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ABSTRACT 

A method and apparatus for selectively applying a print 
material onto a substrate for the synthesis of an array of 
oligonucleotides at selected regions of a substrate. The print 
material includes a barrier material, a monomer sequence, a 

nucleoside, a deprotection agent, a carrier material, among 
other materials. The method and apparatus also relies upon 
standard DMT based chemistry, and a vapor phase depro 
tection agent such as solid TCA and the like. 
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PRINTING MOLECULAR LIBRARY ARRAYS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the synthesis and 
placement of materials at known locations. In particular, one 
embodiment of the invention provides a method and asso 
ciated apparatus for the selective application of an array of 
oligonucleotides on a substrate by Way of standard 
dimethoXytrityl (DMT) based chemistry. The invention may 
be applied in the ?eld of preparation of an oligomer, a 
peptide, a nucleic acid, an oligosaccharide, a phospholipid, 
a polymer, or a drug congener preparation, especially to 
create sources of chemical diversity for use in screening for 
biological activity. 
[0002] Industry utiliZes or has proposed various tech 
niques to synthesiZe arrays of oligonucleotides. One such 
technique is the use of small rubber tubes as reaction 
chambers to make up a single dimensional array by the 
sequential addition of reagents. This technique has advan 
tages by the use of standard DMT based chemistry. HoW 
ever, a limitation With resolution often eXists With such 
technique. Typically the smallest cell siZe is about 1 milli 
meter in dimension. This method also does not enable the 
synthesis of a sufficiently large number of polymer 
sequences for effective economical screening. A further 
limitation is an inability to form an array of, for eXample, 
oligonucleotides at selected regions of a substrate. 

[0003] Other representative techniques are described in 
US. Pat. No. 5,143,854 and WO93/09668 Which is hereby 
incorporated by reference for all purposes. Such techniques 
are ?nding Wide use and are considered pioneering in the 
industry. In some applications, hoWever, it is desirable to 
have alternative techniques and chemistries for synthesis of 
compound libraries. 

[0004] It Would be desirable to have a method and appa 
ratus for making high density arrays of oligonucleotides 
using DMT-based chemistry and other suitable oligonucle 
otide synthesis chemistries, as is a method and apparatus for 
conventional phosphoramidite-based synthesis of a spatially 
de?ned array of oligomers (e.g., polynucleotides, polypep 
tides, oligosaccharides, and the like) each having a substan 
tially predetermined sequence of residues (i.e., polymeriZed 
monomer units). 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, a method and 
apparatus to form an array of polymers, such as oligonucle 
otides and related polymers (e.g., peptide nucleic acids) at 
selected regions of a substrate using conventional linkage 
chemistries (e.g., standard DMT-based oligonucleotide syn 
thesis chemistry) is provided. The method and apparatus 
includes use of selected printing techniques in distributing 
materials such as barrier materials, deprotection agents, base 
groups, nucleosides, nucleotides, nucleotide analogs, amino 
acids, imino acids, carrier materials, and the like to selected 
regions of a substrate. Each of the printing techniques may 
be used in some embodiments With, for eXample, standard 
DMT-based chemistry for synthesis of oligonucleotides, and 
in particular selected deprotecting agents in vapor form. 

[0006] In a speci?c embodiment, the present invention 
provides a method of forming polymers having diverse 
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monomer sequences on a substrate. In an embodiment, the 
method is used to synthesiZe oligonucleotides having pre 
determined polynucleotide sequence(s) on a solid substrate, 
typically in the form of a spatially de?ned array, Wherein the 
sequence(s) of an oligonucleotide is positionally deter 
mined. The present method includes steps of providing a 
substrate With a linker molecule layer thereon. The linker 
molecule layer has a linker molecule and a protective group. 
The present method also includes a step of applying a barrier 
layer overlying at least a portion of the linker molecule layer. 
The barrier layer shields the underlying portion from contact 
With a reagent capable of otherWise reacting With the under 
lying portion and applied subsequent to application of the 
barrier layer, thereby substantially precluding a predeter 
mined chemical reaction from occurring on areas of the 
substrate overlaid With the barrier material. The applying 
step forms selected eXposed regions of the linker molecule 
layer. Astep of exposing the selected eXposed regions of the 
linker molecule layer (e.g., regions not overlaid With the 
barrier material) to a reagent, typically in vapor phase, and 
often comprising a deprotecting agent is also included. 

[0007] In an alternative speci?c embodiment, the present 
method includes a method of applying a medium in selected 
regions of a substrate. The present method includes steps of 
providing a substrate With a top surface, and selectively 
applying a medium having an element selected from a group 
consisting of a barrier material, a receptor, a deprotection 
agent, a monomer group, a carrier material, and an activator 
to selected regions of the substrate top surface. 

[0008] In an embodiment, the invention provides a method 
for synthesiZing a spatial array of polymers of diverse 
monomeric sequence (e.g., such as a collection of oligo 
nucleotides having unique sequences), Wherein the compo 
sition (e.g., nucleotide sequence) of each polymer is posi 
tionally de?ned by its location in the spatial array. In 
general, the method employs a masking step Whereby a 
spatially distributed barrier material is applied to a substrate 
to block at least one step of a monomer addition cycle from 
occurring on a portion of the substrate overlaid by the barrier 
material. The method comprises applying a barrier material 
to a ?rst spatially de?ned portion of a substrate, said 
substrate optionally also comprising a layer of linker mol 
ecules and/or nascent polymers (e.g., nascent oligonucle 
otides), Whereby the barrier material overlaying said ?rst 
spatially de?ned portion of said substrate shields the under 
lying portion from contact With a subsequently applied 
reagent capable of otherWise reacting With the underlying 
portion and necessary for a complete monomer addition 
cycle Whereby a monomer unit is covalently linked to a 
nascent polymer or linker, thereby substantially precluding 
a chemical reaction from occurring on said ?rst spatially 
de?ned portion Which is overlaid With the barrier material 
and providing a remaining unshielded portion of said sub 
strate (i.e., portion(s) not overlaid With the barrier material) 
available for contacting said subsequently applied reagent 
and undergoing said chemical reaction necessary for a 
complete monomer addition cycle (i.e., polymer elonga 
tion). The subsequently applied reagent is typically a mono 
mer (e.g., nucleotide, nucleoside, nucleoside derivative, 
amino acid, and the like), a deprotecting agent for removing 
protecting group(s) Which block polymer elongation (e.g., 
removal of DMT groups by acid hydrolysis), a coupling 
agent (e.g., phosphoramidites, such as cyanoethyl phos 
phoramidite nucleosides), a capping agent (e.g., acetic anhy 
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dride and 1-methylimidaZole), and/or an oxidation agent 
(e.g., iodine; such as in iodine:Water:pyridine:tetrahy 
drofuran mixture). The method further provides that, sub 
sequent to the application of the barrier material, the 
reagent(s) is/are applied and permitted to chemically react 
With the unshielded portion of the substrate for a suitable 
time period and under suitable reaction conditions. FolloW 
ing reaction of the unshielded portion With the reagent(s), 
monomer addition is completed and the barrier material is 
removed (not necessarily in that order), resulting in a 
monomer addition to polymer(s) in the unshielded portion of 
the substrate and substantial lack of monomer addition to 
polymer(s) in the shielded portion of the substrate, during 
said monomer addition cycle. 

[0009] In an embodiment, the masking step, Wherein,a 
barrier material is applied to a spatially de?ned portion of 
the substrate and used to shield said spatially de?ned portion 
to block a monomer addition cycle on said spatially de?ned 
portion, is employed repetitively. A ?rst barrier mask is 
applied to overlay a ?rst spatially de?ned portion of a 
substrate creating: (1) a ?rst shielded portion overlain by 
said barrier mask, and (2) a ?rst unshielded portion com 
prising the portion of the substrate not overlain by said 
barrier mask. The application of the ?rst barrier mask is 
folloWed by completion of a ?rst monomer addition cycle, 
Whereby a monomer unit is covalently added to the ?rst 
unshielded portion to eXtend or initiate a nascent polymer 
bound to said substrate, typically covalently, and Whereby 
said ?rst monomer addition cycle substantially fails to result 
in addition of a monomer unit to nascent polymers in the ?rst 
shielded portion. The ?rst barrier mask is removed, con 
comitant With, prior to, or subsequent to the completion of 
said ?rst monomer addition cycle, and one or more subse 
quent cycles of applying a subsequent barrier mask, Which 
may overlay subsequent shielded portions Which is/are spa 
tially distinct from said ?rst shielded portion, and perform 
ing at least one subsequent monomer addition cycle(s) 
folloWed after each cycle by barrier removal, and optionally, 
reapplication of a barrier mask and initiation of a further 
monomer addition cycle until polymers of a predetermined 
length (number of incorporated monomer units) are pro 
duced. 

[0010] In an aspect of the invention, a repetitive masking/ 
synthesis process can be comprised of the folloWing steps: 

[0011] (1) application of barrier material to substrate 
having a reactive surface capable of covalently bond 
ing to a monomer unit or reacting With a deprotecting 
agent or other reagent necessary for completion of a 
monomer addition cycle, said reactive surface being 
derivatived With a linker and/or a monomer unit or 
nascent polymer (e.g., a 3‘-linked nucleoside or 
3‘-linked polynucleotide), Wherein said barrier mate 
rial covers a portion of said reactive surface creating 
a covered portion, said covered portion being a 
shielded portion and being substantially incapable of 
reacting With a monomer unit or reagent necessary 
for completion of a monomer addition cycle, and the 
remaining portion of the substrate being an 
unshielded portion capable of reacting With a mono 
mer unit or reagent necessary for completion of a 
monomer addition cycle; 

[0012] (2) contacting the substrate With reagents nec 
essary for completion of a monomer addition cycle, 
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Wherein a monomer unit is covalently attached to the 
reactive surface of the substrate (e.g., a linker, a 
3‘-linked nucleoside, or 3‘-linked nascent polynucle 
otide) in an unshielded portion; 

[0013] (3) removing the barrier material; and 

[0014] (4) repeating steps 1, 2, and 3 from 0 to 5000 
cycles, preferably from 2 to 250 cycle, more usually from 4 
to 100 cycles, and typically from about 7 to 50 cycles, until 
a predetermined polymer length is produced on a portion of 
the substrate. The pattern of barrier material applied in each 
cycle may be different that the prior or subsequent cycle(s), 
if any, or may be the same. Often, in step (2), at least one 
reagent necessary for completion of a monomer addition 
cycle is applied in vapor phase. 

[0015] In an embodiment of the invention is provided a 
substrate having a spatial array of polymers of predeter 
mined length produced by the method described supra. 

[0016] In one aspect of the invention is provided a method 
for applying a barrier material or reagent necessary for a 
monomer addition cycle to a substrate, said method com 
prising transferring the barrier material or reagent as a 
charged droplet by electrostatic interaction, such as, for 
eXample, in an inkjet or bubble jet print head or similar 
device. In an embodiment, the barrier material or reagent is 
suitable for use in polynucleotide (oligonucleotide) synthe 
sis. In an embodiment, the substrate is a silicon or glass 
substrate or a charged membrane (e.g., nylon 66 or nitro 

cellulose). 
[0017] An aspect of the invention provides a method for 
synthesiZing polynucleotides on a substrate, said method 
comprising application of at least one reagent necessary for 
addition of a nucleotide to a nascent polynucleotide or linker 
molecule bound to a substrate, Wherein said application is 
performed With the reagent present substantially in vapor 
phase. 

[0018] A further understanding of the nature and advan 
tages of the present invention may be realiZed by reference 
to the latter portions of the speci?cation and attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1-3 illustrate simpli?ed cross-sectional 
vieWs of a substrate being processed according to the present 
invention; 

[0020] FIGS. 4-13 illustrate selected printing techniques 
according to the present invention; 

[0021] FIG. 14 illustrates a simpli?ed cross-sectional 
vieW of an apparatus used to achieve local selectivity; 

[0022] FIG. 15 illustrates a jig used for contacting a mask 
to a substrate Without smearing; 

[0023] FIG. 16 is a photograph of a ?uorescent image of 
a ?uoreprimed Workpiece that Was selectively shielded from 
liquid deprotection by a lacquer; 

[0024] FIG. 17 is a photograph of dots of uncured epoXy 
and pump oil overlying a Workpiece; 

[0025] FIG. 18 illustrates a SEM photograph of a liquid 
uncured epoXy pattern on a glass Workpiece; 
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[0026] FIG. 19 illustrates a SEM photograph of a 100 
micron resolution sample With an epoxy barrier pattern; 

[0027] FIG. 20 illustrates a SEM photograph of a 75 
micron resolution sample With an epoxy barrier pattern; 

[0028] FIG. 21 is a photograph of a ?uorescent.pattern 
from vapor deprotection through an uncoated silicon stencil 
mask; 
[0029] FIG. 22 is a close-up version of the photograph of 
FIG. 21; 

[0030] FIG. 23 is a photograph of an epoxy paint pattern 
transferred from a nickel grid; 

[0031] FIGS. 24 and 25 are photographs of ?uorescent 
images resulting from vapor phase deprotection through an 
epoxy pattern; 

[0032] FIG. 26 illustrates a 2x2 array of oligonucleotides 
formed by masking out deprotection agents after A (vertical 
mask) and a ?rst T in the synthesis of 3‘-CGCATTCCG; 

[0033] FIG. 27 is a scanned output of an array after 
hybridiZing With 10 nM target oligonucleotide 5‘-GCG 
TAGGC-?uorescein for 15 minutes at 15 C; 

[0034] FIGS. 28 and 29 are scanned outputs after hybrid 
iZing to a neWly-made sample of the same target sequence 
of FIGS. 26 and 27; 

[0035] FIG. 30 is an array of same oligos as in FIGS. 26 
and 27 made by displacing the reaction chamber When 
added bases A and the ?rst T in the sequence 3‘-CGCAT 
TCCG; 
[0036] FIGS. 31 and 32 illustrate scanned outputs after 
hybridiZing With 10 nM 5‘-GCGTAGGC-?uorescein. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENT 

[0037] Glossary 
[0038] The folloWing terms are intended to have the 
folloWing general meanings as they are used herein: 

[0039] 1. Ligand: A ligand is a molecule that is recog 
niZed by a particular receptor. Examples of ligand that 
can be investigated by this invention include, but are 
not restricted to, agonists and antagonists for cell 
membrane receptors, toxins and venoms, viral epitopes, 
hormones (e.g., opiates, steroids, etc.), hormone recep 
tors, peptides, enZymes, enZyme substrates, cofactors, 
drugs, lectins, sugars, oligonucleotides, nucleic acids, 
oligosaccharides, proteins, and monoclonal antibodies. 

[0040] 2. Monomer: A member of the set of small 
molecules Which are or can be joined together to form 
a polymer. The set of monomers includes but is not 
restricted to, for example, the set of common L-amino 
acids, the set of D-amino acids, the set of synthetic 
and/or natural amino acids, the set of nucleotides and 
the set of pentoses and hexoses. The particular ordering 
of monomers Within a polymer is referred to herein as 
the “sequence” of the polymer. As used herein, mono 
mers refers to any member of a basis set for synthesis 
of a polymer, Which include for example and not 
limitation, polynucleotides, polypeptides, and small 
molecules such as benZodiaZepines, [3-turn mimetics, 
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and protoprostaglandins, among others. For example, 
dimers of the 20 naturally occurring L-amino acids 
form a basis set of 400 monomers for synthesis of 
polypeptides. Different basis sets of monomers may be 
used at successive steps in the synthesis of a polymer. 
Furthermore, each of the sets may include protected 
members Which are modi?ed after synthesis. The 
invention is described herein primarily With regard to 
the preparation of molecules containing sequences of 
monomers such as amino acids, but could readily be 
applied in the preparation of other polymers. Such 
polymers include, for example, both linear and cyclic 
polymers of nucleic acids, polysaccharides, phospho 
lipids, and peptides having either ot-, [3-, OR uu-amino 
acids, heteropolymers in Which a knoWn drug is 
covalently bound to any of the above, polynucleotides, 
polyurethanes, polyesters, polycarbonates, polyureas, 
polyamides, polyethyleneimines, polyarylene sul?des, 
polysiloxanes, polyimides, polyacetates, or other poly 
mers Which Will be apparent upon revieW of this 
disclosure. Such polymers are “diverse” When poly 
mers having different monomer sequences are formed 
at different prede?ned regions of a substrate. Methods 
of cycliZation and polymer reversal of polymers are 
disclosed in application Ser. No. 07/796,727 ?led Nov. 
22, 1991 (now US. Pat. No. 5,242,974 issued Sep. 7, 
1993, entitled “POLYMER REVERSAL ON SOLID 
SURFACES,” incorporated herein by reference for all 
purposes. One set of polymers is polynucleotides and 
peptide nucleic acids. 

[0041] 3. Peptide: A polymer in Which the monomers 
are alpha amino acids and Which are joined together 
through amide bonds, alternatively referred to as a 
polypeptide. In the context of this speci?cation it 
should be appreciated that the amino acids may be the 
L-optical isomer or the D-optical isomer. Peptides are 
often tWo or more amino acid monomers long, and 
often more than 20 amino acid monomers long. Stan 
dard abbreviations for amino acids are used (e.g., P for 
proline). These abbreviations are included in Stryer, 
Biochemistry, Third Ed., 1988, Which is incorporated 
herein by reference for all purposes. Peptide analogs 
are commonly used in the pharmaceutical industry as 
non-peptide drugs With properties analogous to those of 
the template peptide. These types of non-peptide com 
pound are termed “peptide mimetics” or “peptidomi 
metics” (Fauchere, J. (1986) Adv. Drug Res. 15: 29; 
Veber and Freidinger (1985) TINS p.392; and Evans et 
al. (1987) J. Med. Chem 30: 1229, Which are incorpo 
rated herein by reference) and are often developed With 
the aid of computeriZed molecular modeling. Peptide 
mimetics that are structurally similar to therapeutically 
useful peptides may be used to produce an equivalent 
therapeutic or prophylactic effect. Generally, peptido 
mimetics have one or more peptide linkages optionally 
replaced by a linkage selected from the group consist 
ing of: —CH2NH—, —CH2S—, —CH2—CH2—, 
—CH=CH— (cis and trans), —COCH2—, 
—CH(OH)CH2—, and —CH2SO—, by methods 
knoWn in the art and further described in the folloWing 
references: Spatola, A. F. in “Chemistry and Biochem 
istry of Amino Acids, Peptides, and Proteins,” B. 
Weinstein, eds., Marcel Dekker, NeW York, p. 267 
(1983); Spatola, A. E, Vega Data (March 1983), Vol. 1, 
























