean signal intensity :S.D. shoWing expression 
levels of clusters in a transfected cell microarray are pro 
portional, over a four-fold range, to the amount of plasmid 
DNAprinted on the slide. Arrays Were printed With elements 
containing the indicated amounts of the GFP construct. 
Amount of DNA assumes a one nanoliter printing volume. 
After transfection, the mean :S.D. of the ?uorescence 
intensities of the cell clusters Was determined. Arrays Were 
prepared as described in Example 3 except that the concen 
tration of the GFP expression plasmid Was varied from 
0.010-0050 pig/pl While the total DNA concentration Was 
kept constant at 0.050 pig/pl With empty vector (prkS). Cell 
clusters Were photographed and the signal intensity quanti 
tated With Image Quant (Fuji). The ?uorescent image is from 
a representative experiment. 

[0027] FIG. 4E is a scan image shoWing that by printing 
mixtures of tWo plasmids, cotransfection is possible With 
transfected cell microarrays. Arrays With elements contain 
ing expression constructs for HA-GST, GFP or both Were 
transfected and processed for anti-myc immuno?uores 
cence. For immuno?uorescence staining the cells Were ?xed 
as described in Example 3, permeabiliZed in 0.1% TRITON 
X-100 (polyoxyethylene(10) isooctylphenyl ether) in PBS 
for 15 minutes at room temperature and probed With primary 
and secondary antibodies as described. Primary antibodies 
Were used for 1 hour at room temperature at the folloWing 
concentrations: 1:500 anti-HA ascites (BaBCo), 2 pig/ml 
anti-myc 9E-10 (Calbiochem), 2 pig/ml anti-V5 (Invitrogen), 
or 10 pig/ml 4G10 anti-phosphotyrosine (Upstate Biotech 
nologies). The secondary antibody used Was Cy3 pig/ml 
labeled anti-mouse antibody (Jackson Immunoresearch) at 
3.1 pig/ml for 40 minutes at room temperature. Panels 
labeled Cy3 and GFP shoW location of clusters expressing 
HA-GST and GFP, respectively. Merged panel shoWs super 
imposition of Cy3 and GFP signals and yelloW color indi 
cates co-expression. Scale bar equals 100 pm. 

[0028] FIG. 4F is an enlarged vieW of boxed area of scan 
image from FIG. 4E. 

[0029] FIG. 5A is a laser scan shoWing detection of the 
receptor for FK506. Arrays With elements containing 
expression constructs for GFP, myc-FKBP12 or both Were 
printed and transfected With HEK293 cells. 5 nM dihydro 
FK506 [propyl-3H] (NEN) Was added to the culture media 
1 hour prior to ?xation and processing for immuno?uores 
cence and autoradiography. Slides Were process for anti-myc 
immuno?uorescence, scanned at 5 pm resolution and pho 
tographed using a ?uorescent microscope, and then exposed 
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to tritium sensitive ?lm (HYPERFILM, Amersham) for 4 
days. Autoradiographic emulsion Was performed as 
described by the manufacturer (Amersham). Laser scans 
shoW expression pattern of GFP and FKBP12 and superim 
position of both (merged). Film autoradiography detects 
binding of tritiated FK506 to the same array (autorad ?lm). 

[0030] FIG. 5B is a higher magni?cation image obtained 
by ?uorescent microscopy of an FKBP12-expressing cluster 
(FKBP12). Emulsion autoradiography detects, With cellular 
resolution, binding of tritiated FK506 to the same cluster 
(autorad emulsion). 
[0031] FIG. 5C is a scan shoWing detected components of 
tyrosine kinase signaling cascades. 192 VS-epitope-tagged 
cDNAs in expression vectors Were printed in tWo 8x12 
subgrids named array 1 and 2. For ease of determining the 
coordinates of cell clusters Within the arrays a border around 
each array Was printed With the GFP expression construct. 
After transfection, separate slides Were processed for anti 
VS or anti-phosphotyrosine immuno?uorescence and Cy3 
and GFP ?uorescence detected. Merged images of array 1 
shoW location of clusters expressing VS-tagged proteins (left 
panel) and having increased levels of phosphotyrosine (right 
panel). No DNA Was printed in coordinates F10-12. 

[0032] FIG. 5D shoW tWo examples of the morphological 
phenotypes detectable in the transfected cell microarrays 
described in FIG. 5C. Clusters shoWn are E8 and F7 from 
array 2. 

[0033] FIG. 6 shoWs a transfection array that has been 
transferred to a nitrocellulose ?lter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] 
[0035] The groWing collection of gene sequences and 
cloned cDNAs demands the development of systematic and 
high-throughput approaches to characteriZing the gene prod 
ucts. The uses of DNA microarrays for transcriptional pro 
?ling and of tWo-hybrid assays for determining protein 
protein interactions are recent examples of genomic 
approaches to the characteriZation of gene products. Com 
parable strategies have not previously existed to analyZe the 
function, particular Within mammalian cells, of large sets of 
genes. Currently, in vivo analysis can be done, on a gene 
by-gene scale, by expressing With cells a nucleic acid 
construct that directs the overexpression of a gene product or 
inhibits its synthesis or function. 

I. OvervieW 

[0036] The present invention relates to a microarray 
driven gene expression system for the functional analysis of 
many gene products in parallel. Cells are cultures on a solid 
surface printed in de?ned locations With different nucleic 
acid constructs Which can be taken up by the cells. The 
effects on cellular physiology by the product of the trans 
fection array can be detected. Rather than having to recover 
the transfected construct to ascertain its identity, the identity 
is determined by the position of the transfectant of interest 
on the array. The subject assay can be particular useful 
Where cell is the read-out used to identify a construct of 
interest. 

[0037] A microarray-based system Was developed to ana 
lyZe the function in cells of many genes in parallel. Cells are 
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cultured on a glass slide printed in de?ned locations With 
solutions containing different DNAs. Cells growing on the 
printed areas take up the DNA, creating spots of localiZed 
transfection Within a laWn of non-transfected cells. By 
printing sets of complementary DNAs (cDNAs) cloned in 
expression vectors, micorarrays Which comprise groups of 
live cells that express a de?ned cDNA at each location can 
be made. Transfected cell microarrays can be of broad utility 
for the high-throughput expression cloning of genes, par 
ticularly in areas such as signal transduction and drug 
discovery. For example, as shoWn herein, transfected cell 
microarrays can be used for the unambiguous identi?cation 
of the receptor for the immunosuppressant FK506 and 
components of tyrosine kinase pathWays. 

[0038] The present invention relates to a method of intro 
ducing de?ned DNAs into cells at speci?c discrete, de?ned 
locations on a surface by means of a reverse transfection 

method. That is, the present method makes use of DNAs, of 
knoWn sequence and/or source, affixed to a surface (DNA 
spots), such as a slide or Well bottom, and groWing cells that 
are plated onto the DNA spots and maintained under con 
ditions appropriate for entry of the DNAs into the cells. The 
siZe of the DNA spots and the quantity (density) of the DNA 
spots affixed to the surface can be adjusted depending on the 
conditions used in the methods. For example, the DNA spots 
can be from about 100 pm to about 200 pm in diameter and 
can be af?xed from about 200 pm to about 500 pm apart on 
the surface. The present method further includes identi?ca 
tion or detection of cells into Which DNA has been reverse 
transfected. In one embodiment, DNA introduced into cells 
is expressed in the cells, either by an expression vector 
containing the DNA or as a result of integration of reverse 
transfected DNA into host cell DNA, from Which it is 
expressed. In an alternative embodiment of the present 
method, DNA introduced into cells is not expressed, but 
affects cell components and/or function itself. For example, 
antisense DNA can be introduced into cells by this method 
and affect cell function. For example, a DNA fragment 
Which is anti-sense to an mRNA encoding a receptor for a 
drug can be introduced into cells via reverse transfection. 
The anti-sense DNA Will decrease the expression of the drug 
receptor protein, causing a decrease in drug binding to cells 
containing the anti-sense DNA. In the method, a mixture 
comprising DNA of interest (such as cDNA or genomic 
DNA incorporated in an expression vector) and a carrier 
protein is deposited (e.g., spotted or placed in small de?ned 
areas) onto a surface (e.g., a slide or other ?at surface, such 
as the bottoms of Wells in a multi-Welled plate) in de?ned, 
discrete (distinct) locations and alloWed to dry, With the 
result that the DNA-containing mixture is af?xed to the 
surface in de?ned discrete locations. 

[0039] Detection of effects on recipient cells (cells con 
taining DNA introduced by reverse transfection) can be 
carried out by a variety of knoWn techniques, such as 
immuno?uorescence, in Which a ?uorescently labeled anti 
body that binds a protein of interest (e.g., a protein thought 
to be encoded by a reverse transfected DNA or a protein 
Whose expression or function is altered through the action of 
the reverse transfected DNA) is used to determine if the 
protein is present in cells groWn on the DNA spots. 

[0040] The methods of this invention are useful to identify 
DNAs of interest (DNAs that are expressed in recipient cells 
or act upon or interact With recipient cell constituents or 
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function, such as DNAs that encode a protein Whose func 
tion is desired because of characteristics its expression gives 
cells in Which it is expressed). They can be used in a variety 
of formats, including macro-arrays and micro-arrays. They 
permit a DNA array to be converted into a protein or cell 
array, such as a protein or cell microarray. 

[0041] 
[0042] Before further description of the invention, certain 
terms employed in the speci?cation, examples and appended 
claims are, for convenience, collected here. 

II. De?nitions 

[0043] As used herein, the term “nucleic acid” refers to 
polynucleotides such as deoxyribonucleic acid (DNA), and, 
Where appropriate, ribonucleic acid (RNA). 

[0044] “Complementary DNA” or a “cDNA” as used 
herein includes recombinant genes synthesiZed by reverse 
transcription of mRNA and from Which intervening 
sequences (introns) have been removed. 

[0045] As used herein, the terms “heterologous nucleic 
acid” and “foreign nucleic acid” refer to a nucleic acid, e.g., 
DNA or RNA, that does not occur naturally as part of the 
genome in Which it is present or Which is found in a location 
or locations in the genome that differs from that in Which it 
occurs in nature. Heterologous DNA is not endogenous to 
the cell into Which it is introduced, but has been obtained 
from another cell. Examples of heterologous nucleic acid 
include, but are not limited to, DNA that encodes test 
polypeptides, receptors, reporter genes, transcriptional and 
translational regulatory sequences, selectable or traceable 
marker proteins, such as a protein that confers drug resis 
tance. Examples of heterologous RNA include, but are not 
limited to, anti-sense RNA sequences, riboZymes, and 
double-stranded RNA (for inducing sequence-speci?c RNA 
interference). 
[0046] As used herein, the terms “target nucleic acid” and 
“target sequence” refer to the component of a transfection 
array, e.g., the portion or portions of a nucleic acid being 
transfected into the host cells, Which is of interest With 
respect to its ability to confer a change in the phenotype of 
the host cells. In general, though not alWays, the target 
nucleic acid Will that portion(s) of the nucleic acid of the 
transfection array that is varied from one portion of the array 
to the next. The target nucleic acid can be a coding sequence 
for a protein, a “coding” sequence for an RNA molecule 
(e.g., Which is transcribed into an anti-sense RNA sequence, 
a riboZyme or double-stranded RNA), or a regulatory 
sequence (e.g., as part of a reporter construct), to name but 
a feW examples. 

[0047] The term “feature,” as it is used in describing a 
transfection array, refers to an area of a substrate having a 

homogenous collection of a target sequence (or sequences in 
the case of certain co-transfection embodiments). One fea 
ture is different than another feature if the target sequences 
of the different features have different nucleotide sequences. 

[0048] The term “loss-of-function,” as it refers to the 
effect of a target sequence, refers to those target sequences 
Which, When expressed in a host cell, inhibit expression of 
a gene or otherWise render the gene product thereof to have 
substantially reduced activity, or preferably no activity rela 
tive to one or more functions of the corresponding Wild-type 
gene product. 
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[0049] As used herein, a “desired phenotype” refers to a 
particular phenotype for that the user of the subject method 
seeks to have selectively conferred on the host cell line upon 
expression of a target sequence. 

[0050] As used herein, the term “vector” refers to a nucleic 
acid molecule capable of being transporting into and/or 
maintained Within a cell. Preferred vectors are those capable 
of autonomous replication. In the present speci?cation, 
“plasmid” and “vector” are used interchangeably as the 
plasmid is the most commonly used form of vector. 

[0051] As used herein, the term “operatively linked” refers 
to the functional relationship of a nucleic acid sequence With 
regulatory and effector nucleotide sequences, such as pro 
moters, enhancers, transcriptional and translational start and 
stop sites, and other signal sequences. For example, opera 
tive linkage of DNA to a promoter refers to the physical and 
functional relationship betWeen the DNA and the promoter 
such that the transcription of such DNA is initiated from the 
promoter by an RNA polymerase that speci?cally recog 
niZes, binds to, and transcribes the DNA. 

[0052] As used herein, the term “expression” refers to any 
number of steps comprising the process by Which poly 
nucleic acids are transcribed into RNA, and (optionally) 
translated into peptides, polypeptides, or proteins. If the 
polynucleic acid is derived from genomic DNA, expression 
may, if an appropriate eukaryotic host cell or organism is 
selected, include splicing of the RNA. 

[0053] As used herein, “recombinant cells” include any 
cells that have been modi?ed by the introduction of heter 
ologous nucleic acid. Control cells include cells that are 
substantially identical to the recombinant cells, but do not 
express one or more of the proteins encoded by the heter 
ologous nucleic acid. 

[0054] The terms “protein,”“polypeptide,” and “peptide” 
are used interchangeably herein. 

[0055] The terms “recombinant protein,”“heterologous 
protein,” and “exogenous protein” are used interchangeably 
throughout the speci?cation and refer to a polypeptide Which 
is produced by recombinant DNA techniques, Wherein gen 
erally, DNA encoding the polypeptide is inserted into a 
suitable expression vector Which is in turn used to transform 
a host cell to produce the heterologous protein. That is, the 
polypeptide is expressed from a heterologous nucleic acid. 

[0056] As used herein, “cell surface receptor” refers to 
molecules that occur on the surface of cells, interact With the 
extracellular environment, and transmit or transduce the 
information regarding the environment intracellularly in a 
manner that may modulate intracellular second messenger 
activities or transcription of speci?c promoters, resulting in 
transcription of speci?c genes. 

[0057] As used herein, “extracellular signals” include a 
molecule or a change in the environment that is transduced 
intracellularly via cell surface proteins that interact, directly 
or indirectly, With the signal. An extracellular signal or 
effector molecule includes any compound or substance that 
in some manner alters the activity of a cell surface protein. 
Examples of such signals include, but are not limited to, 
molecules such as acetylcholine, groWth factors and hor 
mones, lipids, sugars and nucleotides that bind to cell 
surface and/or intracellular receptors and ion channels and 
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modulate the activity of such receptors and channels. The 
term also includes as yet unidenti?ed substances that modu 
late the activity of a cellular receptor, and thereby in?uence 
intracellular functions. Such extracellular signals are poten 
tial pharmacological agents that may be used to treat speci?c 
diseases by modulating the activity of speci?c cell surface 
receptors. 

[0058] “Orphan receptors” is a designation given to a 
receptors for Which no speci?c natural ligand has been 
described and/or for Which no function has been determined. 

[0059] As used herein, a “reporter gene construct” is a 
nucleic acid that includes a “reporter gene” operatively 
linked to at least one transcriptional regulatory sequence. 
Transcription of the reporter gene is controlled by these 
sequences to Which they are linked. The activity of at least 
one or more of these control sequences is directly or 
indirectly regulated by the target receptor protein. Exem 
plary transcriptional control sequences are promoter 
sequences. A reporter gene is meant to include a promoter 
reporter gene construct Which is heterologously expressed in 
a cell. 

[0060] “Signal transduction” is the processing of physical 
or chemical signals from the cellular environment through 
the cell membrane, and may occur through one or more of 
several mechanisms, such as activation/inactivation of 
enZymes (such as proteases, or other enZymes Which may 
alter phosphorylation patterns or other post-translational 
modi?cations), activation of ion channels or intracellular ion 
stores, effector enZyme activation via guanine nucleotide 
binding protein intermediates, formation of inositol phos 
phate, activation or inactivation of adenylyl cyclase, direct 
activation (or inhibition) of a transcriptional factor and/or 
activation. 

[0061] The term “modulation of a signal transduction 
activity of a receptor protein” in its various grammatical 
forms, as used herein, designates induction and/or potentia 
tion, as Well as inhibition of one or more signal transduction 
pathWays doWnstream of a receptor. 

[0062] The term “autocrine cell,” as used herein, refers to 
a cell Which produces a substance Which can induce a 
phenotypic response Within the same cell as produces the 
substance. 

[0063] 
[0064] The target nucleic acid used in the transfection 
arrays of the present invention can be, for example, DNA, 
RNA or modi?ed or hybrid forms thereof. The target nucleic 
acid may be from any of a variety of sources, such as nucleic 
acid isolated from cells, or that Which is recombinantly 
produced or chemically synthesiZed. 

III. Transfection Arrays 

[0065] For example, the transfection array can include 
coding sequence from cDNAs or genomic DNA. In addition 
to native sequences, the coding sequences can include those 
Which have been mutated relative to the native sequence, 
e.g., a coding sequence that differs from a naturally occur 
ring sequence by deletion, substitution or addition of at least 
one residue. It can correspond to full length or partial 
sequences, can be antisense in orientation, or can represent 
a non-coding sequence. 

[0066] In other embodiments, all or a portion of the target 
nucleic acid sequence can be synthesiZed chemically. In 
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such a manner, random and semi-random sequence can be 
introduced into the target sequences, as Well as modi?ed 
forms of nucleotides and nucleotide linkages, such as the use 
of modi?ed backbones, methylated nucleotides and the like. 

[0067] The target nucleic acid sequences can be present as 
part of a larger vector, such as an expression vector (e.g., a 
plasmid or viral-based vector), but it need not be. The 
nucleic acid of the array can be introduced into cells in such 
a manner that at least the target sequence becomes integrated 
into the genomic DNA and is expressed, or the target 
sequence remains extrachromosomal (e.g., is maintained 
episomally). 
[0068] The nucleic acid for use in the transfection arrays 
of the present invention can be linear or circular, double 
stranded or single stranded, and can be of any siZe. In certain 
preferred embodiments, especially Where traditional expres 
sion vectors are used, the target sequence is from about 200 
nt to about 10 kb in siZe, more preferably from about 200 nt 
to about 5 kb, and even more preferably 200 nt to 2 kb. In 
such embodiments, the arrayed nucleic acid, e.g., Which 
includes the target sequence, can be from about 1 kb to about 
15 kb, and more preferably from about 5 kb to about 8 kb. 

[0069] In certain preferred embodiments, the transfection 
array is made up of a variegated library of expression 
vectors. Ligating a polynucleotide coding sequence or other 
transcribable sequences an expression vector can be carried 
out using standard procedures. Similar procedures, or modi 
?cations thereof, can be readily employed to prepare arrays 
of expression vectors in accord With the subject invention. 

[0070] In general, it Will be desirable that the vector be 
capable of replication in the host cell. It may be a DNA 
Which is integrated into the host genome, and thereafter is 
replicated as a part of the chromosomal DNA, or it may be 
DNA Which replicates autonomously, as in the case of a 
episomal plasmid. In the latter case, the vector Will include 
an origin of replication Which is functional in the host. In the 
case of an integrating vector, the vector may include 
sequences Which facilitate integration, e.g., sequences 
homologous to host sequences, or encoding integrases. The 
use of retroviral long terminal repeats (LTR) or adenoviral 
inverted terminal repeats (ITR) in the construct of the 
transfection array can, for example, facilitate the chromo 
somal integration of the construct. 

[0071] Appropriate cloning and expression vectors for use 
With bacterial, fungal, yeast, and mammalian cellular hosts 
are knoWn in the art, and are described in, for example, 
PoWels et al. (Cloning Vectors: A Laboratory Manual, 
Elsevier, NY, 1985). Such vectors may be readily adapted 
for use in the present invention. The expression vectors may 
comprise non-transcribed elements such as an origin of 
replication, a suitable promoter and enhancer linked to the 
gene to be expressed, and other 5‘ or 3‘ ?anking nontran 
scribed sequences, and 5 ‘ or 3‘ nontranslated sequences, such 
as necessary ribosome binding sites, a poly-adenylation site, 
splice donor and acceptor sites, and transcriptional termina 
tion sequences. 

[0072] Certain preferred mammalian expression vectors 
contain both prokaryotic sequences, to facilitate the propa 
gation of the vector in bacteria (such as in an ampli?cation 
step after recovery from the array), and one or more eukary 
otic transcription units for expressing the target sequence in 
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eukaryotic host cells. The pcDNAI/amp, pcDNAI/neo, pRc/ 
CMV, pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, 
pMSG, pSVT7, pko-neo and pHyg derived vectors are 
examples of mammalian expression vectors Which can be 
readily adapted for use in the subject method. Some of these 
vectors are modi?ed With sequences from bacterial plas 
mids, such as pBR322, to facilitate replication and drug 
resistance selection in both prokaryotic and eukaryotic cells. 
Alternatively, derivatives of viruses, such as the bovine 
papillomavirus (BPV-1), or Epstein-Barr virus (pHEBo, 
pREP-derived and p205) and the like, can be used to derive 
the subject arrays. The various methods employed in the 
preparation of the plasmids are Well knoWn in the art. For 
other suitable expression systems for both prokaryotic and 
eukaryotic cells, as Well as general recombinant procedures, 
see Molecular Cloning A Laboratory Manual, 2nd Ed., ed. 
by Sambrook, Fritsch and Maniatis (Cold Spring Harbor 
Laboratory Press: 1989) Chapters 16 and 17. 

[0073] Particularly preferred vectors contain regulatory 
elements that can be linked to the target sequence for 
transfection of mammalian cells, and include are cytome 
galovirus (CMV) promoter-based vectors such as pcDNAI 
(Invitrogen, San Diego, Calif.), MMTV promoter-based 
vectors such as pMAMNeo (Clontech, Palo Alto, Calif.) and 
pMSG (Pharmacia, PiscataWay, N.J.), and SV40 promoter 
based vectors such as pSVO (Clontech, Palo Alto, Calif.). 

[0074] A number of vectors exist for the expression of 
recombinant proteins in yeast, Where that is the host cell 
used in connection With the array. For instance, YEP24, 
YIP5, YEP51, YEP52, pYES2, and YRP17 are cloning and 
expression vehicles useful in the introduction of genetic 
constructs into S. cerevisiae (see, for example, Broach et al. 
(1983) in Experimental Manipulation of Gene Expression, 
ed. M. Inouye Academic Press, p. 83, incorporated by 
reference herein). These vectors can replicate in E. coli due 
the presence of the pBR322 ori, and in S. cerevisiae due to 
the replication determinant of the yeast 2 micron plasmid. 
Moreover, if yeast are used as a host cell, it Will be 
understood that the expression of a gene in a yeast cell 
requires a promoter Which is functional in yeast. Suitable 
promoters include the promoters for metallothionein, 
3-phosphoglycerate kinase (HitZeman et al., J. Biol. Chem. 
255, 2073 (1980) or other glycolytic enZymes (Hess et al., 
J. Adv. EnZyme Req. 7, 149 (1968); and Holland et al. 
Biochemistry 17, 4900 (1978)), such as enolase, glyceral 
dehyde-3-phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phospho-fructokinase, glucose-6-phosphate 
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, tri 
osephosphate isomerase, phospho-glucose isomerase, and 
glucokinase. 

[0075] In some instances, it may be desirable to derive the 
host cell using insect cells. In such embodiments, the 
transfection array can be derived from, for example, a 
baculovirus expression system. Examples of such baculovi 
rus expression systems include pVL-derived vectors (such 
as pVL1392, pVL1393 and pVL941), pAcUW-derived vec 
tors (such as pAcUW1), and pBlueBac-derived vectors 
(such as the [3-gal containing pBlueBac III). 

[0076] Where the source of target sequence for the array 
are naturally occurring, those sequences can be isolated from 
any cell or collection of cells. For instance, the target 
sequences can be isolated from the cells of either adult tissue 
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or organs or embryonic tissue or organs at any given 
developmental stage (including oocyte, blastocyte, etc.). 
The cells can be derived from healthy tissue or diseased 
tissue. In the case of a solid organ, the cell sample can be 
obtained by, e.g., biopsy. For blood, lymph and other bodily 
?uids, the cells can be isolated from the ?uid component, 
e.g., by ?ltration, af?nity puri?cation, centrifugation or any 
other technique knoWn in the art. The cells can be isolated 
to include a speci?c subset of phenotypes of cells from a 
given tissue, or can include be derived to include all or a 
substantial portion of cells representative of the tissue. For 
instance, the cells can be derived from an organ Where the 
cells are particularly of epithelial, mesenchymal or endot 
helial origin. Subsets of cells can be isolated, for eXample, 
by use of cell surface markers or careful sectioning of a 
tissue. 

[0077] In certain preferred embodiments, the target 
sequence are cDNA sequences derived from mRNA isolated 
from a cell or cells of interest. There are a variety of methods 
knoWn in the art for isolating RNA from a cellular source, 
any of Which may be used to practice the present method. 
The ChomcZynski method, e.g., isolation of total cellular 
RNAby the guanidine isothiocyanate (described in US. Pat. 
No. 4,843,155) used in conjunction With, for eXample, 
oligo-dT strepavidin beads, is an eXemplary mRNA isolation 
protocol. The RNA, as desirable, can be converted to cDNA 
by reverse transcriptase, e.g., poly(dT)-primered ?rst strand 
cDNA synthesis by reverse transcriptase, folloWed by sec 
ond strand synthesis (DNA pol I). 

[0078] Likewise, there are a Wide range of techniques for 
isolating genomic DNA Which are amenable for use in a 
variety of embodiments of the subject method. In preferred 
embodiments, it Will be desirable to isolate only a portion of 
the total genomic DNA on the basis of the chemical and/or 
physical state in Which it is present in a collection of cells. 
For instance, transcriptionally active and/or potentially 
active genes can be distinguished by several criteria from 
inactive sequences. In higher eukaryoties, gene activation is 
accompanied by an increased general sensitivity to endonu 
cleases like DNase I or micrococcal nuclease. This increased 
sensitivity probably re?ects both the partial decondensation 
of chromatin. In addition, gene activation usually causes a 
coreplication domain that extends much beyond the decon 
densation domain. Chromatin digestion by DNase I, for 
eXample, Will produce smaller digestion fragments from 
those areas of the genome Which have undergone decon 
densation relative to areas of condensed chromatin structure 

(Galas et al. (1987) Nucleic Acids Res. 5:3157), e.g., the 
smaller fragments Will be enriched for genomic sequences 
from genes in activated states. 

[0079] Likewise, changes in methylation status of a gene 
provides another mechanism by Which potential for expres 
sion can be altered, and may serve as a criteria for selecting 
certain genomic sequences as target nucleic acids. Thus, 
genomic DNA can be treated With methyl-sensitive restric 
tion enZymes (such as DpnI) in order to produce endonu 
clease fragments of genes dependent on the methylation 
state of the surrounding genomic sequences. 

[0080] In certain embodiments, the subject array can be 
made of a library of related, mutated sequences, such as a 
library of mutants of a particular protein, or libraries of 
potential promoter sequences, etc. There are a variety of 
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forms of mutagenesis that can be utiliZed to generate a 
combinatorial library. For eXample, homologs of protein of 
interest (both agonist and antagonist forms) can be generated 
and isolated from a library by screening using, for eXample, 
alanine scanning mutagenesis and the like (Ruf et al. (1994) 
Biochemistry 33:15 65-1572; Wang et al. (1994) J. Biol. 
Chem. 269:3095-3099; Balint et al. (1993) Gene 137:109 
118; Grodberg et al. (1993) Eur. J. Biochem. 218:597-601; 
Nagashima et al. (1993) J. Biol. Chem. 268:2888-2892; 
LoWinan et al. (1991) Biochemistry 30:10832-10838; and 
Cunningham et al. (1989) Science 244:1081-1085), by 
linker scanning mutagenesis (Gustin et al. (1993) Virology 
193:653-660; BroWn et al. (1992) Mol. Cell Biol. 12:2644 
2652; McKnight et al. (1982) Science 232:316); by satura 
tion mutagenesis (Meyers et al. (1986) Science 232:613); by 
PCR mutagenesis (Leung et al. (1989) Method Cell Mol 
Biol 1:11-19); or by random mutagenesis (Miller et al. 
(1992) A Short Course in Bacterial Genetics, CSHL Press, 
Cold Spring Harbor, NY; and Greener et al. (1994) Strat 
egies in Mol. Biol. 7:32-34). 

[0081] In another embodiment, the transfection array pro 
vides a library of small gene fragments as the target 
sequences, e.g., sequences Which may encode dominant 
acting synthetic genetic elements (SGEs), e.g., molecules 
that interfere With the function of genes from Which they are 
derived (antagonists) or that are dominant constitutively 
active fragments (agonists) of such genes. SGEs that can be 
identi?ed by the subject method include, but are not limited 
to, polypeptides, inhibitory antisense RNA molecules, 
riboZymes, nucleic acid decoys, and small peptides. 

[0082] The SGEs identi?ed by the present method may 
function to inhibit the function of an endogenous gene at the 
level of nucleic acids, e.g., by an antisense or decoy mecha 
nism, or by encoding a polypeptide that is inhibitory through 
a mechanism of interference at the protein level, e.g., a 
dominant negative fragment of the native protein. On the 
other hand, certain SGEs may function to potentiate (includ 
ing mimicking) the function of an endogenous gene by 
encoding a polypeptide Which retains at least a portion of the 
bioactivity of the corresponding endogenous gene, and may 
in particular instances be constitutively active. 

[0083] In one embodiment, the initial SGE library is 
generated from total cDNA, that may be further fragmented, 
and provided in the form of an eXpression library. Preferably, 
the inserts in the library Will range from about 100 bp to 
about 700 bp and more preferably, from about 200 bp to 
about 500 bp in siZe. 

[0084] For cDNA-derived libraries, the nucleic acid 
library can be a normaliZed library containing roughly equal 
numbers of clones corresponding to each gene expressed in 
the cell type from Which it Was made, Without regard for the 
level of eXpression of any gene. 

[0085] The initial SGE libraries can be generated to 
include both sense and antisense coding (and non-coding 
sequences) sequences. Transcription of the SGE sequence in 
the subtractive and target cells Will create antisense RNA 
that may inhibit transcription of the corresponding endog 
enous gene. Translation of appropriate protein coding 
sequences in the transcribed RNA can produce full-length 
and truncated forms of endogenous proteins, as Well as short 
peptides, the differential biological effects of that are 
assessed in the subtractive and target cells. US. Pat. No. 
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5,702,898 describes a method to normalize a cDNA library 
constructed in a vector capable of being converted to single 
stranded circles and capable of producing complementary 
nucleic acid molecules to the single-stranded circles com 
prising: (a) converting the CDNA library in single-stranded 
circles; (b) generating complementary nucleic acid mol 
ecules to the single-stranded circles; (c) hybridiZing the 
single-stranded circles converted in step (a) With comple 
mentary nucleic acid molecules of step (b) to produce partial 
duplexes to an appropriate Cot; (e) separating the unhybrid 
iZed single-stranded circles from the hybridiZed single 
stranded circles, thereby generating a normaliZed CDNA 
library. 

[0086] In certain embodiments, the SGE library can be a 
subtractive cDNA library. Many strategies have been used to 
create subtractive libraries, and can be readily adapted for 
use in the present method. One approach is based on the use 
of directionally cloned cDNA libraries as starting material 
(PalaZZolo and MeyeroWitZ, (1987) Gene 52:197; PalaZZolo 
et al. (1989) Neuron 3:527; PalaZZolo et al. (1990) Gene 
88:25). In this approach, cDNAs prepared from a ?rst source 
tissue or cell line are directionally inserted immediately 
doWnstream of a bacteriophage T7 promoter in the vector. 
Total library DNA is prepared and transcribed in vitro With 
T7 RNA polymerase to produce large amounts of RNA that 
correspond to the original mRNA from the ?rst source 
tissue. Sequences present in both the source tissue and 
another tissue or cells, such as normal tissue, are subtracted 
as follows. The in vitro transcribed RNA prepared from the 
?rst source is alloWed to hybridiZe With cDNA prepared 
from either native mRNA or library RNA from the second 
source tissue. The complementarity of the cDNA to the RNA 
makes it possible to remove common sequences as they 
anneal to each other, alloWing the subsequent isolation of 
unhybridiZed, presumably tissue-speci?c, cDNA. This 
approach is only possible using directional cDNA libraries, 
since any cDNA sequence in a non-directional library is as 
likely to be in the “sense” orientation as the “antisense” 
direction (sense and antisense are complementary to each 
other). A cDNA sequence unique to a tissue Would be 
completely removed during the hybridiZation procedure if 
both sense and antisense copies Were present. 

[0087] In one directional cloning strategy, Which can be 
used to generate an initial SGE library, a DNA sequence 
encoding a speci?c restriction endonuclease recognition site 
(usually 6-10 bases) is provided at the 5‘ end of an oligo(dT) 
primer. This relatively short recognition sequence does not 
affect the annealing of the 12-20 base oligo(dT) primer to the 
mRNA, so the cDNA second strand synthesiZed from the 
?rst strand template includes the neW recognition site added 
to the original 3‘ end of the coding sequence. After second 
strand cDNA synthesis, a blunt ended linker molecule con 
taining a second restriction site (or a partially double 
stranded linker adapter containing a protruding end compat 
ible With a second restriction site) is ligated to both ends of 
the cDNA. The site encoded by the linker is noW on both 
ends of the cDNA molecule, but only the 3‘ end of the cDNA 
has the site introduced by the modi?ed primer. FolloWing the 
linker ligation step, the product is digested With both restric 
tion enZymes (or, if a partially double stranded linker adapter 
Was ligated onto the cDNA, With only the enZyme that 
recogniZes the modi?ed primer sequence). A population of 
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cDNA molecules results Which all have one de?ned 
sequence on their 5‘ end and a different de?ned sequence on 
their 3‘ end. 

[0088] A related directional cloning strategy developed by 
Meissner et al. (1987) PNAS 8414171), requires no 
sequence-speci?c modi?ed primer. Meissner et al. describe 
a double stranded palindromic BamHI/HindIII directional 
linker having the sequence d(GCTTGGATCCAAGC), that 
is ligated to a population of oligo(dT)-primed cDNAs, 
folloWed by digestion of the ligation products With BamHI 
and HindIII. This palindromic linker, When annealed to 
double stranded form, includes an internal BamHI site 
(GGATCC) ?anked by 4 of the 6 bases that de?ne a HindIll 
site (AAGCTT). The missing bases needed to complete a 
HindIII site are d(AA) on the 5‘ end or d(TT) on the 3‘ end. 
Regardless of the sequence to Which this directional linker 
ligates, the internal BamHI site Will be present. HoWever, 
HindIII can only cut the linker if it ligates next to an 
d(AA):d(TT) dinucleotide base pair. In an oligo(dT)-primed 
strategy, a HindIII site is alWays generated at the 3‘ end of 
the cDNA after ligation to this directional linker. For cDNAs 
having the sequence d(TT) at their 5‘ ends (statistically 1 in 
16 molecules), linker addition Will also yield a HindIII site 
at the 5‘ end. HoWever, because the 5‘ ends of cDNA are 
heterogeneous due to the lack of processivity of reverse 
transcriptases, cDNA products from every gene segment 
Will be represented in the library. 

[0089] In other embodiments, the SGE library is generated 
from genomic DNA fragments. Preferably, the inserts in the 
library Will range from about 100 bp to about 700 bp and 
more preferably, from about 200 bp to about 500 bp in siZe. 
Such SGE libraries, in addition to encoding polypeptide and 
antisense molecules that may be functional SGEs in the test 
method, may also “encode” decoy molecules, e.g., nucleic 
acid sequences Which correspond to regulatory elements of 
a gene and Which can inhibit expression of the gene by 
sequestering, e.g., transcriptional factors, and thereby com 
peting for the necessary components to express the endog 
enous gene. 

[0090] In yet another embodiment, the SGE library is 
generated by randomly fragmenting a single gene to obtain 
a random fragment expression library derived exclusively 
from the gene of interest. As a practical matter, such a library 
Will contain a much greater variety of SGEs derived from the 
gene of interest than Will a random fragment library pre 
pared from total cDNA. Consequently, the likelihood of 
obtaining optimiZed SGEs, that have a differential activity 
according to the present method, from the single gene 
random fragment library is much higher. 

[0091] In one embodiment, puri?ed DNA corresponding 
to the gene or genome to be suppressed is ?rst randomly 
fragmented by enZymatic, chemical, or physical procedures. 
In a preferred embodiment, random fragments of DNA are 
produced by treating the DNA With a nuclease, such as 
DNase I. The random DNA fragments are incorporated as 
inserts in a SGE library. For general principles of DNase I 
partial digestion and library construction see Molecular 
Cloning, A Laboratory Manual, Sambrook et al., Eds., Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY. (1989). 
In certain embodiments the inserted fragment may be 
expressed as part of a fusion protein. In other embodiments 
the inserted fragment alone may be expressed. In another 
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embodiment, riboZyme-encoding sequences may be inserted 
directly adjacent to the insert to allow for selection of most 
ef?cient riboZyme-antisense clones. In still other embodi 
ments the gene suppression element library may be further 
modi?ed by random mutagenesis procedures knoWn in the 
art. The inserted fragments may be expressed from either a 
constitutive or an inducible promoter. 

[0092] In still another embodiment, the subject method is 
carried out With a library encoding a variegated population 
of small peptides, e.g., 4-25 amino acid residues in length. 
The library can be generated from coding sequences of total 
cDNA, or single genes, or can be random or semi-random in 
sequence. Small peptide fragments, corresponding to only a 
minute portion of a protein, can inhibit the function of that 
protein in vivo. 

[0093] In still other embodiments, the subject method is 
carried out With a transfection array Which, When the target 
sequence is transcribed in the host cell, gives rise to double 
stranded RNA, e.g., for use in identifying dsRNA constructs 
Which produce a particular phenotype by RNA interference. 

[0094] Libraries of coding sequences, Whether encoding 
random peptides or full length proteins, may be expressed in 
many Ways, including as portions of chimeric (fusion) 
proteins. In some instances it may be necessary to introduce 
an unstructured polypeptide linker region betWeen portions 
of a chimeric protein derived from different proteins. This 
linker can facilitate enhanced ?exibility of the chimeric 
protein alloWing each portion to fold correctly and retain 
appropriate biological activity in the host cell. The linker can 
be of natural origin, such as a sequence determined to exist 
in random coil betWeen tWo domains of a protein. Alterna 
tively, the linker can be of synthetic origin. For instance, the 
sequence (Gly4Ser)3 can be used as a synthetic unstructured 
linker. Linkers of this type are described in Huston et al. 
(1988) PNAS 85:4879; and US. Pat. Nos. 5,091,513 and 
5,258,498. Naturally occurring unstructured linkers of 
human origin are preferred as they reduce the risk of 
immunogenicity. 

[0095] Where secretion of, e.g., a peptide library is 
desired, the peptide library can be engineered for secretion 
by including a secretion signal sequence as part of a fusion 
protein With the peptide. 

[0096] In certain preferred embodiments, the transfection 
array provides, in a single array, e.g., preferably at least 10 
different sequences, more preferably at least 100, 1000 or 
even 10,000 different, discrete sequences. 

[0097] Preferably, target sequences are arrayed in an 
addressable fashion, such as roWs and columns Where the 
substrate is a planar surface. 

[0098] If each feature siZe is about 100 microns on a side, 
each chip can have about 10,000 target sequence addresses 
(features) in a one centimeter square (cm2) area. In certain 
preferred embodiments, the transfection array provides a 
density of at least 103 different features per square centime 
ter (103 sequences/cm2), and more preferably at least 104 
features/cm2, 105 features/cm2, or even at least 106 features/ 
cm2. Of course, loWer densities are contemplated, such as at 
least 100 features/cm2. 

[0099] In certain embodiments, the transfection array pro 
vides multiple different target sequences in each feature, 
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e.g., in order to promote co-transfection of the host cells 
With at least tWo different target sequences. Co-transfection 
refers to the simultaneous introduction of tWo or more 
plasmids or other DNA or nucleic acid constructs into the 
same cell. If the plasmids or nucleic acid constructs direct 
the expression of a gene product, such as a protein, RNA or 
other gene product, the cell Will then express both gene 
products at the same time. 

[0100] Co-transfections can be performed With transfected 
cell microarrays if the solution spotted on the surface Where 
reverse transfection occurs contains more than one plasmid 
or nucleic acid construct. Of course, the collection of 
different target sequences in one feature should be distinct 
from other features of the array. The co-transfection features 
can include, for example, 2-10 different target sequences per 
feature, 10-100 different target sequences per feature, or 
even more than 100 different target sequences per feature. 

[0101] The capacity to co-transfect cells in a transfected 
cell microarray has many important uses. These include but 
are not limited to the ability to: infer the expression of a gene 
product by detecting the expression of a co-transfected 
plasmid encoding a marker protein (e.g. GFP, luciferase, 
beta-galactosidase, or any protein to Which a speci?c anti 
body is available), express all the components of a multi 
subunit complex (eg the T-cell receptor) in the same cells, 
express all the components of a signal transduction pathWay 
(e.g. MAP kinase pathWay) in the same cells, and express all 
the components of a pathWay that synthesiZes a small 
molecule (e.g. polyketide synthetase). In addition, the capac 
ity to co-transfect alloWs the creation of microarrays With 
combinatorial combinations of co-expressed plasmids. This 
capacity is particularly useful for implementing mammalian 
tWo-hybrid assays in Which plasmids encoding bait and prey 
proteins are co-transfected into the same cells by spotting 
them in one feature of the microarray. 

[0102] The capacity to co-transfect is also useful When the 
goal is to promote differentiation of the transfected cells 
along a certain tissue lineage. For example, combination of 
genes can be expressed in a stem or early progenitor cells 
that Will force the differentiation of the cells into endothelial, 
liver, heart, pancreatic, lymphoid, islet, brain, lung, kidney 
or other cell types. In this fashion, arrays can be made With 
primary-like cells that can be used to examine interactions of 
protein or small molecules that are cell-type speci?c. 

[0103] Furthermore, combinations of cDNAs can be 
printed in different patterns on the surface on Which reverse 
transfection occurs. Patterns include, but are not limited to, 
bulls-eyes, squares, rectangles of varying heights and 
Widths, and lines of single cell thickness. By printing, in 
particular patterns, combinations of cDNAs that cause dif 
ferentiation of cells into different tissue types, this technol 
ogy can be used to obtain arrays With distinct cell types in 
distinct locations. This capacity can be useful When trying to 
create tissue-like structures on the array, such as blood 
capillaries and stromal structures, or When studying the 
response of one cell type to the protein secretions of another 
cell type. For example, a secreting cell type can be created 
in the center of a bulls-eye pattern and responder cell types 
of different tissues can be created on the edge of bulls-eye. 
The response of the responder cells to the secretions of the 
center cell can then be examined. 

[0104] Arrays containing mixtures of plasmids at each 
feature could be constructed, merely to illustrate, by mixing 
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plasmids before printing, printing in serial, printing With 
masks, or printing With patterned printheads. For example, 
plasmids could be mixed in a container before printing and 
printed as a homogenous mixture. Alternatively, plasmids 
could be printed on top of one another or close to one 
another. In this method, the exact composition of the mixture 
containing each plasmid could be modi?ed to control the 
sequencing and timing of their entry into a cell, e.g. sloWer 
or faster release mixtures. Masks With different patterns of 
holes or print heads With different con?gurations could also 
be used to print combinations of plasmids. For example, 
different enZymes involved in polyketide synthesis could be 
combined to generate different polyketides. 

[0105] The carrier for use in the methods of the present 
invention can be, for example, gelatin or an equivalent 
thereof. In certain embodiments, the carrier is a hydrogel, 
such as polycarboxylic acid, cellulosic polymer, polyvi 
nylpyrrolidone, maleic anhydride polymer, polyamide, poly 
vinyl alcohol, or polyethylene oxide. 

[0106] Any suitable surface Which can be used to af?x the 
nucleic acid containing mixture to its surface can be used. 
For example, the surface can be glass, plastics (such as 
polytetra?uoroethylene, polyvinylidenedi?uoride, polysty 
rene, polycarbonate, polypropylene), silicon, metal, (such as 
gold), membranes (such as nitrocellulose, methylcellulose, 
PTFE or cellulose), paper, biomaterials (such as protein, 
gelatin, agar), tissues (such as skin, endothelial tissue, bone, 
cartilage), minerals (such as hydroxylapatite, graphite). 
Additional compounds may be added to the base material of 
the surface to provide functionality. For example, scintillants 
can be added to a polystyrene substrate to alloW Scintillation 
Proximity Assays to be performed. The substrate may be a 
porous solid support or non-porous solid support. The sur 
face can have concave or convex regions, patterns of hydro 
phobic or hydrophilic regions, diffraction gratings, channels 
or other features. The scale of these features can range from 
the meter to the nanometer scale. For example, the scale can 
be on the micron scale for micro?uidics channels or other 
MEMS features or on the nanometer scale for nanotubes or 
buckyballs. The surface can be planar, planar With raised or 
sunken features, spherical (e.g. optically encoded beads), 
?bers (e.g. ?ber optic bundles), tubular (both interior or 
exterior), a 3-dimensional netWork (such as interlinking 
rods, tubes, spheres) or other shapes. The surface can be part 
of an integrated system. For instance, the surface can be the 
bottom of a microtitre dish, a culture dish, a culture chamber. 
Other components, such as lenses, gratings, and electrodes, 
can be integrated With the surface. In general, the material of 
the substrate and geometry of the array Will be selected 
based on criteria that it be useful for automation of array 
formation, culturing and/or detection of cellular phenotype. 

[0107] In still other embodiments, the solid support is a 
microsphere (bead), especially a FACS sortable bead. Pref 
erably, each bead is an individual feature, e.g., having a 
homogenous population of target sequences and distinct 
from most other beads in the mixture, and one or more tags 
Which can be used to the identify any given bead and 
therefore the target sequence it displays. The identity of any 
given target sequence that can induce a FACS-detectable 
change in cells that adhere to the beads can be readily 
determined from the tag(s) associate With the bead. For 
example, the tag can be an electrophoric tagging molecules 
that are used as a binary code (Ohlmeyer et al. (1993) PNAS 
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90:10922-10926). Exemplary tags are haloaromatic alkyl 
ethers that are detectable as their trimethylsilyl ethers at less 
than femtomolar levels by electron capture gas chromatog 
raphy (ECGC). Variations in the length of the alkyl chain, as 
Well as the nature and position of the aromatic halide 
substituents, permit the synthesis of at least 40 such tags, 
Which in principle can encode 24O (e.g., upWards of 1012) 
different molecules. A more versatile system has, hoWever, 
been developed that permits encoding of essentially any 
combinatorial library. Here, the compound Would be 
attached to the solid support via the photocleavable linker 
and the tag is attached through a catechol ether linker via 
carbene insertion into the bead matrix (Nestler et al. (1994) 
J. Org. Chem. 59:4723-4724). This orthogonal attachment 
strategy permits the FACS sorting of the cell/bead entities 
and subsequent decoding by ECGC after oxidative detach 
ment of the tag sets from isolated beads. In other embodi 
ments, the beads can be tagged With tWo or more ?uores 
cently active molecules, and the identity of the bead is 
de?ned by the ratio of the various ?uorophores. 

[0108] In still another embodiment, the transfection array 
can be disposed on the end of a ?ber optic system, such as 
a ?ber optic bundle. Each ?ber optic bundle contains thou 
sands to millions of individual ?bers depending on the 
diameter of the bundle. Changes in the phenotype of cells 
applied to the transfection array can be detected spectro 
metrically by conductance or transmittance of light over the 
spatially de?ned optic bundle. An optical ?ber is a clad 
plastic or glass tube Wherein the cladding is of a loWer index 
of refraction than the core of the tube. When a plurality of 
such tubes are combined, a ?ber optic bundle is produced. 
The choice of materials for the ?ber optic Will depend at 
least in part on the Wavelengths at Which the spectrometric 
analysis of the transfected cells is to be accomplished. 

[0109] In addition, the surface can be coated With, for 
example, a cationic moiety. The cationic moiety can be any 
positively charged species capable of electrostatically bind 
ing to negatively charged polynucleotides. Preferred cat 
ionic moieties for use in the carrier are polycations, such as 
polylysine (e.g., poly-L-lysine), polyarginine, polyornithine, 
spermine, basic proteins such as histones (Chen et al. (1994) 
FEBS Letters 338:167-169), avidin, protamines (see e.g., 
Wagner et al. (1990) PNAS 87: 3410-3414), modi?ed albu 
min (i.e., N-acylurea albumin) (see e.g., Huckett et al. 
(1990) Chemical Pharmacology 40: 253-263), and polyami 
doamine cascade polymers (see e.g., Haensler et al. (1993) 
Bioconjugate Chem. 41372-379). A preferred polycation is 
polylysine (e.g., ranging from 3,800 to 60,000 daltons). 
Alternatively, the surface itself can be positively charged 
(such as gamma amino propyl silane or other alkyl silanes). 

[0110] The surface can also be coated With molecules for 
additional functions. For instance, these molecules can be 
capture reagents such as antibodies, biotin, avidin, Ni-NTA 
to bind epitopes, avidin, biotinylted molecules, or 6-His 
tagged molecules. Alternatively, the molecules can be cul 
ture reagents such as extracellular matrix, fetal calf serum, 
collagen. 

[0111] The present invention also encompasses methods 
of making arrays Which comprise nucleic acid af?xed to a 
surface such that When cells are plated onto the surface 
bearing the arrayed nucleic acid, the nucleic acid can be 
introduced (is introducible) into the cells (i.e., the nucleic 



US 2003/0203486 A1 

acid can move from the surface into the cells). The present 
invention also encompasses a nucleic acid array comprising 
a surface having af?xed thereto, in discrete, de?ned loca 
tions, nucleic acid of knoWn sequence or source by a method 
described herein. 

[0112] In certain embodiments, once the microarrays of 
transfected cells have formed (i.e., cDNAs in the spots have 
entered cells and the cells have expressed the encoded gene 
products), the microarrays can be transferred onto a variety 
of surfaces. Surfaces can be ?exible or non-?exible and 
porous or non-porous. The surfaces can be ?at or patterned 
With concave or convex regions, patterns of hydrophobic or 
hydrophilic regions, diffraction gratings, channels or other 
features. The scale of these features can range from the 
meter to the nanometer scale. Examples of surfaces include, 
but are not limited to, glass, plastics (such as polytetra?uo 
roethylene, polyvinylidenedi?uoride, polystyrene, polycar 
bonate, polypropylene), silicon, metal, (such as gold), mem 
branes (such as nitrocellulose, methylcellulose, PTFE or 
cellulose, polyvinylidene ?uoride (PVDF)), paper, bioma 
terials (such as protein, gelatin, agar), tissues (such as skin, 
endothelial tissue, bone, cartilage), minerals (such as 
hydroxylapatite, graphite). Furthermore, many of these sur 
faces can be derivatiZed to provide additional functional 
ities. For example, scintillants can be added to a polystyrene 
substrate to alloW Scintillation Proximity Assays to be 
performed. In another example, nitrocellulose membranes 
can be covalently modi?ed With metal chelators that immo 
biliZe metals, such as nickel or cobalt, and alloW the selec 
tive binding of proteins carrying a speci?c amino acid 
sequence, such as a hexa-histidine tag (6x His). 

[0113] Transfers can be performed so that 1) the entire 
cellular material on the microarray is transferred (i.e. both 
the endogenous and recombinant materials made by the cells 
(RNA or protein)), or 2) so that only the recombinant 
material is transferred. The transfer of the microarray to 
another surface is accomplished by directly contacting the 
microarray to the other surface and alloWing the material to 
move to the neW surface under the in?uence of a force, such 
as capillary forces (commonly referred to as “blotting”), 
electric or magnetic ?elds, vacuum suction forces, or other 
forces. The material binds to the neW surface through an 
interaction mediated by hydrophobic, hydrophillic, Van der 
Waals, ionic or other forces, or through speci?c receptor 
ligand interactions (e.g. antibody-epitope interactions) or by 
becoming entangled in the molecular structure of the other 
surface. 

[0114] The ability to transfer cellular material from the 
microarrays to another surface has many important uses. 
These include, but are not limited to, the capacity to detect 
cellular phenotypes or protein properties using techniques 
normally performed on speci?c surfaces and the capacity to 
in parallel purify the recombinant gene products expressed 
in the microarray. Examples of techniques normally per 
formed on speci?c surfaces include Western blotting, far 
Western blotting, southWestern blotting, surface plasmon 
resonance (SPR), mass spectroscopy, and others. These 
techniques normally require the immobiliZation of native or 
denatured proteins on nitrocellulose, nylon, paper, polyvi 
nylidene ?uoride (PVDF), or gold or other metal surfaces or 
membranes. SouthWestern blotting is used to detect the 
interaction of a nucleic acid (such as DNA or RNA) With a 
protein. After transfer to an appropriate membrane, microar 
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rays of cells expressing a collection of DNA binding pro 
teins, such as transcription factors, could be used to identify 
binding proteins for genomic DNA sequence elements. 

[0115] The transfer of microarrays to other surfaces is also 
useful for the in parallel puri?cation of the recombinant 
proteins expressed on the microarray. In one embodiment of 
this approach, all the recombinant proteins expressed on the 
microarray contain an amino acid sequence that is a ligand 
for a speci?c protein or chemical reagent (eg an epitope 
recogniZed by a polyclonal or monoclonal antibody or a 
hexa-histidine tag recogniZed by a nickel af?nity matrix). 
Microarrays expressing these proteins are then transferred 
by direct contact to a surface that has been derivatiZed With 
the reagent that binds the ligand (eg a nitrocellulose 
membrane to Which an anti-epitope monoclonal antibody is 
bound or a nitrocellulose membrane derivatiZed With a metal 

chelator that alloWs the binding of nickel to its surface). 
After the material has bound to the neW surface, the surface 
is Washed With an appropriate buffer that does not disrupt the 
speci?c interaction but eliminates non-speci?c interactions 
With the surface. Non-speci?c interactions include but are 
not limited to the interactions of any cellular components 
that do not contain the speci?c ligand recogniZed by the 
surface to Which the microarray has been transferred. The 
microarray of recombinant proteins can then used to detect 
the interaction of other proteins or small molecules With the 
array. The binding of proteins or small molecules With the 
microarray can be detected With autoradiography, ?uores 
cence, mass spectroscopy, immuno?uorescence, or calorim 
etry. 

[0116] BeloW is a proof of concept example for the 
transfer to a nitrocelluloes membrane of a microarray of 
cells expressing epitope-tagged proteins and groWing on a 
glass slide. 

[0117] Microarrays are transferred onto nitrocellulose 
membranes and the proteins detected With standard Western 
blotting protocols. The ?gure is an example of an array of 
myc-tagged proteins detected via enhanced chemilumines 
cence using a standard anti-myc Western blotting protocol. 
The middle tWo roWs (horiZontally) are printed With half the 
amount of the expression construct as the top and bottom 
roWs. The signal Was detected With Kodak X-OMAT AR 
?lm and each spot is ~150 um in diameter. 

[0118] To illustrate, When the microarrays are ready to be 
processed (usually 1-2 days after transfection), forceps are 
used to lift the slide from the culture dish and quickly rinse 
it With PBS (phosphate buffered saline) in a Coplin Jar. After 
the rinse, excess PBS is removed from the slide by brie?y 
blotting its edge With an absorbent paper toWel. The slide is 
then placed With the cells facing up on a ?at surface, 
immobiliZed With tape and alloWed to dry for 2-3 minutes 
(this time can vary depending on hoW much PBS remains on 
the slide). A nitrocellulose membrane about tWo to three 
times the area of the slide (0.45 pm pure nitrocellulose 
membrane; cat. 162-0116, BioRad) is then very carefully 
place on the slide, in a similar manner as is done for 
traditional plaque lifts (i.e. center ?rst). At this time it is very 
important to not permit any horiZontal movement of the 
membrane or slide at this step. The membrane is kept on the 
slide for 1-3 minutes or until the PBS has Wetted the entire 
area of the membrane that covers the slide. It is important to 
not press doWn on or roll a pin over the membrane as this 


























