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(57) ABSTRACT 

Amethod of attaching unmodi?ed biopolymers, particularly, 
unmodi?ed polynucleotides, directly to a solid support is 
provided. The method includes the steps of (a) providing 
unmodi?ed biopolymers; (b) providing a solid support hav 
ing at least one surface comprising pendant acyl ?uoride 
functionalities; and (c) contacting the unmodi?ed biopoly 
mers With the solid support under a condition suf?cient for 
allowing the attachment of the biopolymers to the solid 
support. The unmodi?ed biopolymers may be nucleic acids, 
polypeptides, proteins, carbohydrates, lipids and analogues 
thereof The unmodi?ed polynucleotides may be DNA, RNA 
or synthesized oligonucleotides. The DNA may be single or 
double stranded. A device including a solid support and 
unmodi?ed biopolymers attached to the solid support by 
reaction With the pendant acyl ?uoride functionalities of the 
solid support is also provided. The methods and devices of 
the present invention may be used in performing hybridiza 
tion assays and immunoassays 
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IMMOBILIZATION OF UNMODIFIED 
BIOPOLYMERS TO ACYL FLUORIDE ACTIVATED 

SUBSTRATES 

BACKGROUND OF THE INVENTION 

[0001] 1. Area of the Art 

[0002] The invention relates generally to solid supports 
With immobilized biopolymers and speci?cally to solid 
supports With immobilized unmodi?ed biopolymers and 
methods of immobilizing unmodi?ed biopolymers to solid 
supports. 

[0003] 2. Description of the Prior Art 

[0004] Biopolymer synthesis and biopolymer analysis 
often require the attachment of biopolymers to solid sup 
ports For example, organic and inorganic materials have 
been utilized for the solid phase synthesis of peptides, 
oligonucleotides and small organic molecules The synthesis 
involves the stepWise addition of activated monomers such 
as amino acid derivatives or nucleotide derivatives to a 
groWins oligomeric chain attached at one end to a solid 
support. At the completion of the synthesis, the neWly 
synthesized biopolymers may be cleaved from the solid 
support and subsequently utilized in biochemical research or 
diagnostic applications or, alternatively, be utilized Without 
cleaving the biopolymers from the solid support. 

[0005] For biopolymer analysis, biopolymers may be 
attached to a solid support in several Ways. In blotting 
techniques, native biopolymers are ?rst captured onto a 
membrane and subsequently immobilized on the membrane 
by heat, radiation or chemical techniques. The immobilized 
biopolymers are then available for subsequent analyses such 
as those associated With southern blotting applications and 
reverse hybridization analytical techniques. 

[0006] Additionally, presynthesized or natural oligonucle 
otides have been immobilized by covalently attaching acti 
vated oligonucleotides to the solid support. Current meth 
odology for the covalent attachment of nucleic acids to solid 
supports (substrates) involves modi?cation of the DNA (or 
RNA). For example, oligonucleotides are usually deriva 
tized to a 5‘-amino terminus, making the DNA more reactive 
for covalent attachment to an activated surface. Other meth 
ods of attachment have employed reactions With terminal 
phosphate groups or sulfhydral groups With surface carbo 
diimide or other activation chemistries (see Lund et al. 
NucleicAcid Res. 16:10861-80, 1988; Bischoffet al,Analyt. 
Biochem. 164. 336-344, 1987). 

[0007] It is generally understood that reactive groups 
present Within native polynucleotides are Weak and therefore 
make for inefficient attachment. In addition, When native 
polynucleotides are exposed to highly reactive surface 
groups, excessive crosslinking may occur. This crosslink 
may prevent the attached nucleic acid from fully participat 
ing in hybridization. These conditions are most noticeable 
for short fragments of double-stranded DNA or oligonucle 
otides. Thus, oligonucleotides often have to be modi?ed, for 
example, derivatized to a 5‘-amino terminus, for an effective 
attachment. The 5‘ amino-linker alloWs selective binding of 
the amino-containing, DNA to silylated slides through a 
Schiff’s base reaction With aldehyde groups on the chip 
surface. The selectivity of amino-modi?ed versus natural, 
unmodi?ed DNA is about 10:1 for cDNAs and about 10, 
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100:1 for single-stranded 15-mers. DNA molecules of inter 
mediate lengths exhibit intermediate discrimination ratios. 
In addition, the 5‘ end attachment of the DNA to the chip via 
the amino group permits steric accessibility of the bound 
molecules during the hybridization reaction. Therefore, 
post-modi?cation has been perceived as obligatory for 
attachment of, e.g., oligonucleotide probes for creation of 
arrays. Such post-modi?cation processes require additional 
time-consuming steps at substantial costs. 

[0008] Therefore, it is desirable to develop a more effec 
tive method for attaching biopolymers, particularly unmodi 
?ed biopolymers to a solid support. It is particularly desir 
able to develop a method to directly attach unmodi?ed 
biopolymers, such as polynucleotides, to a solid support. 

SUMMARY OF THE INVENTION 

[0009] The present invention is based on the discovery 
that both short and long fragments of single-stranded or 
double-stranded DNA may be ef?ciently attached to acyl 
?uoride activated supports directly Without spacer arms and 
Without modifying the polynucleotide. It is also based on the 
discovery that other biopolymers, such as protein A, anti 
bodies, streptavidin, etc., may also be attached to a solid 
support Without modi?cations to the biopolymers 

[0010] Accordingly, one aspect of the present invention 
provides a method of attaching unmodi?ed biopolymers to 
a solid support. The method comprises the steps of: 

[0011] (a) providing unmodi?ed biopolymers; 

[0012] (b) providing a solid support having at least 
one surface comprising pendant acyl ?uoride func 
tionalities; and 

[0013] (c) contacting the unmodi?ed biopolymers 
With the solid support under a condition suf?cient for 
alloWing the attachment of the biopolymers to the 
solid support. 

[0014] According to embodiments of the present inven 
tion, the biopolymers may be nucleic, acids, polypeptides, 
proteins, carbohydrates, lipids and analogues thereof. In one 
embodiment of the present invention, the biopolymer is a 
polynucleotide, and the polynucleotide may be synthesized 
oligonucleotide, ampli?ed DNA, cDNA, single stranded 
DNA, double stranded DNA, PNA, RNA or mRNA. Also 
according to embodiments of the present invention, the solid 
support may be polymeric materials, glasses, ceramics, 
natural ?bers, silicons, metals and composites thereof. 

[0015] Another aspect of the present invention provides a 
method of analyzing a biopolymer target in a sample. The 
method comprises the steps of: 

[0016] (a) providing a solid support fabricated of a 
material having pendent acyl ?uoride groups on at 
least one surface; 

[0017] (b) providing an agent that can form a com 
plex With the biopolymer target, Wherein the agent 
comprises a second biopolymer; 

[0018] (c) contacting the solid support With either the 
agent or the biopolymer target under a condition that 
alloWs the attachment of either the unmodi?ed agent 
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or the unmodi?ed biopolymer to the solid support, 
wherein the agent and the biopolymer target are 
unmodi?ed; 

[0019] (d) contacting the solid support attached With 
the unmodi?ed agent With the biopolymer target, or 
contacting the solid support With the attached, 
unmodi?ed biopolymer target With the agent under a 
condition that alloWs the formation of a compleX 
comprising the agent and the biopolymer target; 

[0020] (e) detecting and determining the presence of 
the complex as a measurement for the presence or 
the amount of the biopolymer target contained in the 
sample. 

[0021] A further aspect of the present invention provides 
a device comprising a plurality of unmodi?ed biopolymer 
and a solid support. The solid support has at least one surface 
comprising pendant acyl ?uoride functionalities, and the 
biopolymer is attached to the solid support by reaction With 
the pendant acyl ?uoride functionalities. 

[0022] The present invention is Well-suited for use in 
creating polynucleotide arrays, such as genosensor arrays 
and other array-based systems such as differential gene 
expression micro-arrays. The polynucleotide arrays may be 
used for the evaluation or identi?cation of biological activ 
ity. The present invention may also be used in creating 
polynucleotide arrays for the purpose of polynucleotide 
sequencing. Further, the present invention may be used in 
hybridiZation assays and immunoassays. 

[0023] The present invention provides many advantages. 
It alloWs for the attachment of unmodi?ed biopolymers 
directly to a solid support. It thus simpli?es and further 
increases the versatility of a process for creating biopolymer 
arrays. 

[0024] There is both an economic advantage as Well as a 
technical advantage to this invention. First, costly produc 
tion of modi?ed biopolymers, such as amino-modi?ed 
DNA, may be avoided. Post-modi?cation processing of 
oligonucleotides is time-consuming and can substantially 
increase costs by as much as tWo-fold. Second, the task of 
making arrays is greatly simpli?ed, since post-modi?cation 
processes are no longer required. 

DESCRIPTION OF THE FIGURES 

[0025] The above-mentioned and other features of this 
invention and the manner of obtaining them Will become 
more apparent, and Will best be understood, by reference to 
the folloWing description, taken in conjunction With the 
accompanying draWings. These draWings depict only a 
typical embodiment of the invention and do not therefore 
limit its scope. They serve to add speci?city and detail, in 
Which: 

[0026] FIG. 1 a shoWs the hybridiZation results of labeled 
target cDNA from actin, G3PDH, p53 and TF With their 
corresponding solid-phase primers. FIG. 1B shoWs the 
hybridiZation results of labeled cDNA targets With their 
corresponding probe cDNA immobiliZed by the same pro 
cess. 

[0027] FIG. 2 shoWs an array pattern created by manual 
pipettor spotting. 
[0028] FIG. 3 shoWs the hybridiZation results of cDNA 
targets With manually spotted arrays of unmodi?ed oligo 
nucleotide primer pairs. 
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[0029] FIG. 4 shoWs the hybridiZation results of the 
biotinylated Fib target oligonucleotide With both amino 
modi?ed and unmodi?ed complementary probes of the 
array. 

[0030] FIG. 5 is an image analysis of the mean signal 
intensities for each probe spot Within the array. 

[0031] FIG. 6 shoWs Biomek HDRT printing of cDNA 
and BAPA markers onto acyl ?uoride activated polypropy 
lene ?lms. 

[0032] FIG. 7 shoWs the stability of polypropylene-based 
cDNA arrays. 

[0033] 
[0034] 
[0035] FIG. 10 shoWs the immobiliZation of Gt anti-biotin 
IgG antibody. 

FIG. 8 shoWs the immobiliZation of Protein A. 

FIG. 9 shoWs the immobiliZation of streptavidin. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] One aspect of the present invention provides a 
method of attaching unmodi?ed biopolymers to a solid 
support. The method includes the steps of: 

[0037] (a) providing unmodi?ed biopolymers; 
[0038] (b) providing a solid support having at least 

one surface comprising pendant acyl ?uoride func 
tionalities; and 

[0039] (c) contacting the unmodi?ed biopolymers 
With the solid support under a condition su?icient for 
alloWing the attachment of the biopolymers to the 
solid support. 

[0040] The term “biopolymer” as used herein refers to 
nucleic acids, polynucleotides, polypeptides, proteins, car 
bohydrates, lipids and analogues thereof. As used herein, 
“polynucleotide” refers to a polymer of deoXyribonucle 
otides or ribonucleotides, in the form of a separate fragment 
or as a component of a larger construction. “Polynucleotide” 
as used herein may be DNA, RNA, a DNA analog such as 
PNA (peptide nucleic acid), or a synthesiZed oligonucle 
otide. The DNA may be a single or double-strand DNA, or 
a DNA ampli?ed by PCR technique, The RNA may be a 
mRNA. The length of the polynucleotides may be 3 bp to 10 
kb. In accordance With one embodiment of the present 
invention, the length of a polynucleotide is in the range of 
about 50 bp to 10 Kb, preferably, 100 bp to 1.5 kb. In 
accordance With another embodiment of the present inven 
tion, the length of a synthesiZed oligonucleotide is in the 
range of about 3 to 100 nucleotides. In accordance With a 
further embodiment of the present invention, the length of 
the oligonucleotide is in the range of about 15 to 20 
nucleotides. 

[0041] As used herein, “polypeptide” refers to a polymer 
of amino acids, Wherein the ot-carboXyl group of one amino 
acid is joined to the ot-amino group of another amino acid by 
a peptide bond. A protein may comprise one or multiple 
polypeptides linked together by disul?ed bonds. EXamples 
of the protein include, but are not limited to, antibodies, 
antigens, ligands, receptors, etc. 

[0042] It is a discovery of the present invention that 
biopolymers of the present invention may be attached to a 
solid support Without any modi?cation to the biopolymers. 
For eXample, in accordance With one embodiment of the 
present invention, biopolymers such as, but not limited to, 
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polynucleotides, protein A, antibodies or streptavidin may 
be attached to a solid support Without any modi?cations to 
the biopolymers. 

[0043] For the purpose of the present invention, the solid 
support of the present invention may be any material capable 
of being derivatiZed to form acyl ?uoride functionalities on 
at least one surface of the solid support Examples of a solid 
support include, but are not limited to, polymeric materials, 
glasses, ceramics, natural ?bers, silicons, metals and com 
posites thereof. 

[0044] In accordance With one embodiment of the present 
invention, a solid support of the present invention may be 
fabricated of a polymeric material having at least one 
surface With pendant acyl ?uoride functionalities. The 
detailed description of the solid support and the methods of 
making the solid support are described in the pending US. 
application Ser. No. 08/797,222, entitled “Polymeric 
Reagents for ImmobiliZing Biopolymers,” the relevant con 
tent of Which is incorporated herein in its entirety by 
reference. 

[0045] Brie?y, polymeric materials suitable for fabricating 
solid supports can be any material capable of being deriva 
tiZed to form acyl ?uoride functionalities on at least one 
surface of the solid support. For eXample, polymeric mate 
rials With pendant carboXyl functionalities or polymeric 
materials capable of being modi?ed to support carboXyl 
groups can be reacted With suitable reagents to form acyl 
?uoride functionalities. In one embodiment of the present 
invention, solid supports are fabricated of ethylene acrylic 
acid copolymers, ethylene methacrylic acid copolymers, or 
derivatiZed polypropylene. Those skilled in the art Will 
recogniZe that polymeric materials capable of being deriva 
tiZed to support carboXyl groups Which in turn can be 
modi?ed to provide surface acid ?uoride functionalities 
include a Wide range of materials. For eXample, aminated 
polypropylene reacted With a cyclic anhydride, e.g., succinic 
anhydride, to provide carboXyl groups suitable for convert 
ing to acyl ?uoride is particularly useful. 

[0046] Additional suitable polymeric materials include 
methylmethacrylate or methylacrylate saponi?ed to eXpose 
a pendant carboXyl group: 

[0047] Methyl(meth)acrylate 

COOCH3 COOH 
saponify 

—CH;— C— CH;— —> —CH2— C—CH2— + 

R R 

HOCH3 

[0048] Still other polymeric materials easily derivatiZed to 
provide a reactive carboXyl group are hydrolyZed polyacry 
lonitrile or hydrolyZed polymethacrylonitrile: 

[0049] (Meth)acrylonitrile 

CEN 

acid or base 
— — — — +HO 

CH2 CH CH2 2 (hydrolysis) 
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-continued 
COOH 

[0050] In accordance With the present invention, suitable 
reagents for forming acyl ?uoride functionalities on at least 
one surface of the solid support broadly include carboXyl 
reactive ?uoridating reagents. A most preferred reagent is 
(diethylaminosulphur) tri?uoride (DAST) Which reacts With 
pendant carboXyl groups in the folloWing reaction: 

COOH 

COOH 

lDAST 

// + nEtZNSFO + HF 

[0051] Other reagents include cyanuric ?uoride: 

F 

//0 N/k N 3R—C + I pyridine 
—> 

OH \ 
F N F 

OH 

A 
3R—C + N IN 

F g A 
OH N OH 

[0052] and tetramethyl?uoroformadinium heXa?uoro 
phosphate: 

CH3 
\ 

0 CH3 N—CH3 

R—C// + \N + E, 
/ PFs' 

OH CH3 F 

Tetramethyl?uoroformadinium 
hexa?uorophosphate 
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-continued 
CH3 

\ 
0 CH3 N—CH3 

// + \N + 
R—C / PF6_ 

F CH3 OH 

[0053] In a most preferred embodiment of the present 
invention, ethylene acrylic acid copolymers or ethylene 
methacrylic acid copolymers formed into sheets having a 
thickness of about 0.5 mm are modi?ed on at least one 

surface by exposing the surface to about a 5% solution of 
DAST for a period of several hours. After stopping the 
reaction, using dichloromethane and acetonitrile Washes, the 
?lm is ready for use in immobiliZing or synthesiZing 
biopolymers as described beloW. Advantageously, it has 
been discovered that acyl ?uoride activated polymeric mate 
rials are surprisingly stable at ambient conditions and, When 
stored in a cool dry environment, have unlimited shelf lives. 

[0054] The solid supports of the present invention may 
also be prepared by methods comprising the steps of pro 
viding a solid support fabricated of ethylene acrylic acid 
copolymer or ethylene methacrylic acid copolymer and 
derivatiZing at least one surface of the solid support by 
reacting the surface With an activating agent. Suitable acti 
vating agents are reagents capable of reacting With the 
acrylic or methacrylic carboxyl group to form reactive 
pendant functional groups, e.g., active acyl functionalities. 

[0055] In accordance With another embodiment of the 
present invention, a solid support of the present invention 
may also be prepared by coating of an inert solid support 
With a polymeric material containing pendant acyl ?uoride 
functionalities. For example, poly-glutamic acid carboxyl 
groups may be converted to acyl ?uoride by a suitable 
?uorinating agent, such as DAST. The converted polymeric 
material may be used to coat a microtiter plate or other solid 
supports. 

[0056] Because the solid support of the present invention 
is particularly useful in the preparation of biopolymer arrays 
for the evaluation or identi?cation of biological activity, the 
solid support is preferably in the form of a device having at 
least one ?at planar surface. The siZe of the solid support can 
vary and depends upon the ?nal use of the immobiliZed 
biopolymers. Those skilled in the art Will appreciate that 
arrays of biopolymers immobiliZed on miniaturiZed solid 
supports have been under development for many years. 
These solid supports can be measured in terms of mm2 and 
can have numerous different immobiliZed biopolymers, each 
With different biopolymers attached to a different site spe 
ci?c location on the miniaturiZed solid support. Solid sup 
ports in the form of dip sticks are also Within the scope of 
the present invention. As knoWn in the art, dip sticks 
typically are rectangular in shape With each side measuring 
a feW centimeters. On the other hand, large biopolymers 
such as polynucleotide arrays, utiliZed for sequencing Whole 
genomes, may have dimensions measuring a meter or more. 

[0057] In order to accommodate a number of different 
testing techniques including specialiZed testing equipment, 
suitable solid supports can also be molded into any of a 
variety of shapes. For example, it may be advantageous to 
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mold a biopolymer array holder of the same polymeric 
material utiliZed to fabricate the solid support. In such a 
system the holder is the solid support and may be any shape, 
including one Which is easily handled by an automated 
diagnostic system in Which robotic arms move biopolymer 
arrays betWeen reaction stations and detection stations. 
Preferably, When such a holder is the solid support, it 
incorporates a planar or continuous surface suitable for 
attaching biopolymers. 

[0058] In accordance With one embodiment of the present 
invention, a solid support of the present invention may be 
made of a porous or non-porous material. In accordance With 
another embodiment of the present invention, a solid support 
of the present invention may be in a form of threads, sheets, 
?lms, gels, membranes, beads, plates and like structures. In 
accordance With a further embodiment of the present inven 
tion, a solid support may be fabricated from plastic in the 
form of a planar device having discrete isolated areas in the 
form of Wells, troughs, pedestals, hydrophobic or hydro 
philic patches, diecut adhesive reservoirs or laminated gas 
kets diecuts that form Wells or other physical barriers to ?uid 
?oW. Examples of such a solid support include, but are not 
limited to, a microplate or the like. 

[0059] The biopolymers of the present invention are 
attached to a solid support of the present invention by 
contacting the unmodi?ed biopolymers With the solid sup 
port under a condition suf?cient for alloWing the attachment 
of the biopolymers to the solid support. A condition is 
suf?cient if it alloWs the unmodi?ed biopolymers to react 
With acyl ?uoride of a solid support for covalently attaching 
the biopolymers to the solid support While not Wanting to be 
bound by the theory, it is believed that, under the conditions 
of the present invention, unmodi?ed biopolymers may be 
attached to a solid support by displacement of the ?uoride 
group contained in the solid support With a nucleophile of a 
biopolymer. 

[0060] In accordance With one embodiment of the present 
invention, the step of contacting the acyl ?uoride activated 
surface of the solid support under conditions Which cause 
unmodi?ed polynucleotides to react With acyl ?uoride is 
accomplished by exposing the solid support surface to the 
unmodi?ed polynucleotides in the presence of an aqueous 
buffer, preferably With a neutral or basic pH. Bringing the 
acyl ?uoride functionalities into contact With the unmodi?ed 
polynucleotides under neutral or basic pH conditions results 
in the attachment of the polynucleotides directly to the 
surface of the solid support. For the purpose of the present 
invention, a basic pH condition is a condition that has a pH 
greater than 8. Abasic pH condition is suf?cient if it alloWs 
the attachment of the polynucleotides to the solid support. In 
accordance With one embodiment of the present invention, 
the basic pH condition of the present invention has a pH of 
about 9 to 12. It should be understood that the basic pH 
condition may vary, depending on the method used. One 
skilled in the art can readily ascertain the basic pH condition 
of a particular attachment reaction in vieW of the disclosure 
of the present invention. 

[0061] A solid support of the present invention may be 
contacted by unmodi?ed biopolymers by methods that are 
knoWn in the art. For examples, the contacting step may be 
carried out by jet printing, solid or open capillary device 
contact printing, micro?uidic channel printing, silk screen 
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ing, and a technique using printing devices based upon 
electrochemical or electromagnetic forces. Alternatively, the 
contacting step may be carried out by spotting the unmodi 
?ed biopolymers to the solid support. 

[0062] For example, in one embodiment the solid support 
is exposed to unmodi?ed polynucleotides by manual spot 
ting. Examples of manual spotting include, but are not 
limited to, manual spotting With a pipettor or With a Biomek 
pin tool. In this case, the preferred aqueous base may be 
sodium bicarbonate-carbonate With a pH in the range of 9 to 
10. In another embodiment, the solid support is exposed to 
unmodi?ed polynucleotides by jet printing techniques. Ther 
mal inkjet printing techniques utiliZing commercially avail 
able jet printers and pieZoelectric microjet printing tech 
niques as described in US. Pat. No. 4,877,745 can be 
utiliZed to spot unmodi?ed polynucleotides to solid sup 
ports. In this case, the aqueous base may be a LiCl salt 
solution With a pH of about 10 to 12. 

[0063] It should be understood that the solid support of the 
present invention may be exposed to biopolymers by any 
methods as long as the biopolymers are put in contact With 
the solid support. It should also be understood that other 
aqueous buffer systems, Which are not explicitly described 
here, may also be used in the present invention as long as the 
buffer system provides a suf?cient condition that alloWs the 
attachment of biopolymers to the solid support once they are 
in contact With each other. 

[0064] In accordance With embodiments of the present 
invention, the concentration of unmodi?ed biopolymers 
contained in aqueous solutions may vary, depending on the 
type of molecule, the molecule siZe, the molecule structure, 
and other factors that may in?uence solubility of the mol 
ecules. For example, When the attached polymers are poly 
nucleotides, preferably they are in the range of 5 nM to 40 
:M. More preferably, they are in the range of 5 nm to 5 :M. 

[0065] In accordance With the present invention, it is 
preferable, subsequent to the attachment of biopolymers to 
solid supports, to “block” the nonreacted acyl ?uoride 
functionalities from further unWanted reactions. For the 
purpose of the present invention, the residual acyl ?uoride 
groups contained in the solid support may be blocked by any 
chemicals that can inactivate the remaining surface reactive 
groups. For example, unreacted acyl ?uoride functionalities 
may be reacted With ammonium hydroxide to form carboxa 
mide or With ethanol to form esters. Those skilled in the art 
Will recogniZe, hoWever, that a host of blocking reactions are 
possible. 
[0066] As mentioned above, many applications for utiliZ 
ing immobiliZed biopolymers require that biopolymers be 
immobiliZed at site speci?c locations on a solid support 
surface. In order to prepare ordered arrays of biopolymers, 
including grids and 1><n arrays of immobiliZed biopolymers 
With each biopolymer located at site speci?c locations, a 
preselected site on the surface of the activated polymeric 
material is exposed to a solution of the desired unmodi?ed 
biopolymers. In accordance With the present invention, this 
can be accomplished manually by applying an amount of 
unmodi?ed biopolymer solution to a preselected location on 
the solid support. Alternatively, thermal inkjet printing tech 
niques utiliZing commercially available jet printers and 
pieZoelectric microjet printing techniques as described in 
US. Pat. No. 4,877,745 can be utiliZed to spot selected solid 
support surface sites With selected unmodi?ed biopolyers. 
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[0067] In accordance With one embodiment of the present 
invention, at least 1 to about 1536 different unmodi?ed 
biopolymers may be attached to at least 1 to about 1536 
discrete isolated areas in a solid support of the present 
invention 

[0068] Attachment of unmodi?ed biopolymers to acyl 
?uoride activated solid supports is Well-suited for use in the 
construction of genosensors and other array-based systems 
such as differential gene expression micro-arrays. A solid 
support With attached unmodi?ed biopolymers of the present 
invention may also be used as a device for performing a 
ligand binding assay or for performing a hybridiZation assay 
by either reverse hybridiZation (probes attached) or southern 
blot (target attached). Such a device may also be used in an 
immunoassay. 
[0069] Accordingly, one aspect of the present invention 
provides a method for analyZing a biopolymer target in a 
sample. The method comprises the steps of: 

[0070] (a) providing a solid support fabricated of a 
material having pendant acyl ?uoride groups on at 
least one surface; 

[0071] (b) providing an agent that can form a com 
plex With the biopolymer target, Wherein the agent 
comprises a second biopolymer; 

[0072] (c) contacting the solid support With either the 
agent or the biopolymer target under a condition that 
alloWs the attachment of either the unmodi?ed agent 
or the unmodi?ed biopolymer to the solid support, 
Wherein the agent and the biopolymer target are 
unmodi?ed; 

[0073] (d) contacting the solid support attached With 
the unmodi?ed agent With the biopolymer target, or 
contacting the solid support With the attached, 
unmodi?ed biopolymer target With the agent under a 
condition that alloWs the formation of a complex 
comprising the agent and the biopolymer target; 

[0074] (e) detecting and determining the presence of 
the complex as a measurement for the presence or 
the amount of the biopolymer target contained in the 
sample. 

[0075] For the purpose of the present invention, either the 
target biopolymer or the agent for the target biopolymer may 
be bound to a solid support of the present invention. For 
examples, in southern blot or northern blot, target biopoly 
mers are ?rst bound to a solid support. Probes, preferably 
labeled, are used to contact the solid support to detect the 
existence of the target biopolymers. To the contrary, in 
ligand binding assays or affinity puri?cation assays, probes 
are preferably bound to a solid support ?rst. 

[0076] For the purpose of the present invention, an agent 
of the present invention comprises a biopolymer that can 
recogniZe the target biopolymer and bind to the target 
biopolymer. An agent may comprise a biopolymer selected 
from a group consisting of nucleic acids, polypeptides, 
proteins, carbohydrates, lipids and analogues thereof. For 
example, When the target biopolymer is a polynucleotide, 
the agent may comprise a polynucleotide that is complimen 
tary to the target polynucleotide. When the target biopoly 
mer is a receptor or a ligand, the agent may comprise a 
ligand or a receptor that respectively recogniZes the biopoly 
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mer and binds to the biopolymer. When the target biopoly 
mer is an antigen, the agent may comprise an antibody that 
recognizes the antigen, or vise versa. In addition, the target 
biopolymers may be labeled With a binding agent. In this 
case, the agent may comprise a binding agent that recognizes 
the labeled biopolymers. For example, a biopolymer of the 
present invention may be labeled With biotin. In this case, 
the agent may comprise streptavidin Which can bind to 
biotin of the target biopolymer. 

[0077] For the purpose of the present invention, a condi 
tion is suf?cient if the agent can bind to the target biopoly 
mer to form a complex. Such a condition may vary, depend 
ing on the type of molecules and the type of bindings. One 
skilled in the art can readily determine the suitable condi 
tions for binding in vieW of the teaching of the present 
invention. 

[0078] In accordance With embodiments of the present 
invention, both the target biopolymers or agents of the 
present invention may be labeled With a reporter molecule. 
Examples of reporter molecules include, but are not limited 
to, dyes, chemiluminescent compounds, enzymes, ?uores 
cent compounds, metal complexes, magnetic particles, 
biotin, haptens, radio frequency transmitters, and radiolu 
minescent compounds. One skilled in the art can readily 
determine the type of reporter molecule to be used once the 
type of target biopolymers is determined. 

[0079] Another aspect of the present invention also pro 
vides a device for performing hybridication assays, immu 
noassay or other assays. A device of the present invention 
comprises a plurality of unmodi?ed biopolymers and a solid 
support. The solid support has at least one surface compris 
ing pendant acyl ?uoride functionalities, and the biopolymer 
is attached to the solid support by reaction With the pendant 
acyl ?uoride functionalities. 

[0080] For the purpose of the present invention, the 
attached biopolymers may be the same or different. If the 
biopolymers are different, preferably they are located in 
discrete, isolated areas of the solid support to form arrays. 
For example, a solid support may be a microplate. Different 
biopolymers may be attached to different Wells of the 
microplate for forming arrays. In accordance With one 
embodiment of the present invention, at least 1 to 1536 
unmodi?ed biopolymers, such as probes, may be attached to 
at least 1 to 1536 Wells of a microplate. 

[0081] The solid support of the device, such as a micro 
plate, may be surface treated With acyl ?uoride functional 
ities, and then biopolymers may be attached to the solid 
support by reaction With the pendant acyl ?uoride function 
alities. Alteratively, biopolymers of the present invention 
may be printed onto the surface of a plastic disk containing 
pendant acyl ?uoride functionalities, and the disk is then 
inserted into the bottom of the microplate Well. 

[0082] The folloWing examples are intended to illustrate, 
but not to limit, the scope of the invention. While such 
examples are typical of those that might be used, other 
procedures knoWn to those skilled in the art may alterna 
tively be utilized. Indeed, those of ordinary skill in the art 
can readily envision and produce further embodiments, 
based on the teachings herein, Without undue experimenta 
tion. 
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EXAMPLE 1 

Hybridization of cDNA to Printed Arrays of 
Unmodi?ed Polynucleotides Printing of Primer 

Arrays 

[0083] Unmodi?ed oligonucleotide primers used for 
ampli?cation of actin, G3PDH, p53 and TNF alpha genes 
Were prepared by dilution into saturated LiCl, pH 12 stock 
solution at approximately saturated LiCl:Water (60:25 v/v). 
The resulting printing ink Was at a ?nal concentration of 10 
pM oligonucleotide. Using a BioDot Dispenser System, 
primers Were deposited by jetting 12.5 nL of each ink onto 
a molded piece (Biotip) of acyl ?uoride activated ethylene 
methacrylic acid copolymer (EMA) to form an array. The 
9x8 array consisted of 9 replicate spots for each 3‘ & 5‘ 
primer pair for the 4 genes (9><2><4=72 spots). FolloWing 
printing, the arrays Were dried overnight under vacuum and 
remaining surface reactive groups inactivated (blocked) for 
tWo hours in ethanol. The arrays Were rinsed brie?y With 
Water in preparation for use in hybridization. 

[0084] Printing of cDNA Probe Arrays 

[0085] In a similar manner, double-stranded DNA probes 
Were printed onto acyl ?uoride activated substrates. The 
cDNA Was ampli?ed by PCR of 1St strand DNA Without 
incorporation of biotin label. The cDNA PCR products 
(cDNA amplicons) Were puri?ed using gel ?ltration spin 
columns (Xtreme, Pierce Chemical) to remove primers, 
dNTPs, along With cofactors and Taq enzyme. The ampli 
cons Were eluted from the columns With deionized Water and 
prepared for printing by dilution into 1M LiCl, pH 12 to 
yield an ink of LICl:Water (1:1 v/v) at a ?nal cDNA 
concentration of 5 mM. The same spotting procedure Was 
used as described for primer printing, except in this case the 
array consisted of nine replicates of six genes (9><6 =54 
spots): actin cDNA, beta microglobulin cDNA, G3PDH 
cDNA, p53 cDNA, transferrin cDNA and TNF alpha cDNA. 
The droplet size dispensed Was approximately 16 =nL. 

[0086] Hybridization 
[0087] Biotips With cDNA arrays attached Were denatured 
for 15 minutes in 200 pL denaturant (0.15M NaCl, 0.5M 
NaOH), then rinsed in stringency buffer (2><SSC, 0.01% 
SDS, pH 7.0) just prior to hybridization. In the case of 
Primer Array Biotips, no denaturation step Was used. Biotin 
labeled PCR products of actin, G3PDH, p53 and TNF alpha 
derived from a 1St strand cDNA pool (liver) Were prepared 
for hybridization to the Primer Arrays or cDNA Arrays as 
folloWs: 10 pL PCR solution Was diluted With 10 pL Water 
and 50 pL denaturant added. The solution Was incubated for 
10 minutes at ambient temperature folloWed by the addition 
of 150 pL of neutralization buffer (0.3M Tris, pH 7.5, 
2.4><SSC, 0.02% SDS). After mixing, the solution Was 
placed in Well of a 24-well polypropylene cell culture plate 
and the Biotip immersed. Hybridization Was alloWed to 
proceed for 60 minutes at 25° C. for cDNAArrays of 60° C., 
60 minutes for Primer Arrays With shaking in a humidi?ed 
chamber. The Biotips Were then removed from the hybrid 
ization solution and placed in another Well containing 
2><SSC, 0.01% SDS for a stringency rinse (at the same 
temperature used for hybridization) for 10 minutes. Upon a 
?nal rinse in the above stringency buffer, the Biotip Was 
blotted to remove excess solution and placed in streptavidin 
alkaline phosphatase conjugate for 30 minutes at ambient 
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temperature. Following extensive rinsing in stringency 
buffer, the Biotip Was again blotted, then placed in ELF 
reagent (?uorescent substrate for alkaline phosphatase, 
Molecular Probes, Inc.) for signal development. The signal 
Was alloWed to develop for 30 minutes. FolloWing a brief 
Water rinse, the array signal Was read using a CCD camera 
system. 

[0088] Results 

[0089] As shoWn in FIG. 1a, labeled target cDNA from 
actin and G3PDH hybridized speci?cally to their corre 
sponding solid-phase primers, While cDNA from p53 
shoWed cross-hybridization to G3PDH primers. TNF alpha 
also cross-hybridized to 3‘ primers of actin and p53. These 
results are similar to those using labeled cDNA targets 
hybridized to probe cDNA immobilized by the same process 
(FIG. 1b) 

EXAMPLE 2 

Hybridization of cDNA Targets to Manually 
Spotted Arrays of Unmodi?ed Oligonucleotide 
Primer Pairs Manual Spotting of Primer Arrays 

[0090] Oligonucleotide primers for the ampli?cation of 
actin, p53 and TNF alpha genes Were prepared at the 
folloWing concentrations for spotting in 0 5M sodium bicar 
bonate buffer, pH 9: 

Primer ,uM (?nal conc.) 

Actin 3' 5.01 
Actin 5' 5.00 
P53 3' 3.73 
P53 5' 3.83 
TNF 3' 3.80 
TNF 5' 3.70 

[0091] Approximately 1 pL drop of each of these Were 
spotted onto an acyl ?uoride activated plastic support 
(EMA) using a manual pipettor creating an array similar to 
the pattern shoWn beloW in FIG. 2. 

[0092] After spotting, the arrays Were incubated at 25° C., 
1 hour in a humidi?ed chamber. They Were then removed 
from the chamber and alloWed to air-dry 25 minutes at 
ambient temperature, folloWed by an additional drying at 
30° C. for 10 minutes. The plastic supports Were then 
immersed in ethanol for 60 minutes to block residual reac 
tive surface groups, folloWed by a ?nal 10- minute soak in 
deionized Water. 

[0093] Hybridization 
[0094] Biotin-labeled PCR products of actin, p53 and TNF 
alpha derived from a 1St strand cDNA pool (liver) Were 
prepared for hybridization to the Primer Arrays as folloWs: 
10 ML PCR solution Was diluted With 10 pL Water and 30 pL 
denaturant added. The solution Was incubated for 10 minutes 
at ambient temperature folloWed by the addition of 150 pL 
of neutralization buffer. After mixing, the solution Was 
placed in a Well of a 24-well polypropylene cell culture plate 
and the Biotip immersed. Hybridization Was alloWed to 
proceed for 60 minutes at 60° C. With shaking in a humidi 
?ed chamber. The Biotip Was then removed from the hybrid 
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ization solution and placed in another Well containing 
2><SSC, 0.01% SDS for a stringency rinse at 60° C. for 10 
minutes. Upon a ?nal rinse in the above stringency buffer, 
the Biotip Was blotted to remove excess solution and placed 
in streptavidin-alkaline phosphatase conjugate for 30 min 
utes at ambient temperature. FolloWing extensive rinsing in 
stringency buffer, the Biotip Was again blotted, then placed 
in ELF reagent for signal development. The signal Was 
alloWed to develop for 30 minutes. FolloWing a brief Water 
rinse, the array signal Was read using a CCD camera system. 

[0095] Results 

[0096] FIG. 3 shoWs the results of the hybridization. The 
biotin-labeled cDNA targets hybridized speci?cally to their 
complementary immobilized primer probes. Actin and p53 
targets shoWed little cross-hybridization to non-complemen 
tary primer probes tethered to the surface. HoWever, TNF 
target exhibited signi?cant cross-hybridization, especially to 
the 3‘ primers. 

EXAMPLE 3 

Hybridization of Biotin-labeled Oligonucleotide 
Targets to Printed Arrays of Amino Modi?ed and 
Unmodi?ed Oligonucleotide Probes Printing of Fib 

Probe Arrays 

[0097] 5‘-amino modi?ed (Fib-a) and unmodi?ed oligo 
nucleotide (Fib) probes Were prepared by dilution into 
saturated LiCl, pH 12 to yield saturated LiCl:Water (60:25 
v/v) printing ink at ?nal concentrations from 10 pM to 40 
pM for Fib; and 10 pM for Fib-a. Using a BioDot Dispenser 
System, nine replicate spots of each probe solution Were 
deposited by jetting 16 nL of each ink onto a molded piece 
(Biotip) of acyl ?uoride activated EMA to form an array. 
FolloWing printing, the arrays Were dried overnight under 
vacuum and remaining surface reactive groups inactivated 
(quenched) for tWo hours in ethanol. The arrays Were brie?y 
rinsed With Water in preparation for use in hybridization. 

[0098] Fib Probe: 5‘-CGGCTGGACACGCTTCTG 
TAG-3‘ 

[0099] Fib-a Probe: 
CACGCTTCTGTAG-3’ 

[0100] Fib Target: 5‘ -Biotin-CTACAGAAGCGT 
GTCCAGCCG-3’ 

[0101] Hybridization 
[0102] Fib target (100 nM, ?nal conc.) Was prepared by 
mixing 20 pL of a 1 pM stock solution With 30 pL of 
denaturant. The target Was held under denaturing conditions 
for 10 minutes at ambient temperature folloWed by the 
addition of 150 pL of neutralization buffer. The Biotip Was 
immersed in the solution held in a Well of a 24-well 
polypropylene microtiter plate Which Was in turn placed in 
a humidi?ed chamber for 60 minutes at 25° C. FolloWing a 
10-minute rinse in 2><SSC, 0.01% SDS, pH 7.0 stringency 
buffer, the Biotip Was incubated for 30 minutes at ambient 
temperature in a steptavidin-alkaline phosphatase conjugate 
solution prepared in stringency buffer. The Biotip Was rinsed 
2>< With stringency buffer to remove unbound conjugate; and 
then immersed in ELF reagent for signal development for 30 
minutes. FolloWing a brief Water rinse, the Biotip array 
signal Was read using a CCD camera system. 
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[0103] Results 

[0104] FIG. 4 shows that the biotinylated Fib target oli 
gonucleotide hybridized to both amino-modi?ed and 
unmodi?ed complementary probes of the array. 

[0105] Image analysis of the mean signal intensities for 
each probe spot Within the array Was conducted for three 
separate Biotip arrays. FIG. 5 shoWs that amino-modi?ed 
probe and unmodi?ed probe hybridizations Were of approxi 
mately the same level When considering the range of values 
estimated from the standard deviation. 

EXAMPLE 4 

Preparation and Characteristics of cDNA Arrayed 
onto Acyl Fluoride Activated Polypropylene Films 

Activation of Polypropylene Films 

[0106] Polypropylene ?lm Was surface aminated by radio 
frequency plasma (US. Pat. No. 5,554,501) and amine 
functionalities converted to carboxyl groups by reaction 
With succinic anhydride. The acyl ?uoride activation Was 
accomplished using the DAST reagent as described previ 
ously in the copending US. patent application Ser. No. 
08/797,222. Acyl ?uoride activated polypropylene ?lm Was 
stored dry under argon at —20C. until needed. 

[0107] Printing of cDNA Arrays 

[0108] Unmodi?ed cDNA from pcr ampli?cation of 1St 
strand cDNA (liver tumor) Was puri?ed by gel ?ltration spin 
column (XTreme, Pierce Chemical) to remove primers, 
dNTPs, cofactors and Taq enzyme. The puri?ed cDNA Was 
eluted from the columns With Water, then diluted into 0.5M 
sodium bicarbonate buffer, pH 9 for coupling. A Biomek 
2000TM robotic system equipped With a 384-pin HDRT 
system Was used to print cDNA solutions onto the substrate. 
A set of BAPA markers, 5-(Biotinamido)pentylamine 
(Pierce Chemical), Were also printed at both ends of the ?lm, 
thereby ?anking the tethered cDNAs. BAPA, Which binds 
streptavidin-enzyme conjugate independently of hybridiza 
tion, serves as an internal control for assay robustness. 
FolloWing printing, the ?lms Were dried at 35C. for 15 
minutes and then immersed in ethanol for tWo hours to block 
residual surface reactive groups. The ?lms Were brie?y 
rinsed in deionized Water and alloWed to air dry. The 8 
cm><12 cm ?lm Was sectioned into 12 pieces With each strip 
containing tWo copies of a 3x3 replicate of each cDNA along 
With six copies of 3x3 replicates of the BAPA marker. The 
resulting cDNAArray ?lm strips Were stored dry at —20° C. 
or room temperature prior to hybridization. 

[0109] Hybridization 
[0110] For hybridization, each ?lm strip Was denatured for 
15 minutes in 150 pL of denaturant dispensed onto a glass 
microscope slide. FolloWing the denaturation step, the ?lm 
strips Were removed from the slide and brie?y rinsed in 
stringency buffer to remove residual denaturant. A mixture 
of biotin-labeled pcr products of actin, G3PDH and TNF 
alpha derived from a 1St strand cDNA pool (liver tumor) 
Were prepared for hybridization in a 15 mL polypropylene 
tube as folloWs: 15 pL of each cDNApcr solution Was mixed 
and then diluted With 180 ML Water. Then 337.5 pL of 
denaturant Was added. Denaturation Was alloWed to proceed 
for 10 minutes at ambient temperature folloWed by the 
addition of 1687.5 pL of neutralization buffer to the tube. A 
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150 pL aliquot Was transferred onto glass microscope slides 
and the ?lm arrays placed over the solution With the DNA 
side doWn. Hybridization Was alloWed to proceed for 60 
minutes at 60C. With shaking in a humidi?ed chamber. The 
?lm strips Were then removed from the hybridization solu 
tion, transferred to 50 mL polypropylene screW cap culture 
tubes and the ?lms ?rst rinsed brie?y, then immersed in 40 
mL of 2><SSC, 0.01% SDS buffer preheated to 60C. for a 
stringency rinse at 60C. for 10 minutes. Upon a ?nal rinse 
in the above stringency buffer, the ?lms Were blotted to 
remove excess solution and placed on glass microscope 
slides containing a solution of streptavidin-alkaline phos 
phatase conjugate for 30 minutes at ambient temperature. 
FolloWing extensive rinsing in stringency buffer, the ?lms 
Were again blotted, then placed in ELF reagent for signal 
development. The signal Was alloWed to develop for 30 
minutes. FolloWing a brief Water rinse, the array signal Was 
read using a CCD camera system. 

[0111] Results 

[0112] An array of cDNA and BAPA markers Was suc 
cessfully printed onto acyl activated polypropylene ?lms as 
determined by hybridization of a mixture of the correspond 
ing cDNAs (FIG. 6). FIG. 6 shoWs Biomek HDRT printing 
of cDNA and BAPA markers onto acyl ?uoride activated 
polypropylene ?lms (day 7 hybridization to 3 separate ?lm 
strips). Storage of ?lm arrays, either at ambient temperature 
or at —20° C., did not adversely affect hybridization over an 
approximate three-month period (FIG. 7). FIG. 7 shoWs the 
stability of polypropylene-based cDNA arrays. Signal inten 
sities Were normalized to the BAPA market intensities to 
account for differences in assay conditions over the extended 
period. All cDNA probes maintained hybridization ef? 
ciency under either temperature storage condition. The TNF 
signal Was consistently loWer than the BAPA marker signals, 
While the remaining cDNA hybridization signals remained 
approximately at the same intensity as the BAPA markers. 

EXAMPLE 5 

Protein Immobilizations 

[0113] Proteins, Buffers and Other Reagents 

[0114] 1. Biotinylated Alkaline Phosphatase: Pierce 
Immunopure® (lot #95120774) 

[0115] 2. Rabbit anti-goat IgG (H+L): Zymed Labo 
ratories, South San Francisco, Calif. (lot #2112098) 

[0116] 3. Goat anti-biotin IgG: Sigma Chemical Co. 
(lot #116H8842), af?nity isolated antibody; recon 
stituted to 1 mg/mL in PBS. 

[0117] 4. Protein A: Zymed Laboratories, South San 
Francisco, Calif. (lot #21212416); reconstituted 5 
mg in 2 mL deionized Water (2.5 mg/mL). 

[0118] 5. Streptavidin (from S. avidinii): Zymed 
Laboratories, South San Francisco, Calif. (lot 
#70536128); reconstituted 5 mg in 1 mL deionized 
Water (5 mg/mL). 

[0119] 6. Casein: Hammersten (lot #BDH44020) 

[0120] 7. Coupling buffer: 1M sodium carbonate, pH 
9 or 10 diluted to 0.8M With protein solution 
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[0121] 8. ELF® Reagent (ELF®-97 Endogenous 
Phosphatase Detection Kit): Molecular Probes, 
Eugene, Oreg. (lot #6771) 

[0122] 9. High salt buffer: 1.0M Tris, 1.5M NaCl, pH 
7.5 (Digene Neutralizing Buffer), Digene Diagnos 
tics, Beltsville, Md. (lot #0094MX95) 

[0123] 10. Quenching/Blocking buffer: 1 mg/mL 
casein, 50 mM Carbonate, 0.15M NaCl, pH 8.5 

[0124] 11. TBS: 50 nM Tris, 0.15M NaCl, pH 7 5 

[0125] Methods 

[0126] 
[0127] Proteins (Protein A, streptavidin, rabbit anti-goat 
IgG) Were diluted into 1M carbonate buffer, pH 9 or 10, to 
a concentration of 0.5-1.0 mg/mL. The protein solution Was 
applied to the surface of acyl ?uoride activated plastic 
Biotips in 0.5 pL drops. The tips Were incubated in a high 
humidity chamber at 25° C. for 1 hr. They Were then 
removed from the chamber and alloWed to air dry com 
pletely (~15 min) before being placed in the quenching/ 
blocking solution. The tips Were quenched by placing in 1.0 
mL solution in a 24-well plate and vortexing vigorously for 
a minimum of 30 min. After quenching, the tips Were rinsed 
With deioniZed Water for 10 min With shaking and air dried. 

[0128] Detection of Alkaline Phosphatase With ELF 
Reagent 

ImmobiliZation of Proteins on Biotins 

[0129] For each tip, 50 ML ELF reagent is prepared accord 
ing to the Molecular Probes procedure (i.e. 19 parts Reagent 
B plus 1 part Reagent A) and applied to the surface of the 
tips. The tips With ELF reagent Were incubated for 30 min 
in a box partially ?lled With Water to maintain humidity. 
AfterWards, the tips are rinsed three times With deioniZed 
Water. The tips are photographed under UV light at 365 nm 
excitation With a 520 nm lens ?lter. Exposure time for the 
CCD camera Was typically 10 sec. 

[0130] Experimental Results 

[0131] 
[0132] Signal Development & Detection: 

[0133] Incubated Rb anti-Gt IgG, 1:100 in TBS for 1 hr, 
folloWed by Gt anti-biotin IgG in TBS for 1 hr, and then 
biotin-AP conjugate in 2><SSC, 0.01% SDS for 1 hr. Image 
developed With ELF. The immobiliZed Protein A Was dem 
onstrated to be functional in it’s capture of the rabbit (Rb) 
antibody in the above sandWich-based immunoassay. 

[0134] 
[0135] Prepared at 1 mg/mL in 0.8M carbonate, pH 9. 
Incubated for 1 hr at room temperature. Quenched for 45 
min on Vortexer With different blocking agents (at 1 
mg/mL). 
[0136] Signal Development & Detection: 

[0137] Incubated biotinylated alkaline phosphatase 
diluted 1:100 in 2><SSC, 0.01% SDS buffer for 1 hr. ELF 
reagent incubation for 30 min. at room temperature. Immo 
biliZed streptavidin Was demonstrated to be functional in the 
speci?c capture of a biotinylated enZyme under a variety of 
blocking conditions aimed at reducing non-speci?c binding. 
(FIG. 9) 

ImmobiliZation of Protein A on Biotips 

ImmobiliZation of streptavidin on Biotips 
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[0138] 
[0139] Gt anti-biotin IgG immobiliZed on Biotips in the 
folloWing: 

ImmobiliZation of Antibody on Biotips 

[0140] 1. 1.0 mg/mL in PBS, pH 7.2 incubated for 30 
min 

[0141] 2. 1.0 mg/mL in PBS, pH 7.2 incubated for 60 
min 

[0142] 3. 0.5 mg/mL in 0.8M carbonate, pH 10 
incubated for 30 min 

[0143] 4. 0.5 mg/mL in 0.8M carbonate, pH 10 
incubated for 60 min 

[0144] Signal Development & Detection: 

[0145] Incubation With biotin-alkaline phosphatase conju 
gated diluted 1:100 in high salt buffer for same time as 
antibody incubation. Development With ELF reagent for 30 
min. at room temperature. The antibody, goat anti-biotin 
IgG, Was successfully immobiliZed at both pH 7,2 and pH 
10, as demonstrated by speci?c capture of biotin labeled 
reporting enZyme (alkaline phosphatase) (FIG. 10). 
[0146] The foregoing is meant to illustrate, but not to 
limit, the scope of the invention. Indeed, those of ordinary 
skill in the art can readily envision and produce further 
embodiments, based on the teachings herein, Without undue 
experimentation. 

What is claimed is: 
1. A method of attaching unmodi?ed biopolymers to a 

solid support comprising the steps of: 

(a) providing unmodi?ed biopolymers; 

(b) providing a solid support having at least one surface 
comprising pendant acyl ?uoride functionalities; and 

(c) contacting the unmodi?ed biopolymers With the solid 
support under a condition suf?cient for alloWing the 
attachment of the biopolymers to the solid support. 

2. The method of claim 1, Wherein biopolymers are 
selected from a group consisting of nucleic acids, polypep 
tides, proteins, carbohydrates, lipids and analogues thereof. 

3. The method of claim 2, Wherein the biopolymers are 
selected from a group consisting of polynucleotides, protein 
A, antibodies or streptavidin. 

4. The method of claim 3, Wherein the biopolymer is a 
polynucleotide. 

5. The method of claim 4, Wherein the polynucleotide is 
selected from a group consisting of synthesiZed oligonucle 
otide, ampli?ed DNA, cDNA, single stranded DNA double 
stranded DNA, PNA, RNA or mRNA. 

6. The method of claim 4, Wherein the length of the 
polynucleotide is in the range of about 3 bp to 10 kb. 

7. The method of claim 6, Wherein the length of the 
polynucleotide is in the range of about 100 bp to 1.5 kb. 

8. The method of claim 5, Wherein the length of the 
oligonucleotide is in the range of about 3 to 100 oligonucle 
otide. 

9. The method of claim 8, Wherein the length of the 
oligonucleotide is in the range of about 15 to 20 oligonucle 
otide. 
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10. The method of claim 1, wherein the solid support is 
selected from a group consisting of polymeric materials, 
glasses, ceramics, natural ?bers, silicons, metals and com 
posites thereof. 

11. The method of claim 1, Wherein the solid support is a 
polymeric material selected from a group consisting of 
ethylene acylic acid, ethylene methacrylic acid, carboxy 
lated PVDF, carboxylated polypropylene or carboxylated 
polyethylene, and copolymers thereof. 

12. The method of claim 1, Wherein the step (b) further 
comprising a step of coating of an inert solid support With a 
polymeric material containing pendant acyl ?uoride func 
tionalities or capable of supporting pendant acyl ?uoride 
functionalities. 

13. The method of claim 1, Wherein the solid support is 
made of a porous or non-porous material. 

14. The method of claim 14, Wherein the solid support is 
in a form of threads, sheets, ?lms, gels, membranes, beads, 
plates and like structures. 

15. The method of claim 1, Wherein the solid support is 
fabricated from plastic in the form of a planar device having 
discrete isolated areas in the form of Wells, troughs, pedes 
tals, hydrophobic or hydrophilic patches, diecut adhesive 
reservoirs or other physical barriers to ?uid ?oW. 

16. The method of claim 15, Wherein the solid support is 
a microplate. 

17. The method of claim 15, Wherein the plastic is a 
polypropylene surface treated With acyl ?uoride functional 
ities. 

18. The method of claim 1, Wherein the contacting step is 
carried out by a technique selected from a group consisting 
of jet printing, solid or open capillary device contact print 
ing, micro?uidic channel printing, silk screening and a 
technique using printing devices based upon electrochemi 
cal or electromagnetic forces. 

19. The method of claim 18, Wherein the contacting step 
is carried out by spotting the unmodi?ed biopolymers to the 
solid support. 

20. The method of claim 1, Wherein the condition is a 
basic pH condition. 

21. The method of claim 20, Wherein the basic pH 
condition is maintained in a printing medium at pH of about 
8 to 12. 

22. The method of claim 21, Wherein the printing medium 
contains a salt. 

23. The method of claim 22, Wherein the salt is LiCl. 
24. The method of claim 21, Wherein the printing medium 

comprises a sodium bicarbonate-carbonate buffer. 

25. The method of claim 20, Wherein the basic pH 
condition has a pH of 9-12. 

26. The method of claim 1, Wherein the biopolymers are 
polynucleotides, and the polynucleotides are spotted on the 
solid support under a pH condition of 9-10. 

27. The method of claim 1, Wherein the biopolymers are 
polynucleotides, and the polynucleotides are jet printed on 
the solid support under a pH condition of 10-12. 

28. Amethod of analyZing a biopolymer target in a sample 
comprising the steps of: 

(a) providing a solid support fabricated of a material 
having pendent acyl ?uoride groups on at least one 
surface; 
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(b) providing an agent that can form a complex With the 
biopolymer target, Wherein the agent comprises a sec 
ond biopolymer; 

(c) contacting the solid support With either the agent or the 
biopolymer target under a condition that alloWs the 
attachment of either the unmodi?ed agent or the 
unmodi?ed biopolymer to the solid support, Wherein 
the agent and the biopolymer target are unmodi?ed; 

(d) contacting the solid support attached With the unmodi 
?ed agent With the biopolymer target, or contacting the 
solid support With the attached, unmodi?ed biopolymer 
target With the agent under a condition that alloWs the 
formation of a complex comprising the agent and the 
biopolymer target; 

(e) detecting and determining the presence of the complex 
as a measurement for the presence or the amount of the 
biopolymer target contained in the sample. 

29. The method of claim 28, Wherein in step (c) the agent 
is attached to the surface of the solid support, and in step (d) 
the solid support With the attached, unmodi?ed agent is 
contacted With the biopolymer target under a condition that 
alloWs the formation of a complex comprising the agent and 
the biopolymer target. 

30. The method of claim 28, Wherein in step (c) the 
biopolymer target is attached to the surface of the solid 
support, and in step (d) the solid support With the attached, 
unmodi?ed biopolymer target is contacted With the agent 
under a condition that alloWs the formation of a complex 
comprising the agent and the biopolymer target. 

31. The method of claim 28, Wherein the biopolymer 
target is selected from a group consisting of nucleic acids, 
polypeptides, proteins, carbohydrates, lipids and analogues 
thereof. 

32. The method of claim 28, Wherein the biopolymer 
target is selected from a group consisting of polynucleotides, 
protein A, antibodies or streptavidin. 

33. The method of claim 28, Wherein the agent comprises 
a biopolymer selected from a group consisting of nucleic 
acids, polypeptides, proteins, carbohydrates, lipid, and ana 
logues thereof. 

34. The method of claim 28, Wherein the agent comprises 
a biopolymer selected from a group consisting of polynucle 
otides, protein A, antibodies or streptavidin. 

35. The method of claim 28, Wherein the biopolymer 
target is a polynucleotide, and the agent comprises a poly 
nucleotide probe that is complimentary to the polynucle 
otide. 

36. The method of claim 35, Wherein the complex com 
prises the polynucleotide and the polynucleotide probe, and 
the complex is formed by hybridiZation of the polynucle 
otide probe to the polynucleotide. 

37. The method of claim 28, Wherein the biopolymer is a 
protein, and the agent comprises an antibody that recogniZes 
the protein. 

38. The method of claim 37, Wherein the complex com 
prises the protein and the antibody to the protein, and the 
complex is formed by binding of the antibody to the protein. 

39. The method of claim 28, Wherein the biopolymer is a 
ligand, and the agent comprises a receptor that can bind to 
the ligand. 

40. The method of claim 28, Wherein the biopolymer is a 
receptor, and the agent comprises a ligand that can bind to 
the receptor. 
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41. The method of claim 39 or 40, wherein the complex 
comprises the ligand and the protein, and the complex is 
formed by the binding of the ligand to the receptor. 

42. The method of claim 28, Wherein in step (c) the agent 
or the biopolymer target is covalently attached to the surface 
of the solid support. 

43. The method of claim 28, Wherein the complex further 
comprises a reporter molecule selected from the group 
consisting of dyes, chemiluminescent compounds, enZymes, 
?uorescent compounds, metal complexes, magnetic par 
ticles, biotin, haptens, radio frequency transmitters and 
radioluminescent compounds. 

44. The method of claim 28, Wherein the solid support is 
selected from a group consisting of polymeric materials, 
glasses, ceramics, natural ?bers, silicons, metals and com 
posites thereof. 

45. The method of claim 28, Wherein the solid support is 
a polymeric material selected from a group consisting of 
ethylene acylic acid, ethylene methacrylic acid, carboxy 
lated PVDF, carboxylated polypropylene or carboxylated 
polyethylene, and copolymers thereof. 

46. The method of claim 28, Wherein the step (a) further 
comprising a step of coating of an inert solid support With a 
polymeric material containing pendant acyl ?uoride func 
tionalities or capable of supporting pendant acyl ?uoride 
functionalities. 

47. The method of claim 28, Wherein the solid support is 
in a form of threads, sheets, ?lms, gels, membranes, beads, 
plates and like structures. 

48. The method of claim 28, Wherein the solid support is 
fabricated from plastic in the form of a planar device having 
discrete isolated areas in the form of Wells, troughs, pedes 
tals, hydrophobic or hydrophilic patches, diecut adhesive 
reservoirs or other physical barriers to ?uid ?oW. 

49. The method of claim 48, Wherein the solid support is 
a microplate. 

50. The method of claim 48, Wherein the plastic is a 
polypropylene surface treated With acyl ?uoride functional 
ities. 

51. The method of claim 28, Wherein the agent or the 
biopolymer target is printed onto the surface of a plastic disk 
containing pendant acyl ?uoride functionalities, and the disk 
is inserted into the bottom of the microplate Well to form the 
solid support attached With the unmodi?ed agent or unmodi 
?ed biopolymer target. 

52. The method of claim 48, Wherein the same or different 
unmodi?ed agents or biopolymer targets are attached to 
different discrete isolated areas in the planar device to form 
an array. 

53. The method of claim 48, Wherein at least 1 to about 
1536 unmodi?ed agents or biopolymers are attached to at 
least 1 to about 1536 discrete isolated areas in the planar 
device. 

54. The method of claim 53, Wherein the planar device is 
a microplate, and the discrete isolated areas are Wells of the 
microplate. 

55. A device comprising a plurality of unmodi?ed 
biopolymer and a solid support, Wherein the solid support 
has at least one surface comprising pendant acyl ?uoride 
functionalities, and Wherein the biopolymer is attached to 
the solid support by reaction With the pendant acyl ?uoride 
functionalities. 
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56. The device of claim 55, Wherein the bioploymer is 
selected from a group consisting of nucleic acids, polypep 
tides, proteins, carbohydrates, lipids and analogues thereof. 

57. The device of claim 55, Wherein the biopolymers are 
selected from a group consisting of polynucleotides, protein 
A, antibodies or streptavidin. 

58. The device of claim 55, Wherein the biopolymer is a 
polynucleotide. 

59. The device of claim 58, Wherein the polynucleotide is 
selected from a group consisting of synthesiZed oligonucle 
otide, ampli?ed DNA, cDNA, single stranded DNA, double 
stranded DNA, PNA, RNA or mRNA. 

60. The device of claim 55, Wherein the biopolymers may 
be the same or different. 

61. The device of claim 55, Wherein the solid support is 
selected from a group consisting of polymeric materials, 
glasses, ceramics, natural ?bers, silicons, metals and com 
posites thereof. 

62. The device of claim 55, Wherein the solid support is 
a polymeric material selected from a group consisting of 
ethylene acylic acid, ethylene methacrylic acid, carboxy 
lated PVDF, carboxylated polypropylene or carboxylated 
polyethylene, and copolymers thereof. 

63. The device of claim 55, Wherein the solid support is 
in a form of threads, sheets, ?lms, gels, membranes, beads, 
plates and like structures. 

64. The device of claim 55, Wherein the solid support is 
fabricated from plastic in the form of a planar device having 
discrete isolated areas in the form of Wells, troughs, pedes 
tals, hydrophobic or hydrophilic patches, diecut adhesive 
reservoirs or other physical barriers to ?uid ?oW. 

65. The device of claim 64, Wherein the solid support is 
a microplate. 

66. The device of claim 64, Wherein the plastic is a surface 
treated With acyl ?uoride functionalities. 

67. The device of claim 66, Wherein the plastic is selected 
from a group consisting of polypropylene, polystyrene, 
polysulfone, polyethylene and copolymers thereof. 

68. The device of claim 64, Wherein the biopolymers are 
attached to different discrete, isolated areas to form an array, 
and Wherein the biopolymers may be the same or different. 

69. The device of claim 55, Wherein the device is prepared 
by a method comprises the steps of: 

(a) providing a plurality of unmodi?ed biopolymers; 

(b) providing a solid support having at least one surface 
comprising pendant acyl ?uoride functionalities; and 

(b) contacting the plurality of unmodi?ed biopolymers 
With the solid support under a condition sufficient for 
alloWing the attachment of each biopolymer to the solid 
support at a discrete location on the solid support. 

70. The device of claim 69, Wherein the solid support has 
a plurality of discrete, isolated locations, and the biopoly 
mers are attached to the solid support at the respective 
discrete, isolated locations. 

71. The device of claim 71, Wherein the biopolymers are 
the same or different. 


