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(57) ABSTRACT 

The invention features methods of making devices, or “plat 
ens”, having a high-density array of through-holes, as Well 
as methods of cleaning and refurbishing the surfaces of the 
platens. The invention further features methods of making 
high-density arrays of chemical, biochemical, and biological 
compounds, having many advantages over conventional, 
loWer-density arrays. The invention includes methods by 
Which many physical, chemical or biological transforma 
tions can be implemented in serial or in parallel Within each 
addressable through-hole of the devices. Additionally, the 
invention includes methods of analyZing the contents of the 
array, including assaying of physical properties of the 
samples. 
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APPARATUS FOR ASSAY, SYNTHESIS AND 
STORAGE, AND METHODS OF MANUFACTURE, 

USE, AND MANIPULATION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/239,538, ?led Oct. 10, 2000, US. 
Provisional Application No. 60/268,894, ?led Feb. 14, 2001, 
and US. Provisional Application No. 60/284,710, ?led Apr. 
18, 2001, all of Which are hereby incorporated by reference 
in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to devices for molecular 
synthesis, storage and screening, and other chemical, bio 
chemical, biological, and physical experiments, and to meth 
ods of making, using, and manipulating the same. 

BACKGROUND OF THE INVENTION 

[0003] High throughput methods for creating and analyZ 
ing chemical and biochemical diversity play a vital role in 
technologies including drug discovery and development. 
Speci?c applications of high throughput methods include 
drug discovery, optimiZation of reaction conditions (e.g., 
conditions suitable for protein crystallization), genomics, 
proteomics, genotyping, polymorphism analysis, examina 
tion of RNA expression pro?les in cells or tissues, sequenc 
ing by hybridization, and recombinant enZyme discovery. 

[0004] Rapid, high throughput methods for synthesiZing 
(e. g., using combinatorial chemistry methods) and screening 
large numbers of these compounds for biological and physi 
cochemical properties are desired, for example, to increase 
the speed of discovery and optimiZation of drug leads. 

[0005] Similarly, due in part to the large amount of 
sequence data from the human genome project, efforts are 
underWay to rapidly obtain x-ray crystallography data for 
the protein products of many neWly discovered genes. One 
of the rate limiting steps in this process is the search for 
appropriate solution conditions (e. g., pH, salt concentration) 
to cause protein crystalliZation. There is also a need to 
determine the function of each of the neWly discovered 
genes (i.e., “functional genomics”) and to map protein 
protein interactions (i.e., “proteomics”). Given the large 
number of human genes, protein modi?cations, and protein 
binding partners, higher throughput methods are desired. 

[0006] Another advance in biotechnology is the creation 
of surfaces With high-density arrays of biopolymers such as 
oligonucleotides or peptides. High-density oligonucleotide 
arrays are used, for example, in genotyping, polymorphism 
analysis, examination of RNA expression pro?les in cells or 
tissues, and hybridiZation-based sequencing methods as 
described, for example, in US. Pat. Nos. 5,492,806, 5,525, 
464, and 5,667,972 to Hyseq, Inc. Arrays containing a 
greater number of probes than currently provided are desir 
able. 

[0007] The process of discovering and improving recom 
binant enZymes for industrial or consumer use has emerged 
as an important economic activity in recent years. A desire 
to discover very rare, activity-improving mutations has 
further stimulated the search for higher throughput screening 
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methods. Such methods often require screening 100,000 to 
1,000,000 members of a genetic library in parallel, and then 
rapidly detecting and isolating promising members for fur 
ther analysis and optimiZation. 

[0008] One of the challenges in the development of high 
throughput methods is that conventional liquid handling 
techniques such as pipetting, pieZoelectric droplet dispens 
ing, split pin dispensing, and microspritZing are generally 
unsuitable for rapidly loading or transferring liquids to or 
from plates of high density (e.g., plates having more than 
about 384 Wells). For example, these techniques can cause 
substantial splashing, resulting, for example, in contamina 
tion of neighboring Wells and loss of sample volume. Also, 
as the number of Wells increases, the time necessary to 
reformat compounds from the previous generation of plates 
to the higher density plates generally increases, thus limiting 
the utility of higher density plates. Evaporation can also be 
problematic With times greater than a feW seconds. More 
over, entrapped air bubbles can result in inconsistencies in 
the loading of small ?uid volumes (e.g., less than about one 

microliter). 
[0009] Signi?cant bottlenecks in high throughput screen 
ing efforts include library storage, handling, and shipping. 
As the number of compounds in a library increases, the 
number of 96- or 384-Well plates, and the total volume 
needed to store the libraries, also increases. For compounds 
that are stored in froZen solvent such as DMSO or Water, 
thaWing, dispensing, and refreeZing pose the haZard of 
crystalliZation, precipitation, or degradation of some com 
pounds, making it dif?cult to dispense accurate quantities in 
the future. Having samples stored in loW-density plates 
requires a time consuming step of reformatting the samples 
into high-density plates before the high-density technology 
can be utiliZed. 

SUMMARY OF THE INVENTION 

[0010] The invention features methods of making devices, 
or “platens”, having a high-density array of through-holes, 
as Well as methods of cleaning and refurbishing the surfaces 
of the platens. The invention further features methods of 
making high-density arrays of chemical, biochemical, and 
biological compounds, having many advantages over con 
ventional, loWer-density arrays. The invention includes 
methods by Which many physical, chemical or biological 
transformations can be implemented in serial or in parallel 
Within each addressable through-hole of the devices. Addi 
tionally, the invention includes methods of analyZing the 
contents of the array, including assaying of physical prop 
erties of the samples. 

[0011] In various embodiments, the reagents can be con 
tained Within the through-holes by capillary action, attached 
to the Walls of the through-holes, or attached to or contained 
Within a porous material inside the through-hole. The porous 
material can be, for example, a gel, a bead, sintered glass, or 
particulate matter, or can be the inner Wall of a through-hole 
that has been chemically etched. In particular embodiments, 
the arrays can include individual molecules, complexes of 
molecules, viruses, cells, groups of cells, pieces of tissue, or 
small particles or beads. The members of the arrays can also, 
for example, function as transducers that report the presence 
of an analyte (e.g., by providing an easily detected signal), 
or they can function as selective binding agents for the 



US 2003/0180807 A1 

retention of analytes of interest. Using these methods, arrays 
corresponding to a large plurality of human genes (e.g., 
using nucleic acid probes) can also be prepared. 

[0012] On embodiment of the invention features a method 
of making a platen of a desired thickness having a plurality 
of through-holes. The method includes the steps of (a) 
providing a plurality (e.g., 2, 3, 5, 8, 10, 100, 1000 or more) 
of plates having upper and loWer surfaces, Wherein one or 
both of the upper and loWer surfaces of at least some of said 
plurality of plates has continuous, substantially parallel 
grooves running the length of said surfaces; (b) bonding the 
upper surfaces of all but one of said plurality of plates to the 
loWer surfaces of the other plates (i.e., the upper surface of 
the ?rst plate is bonding to the loWer surface of the second 
plate; the upper surface of the second plate is bonded to the 
loWer surface of the third plate; and so on; the upper surface 
of the last plate is not bonded to anything else); and (c) if 
necessary to achieve the desired thickness, slicing the platen 
substantially perpendicularly to the through-holes, thereby 
creating a platen of a desired thickness having a plurality of 
through-holes. Step c) can optionally be repeated make a 
plurality of platens. 

[0013] The plates can be made from any material that can 
be bonded (e.g., plastic, metal, glass, or ceramic), and each 
can have a thickness from, e.g., about 0.01 mm to 2.0 mm, 
preferably 0.1 mm to 1 mm; the grooves have a depth from, 
e.g., 0.005 mm to 2.0 mm (i.e., less than the thickness of the 
plates); and the grooves can have a Width from, e.g., 0.1 mm 
to 1.0 mm. 

[0014] The plates can be bonded in a con?guration in 
Which the grooves of one plate are substantially parallel to 
the grooves of each of the other plates, or can be bonded so 
that the grooves of certain plates are perpendicular to, or at 
acute angles to, the grooves of certain other plates. 

[0015] In another embodiment, the invention features a 
device for the immobiliZation of probes, cells, or solvent. 
The device includes a platen (optionally having hydrophobic 
upper and loWer surfaces) having a plurality of through 
holes (e.g., from the upper surface to the loWer surface), 
Where at least some of the through-holes contain a porous 
material such as a gel (e.g., polyacrylamide), silica, sintered 
glass, or polymers for the immobiliZation of probes, cells, or 
solvent. 

[0016] In still another embodiment, the invention features 
a method of making a platen having opposing hydrophobic 
surfaces and a plurality of hydrophilic through-holes. The 
method includes the steps of: (a) coating a plate With a 
material (e.g., gold, silver, copper, gallium arsenide, metal 
oxides, or alumina) that reacts With amphiphilic molecules 
(e.g., alkane thiols, alkanephosphates, alkane carboxylates); 
(b) forming through-holes in the plate (e.g., by microma 
chining methods such as drilling, electrospark discharge 
machining (EDM), punching, stamping, or etching; and (c) 
treating (e.g., dipping or spraying) the plate With a solution 
or vapor of an amphiphilic molecule to provide a platen 
having hydrophobic coating on surfaces of the platen but not 
on the Walls of the through-holes. The invention also 
includes the platens made by this method, as Well as a 
method of regenerating the hydrophobic coating on the 
platen after use. This method includes the steps of: (a) 
removing residual hydrophobic coating, if any (e.g., by 
Washing the platen With oxidant, reductant, acid, base, or 
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detergent, or by heating, electropolishing, irradiating, or 
burning); and (b) treating the platen With a solution or vapor 
of an amphiphilic molecule to regenerate the hydrophobic 
coating. 

[0017] In yet another embodiment, the invention features 
a method of selectively making a coating on the surfaces of 
a platen having a plurality of through-holes. The method 
includes the steps of: (a) selectively coating the surfaces of 
the platen With a material that reacts With amphiphilic 
molecules; and (b) treating the platen With a solution or 
vapor of an amphiphilic molecule to regenerate the hydro 
phobic coating. 
[0018] Still another embodiment of the invention features 
a platen having tWo opposing surfaces and a plurality of 
through-holes extending betWeen the surfaces. The surfaces 
have different chemical properties relative to the Walls of the 
through-holes, such that the Walls and surfaces can be 
independently functionaliZed. For example, the Walls can be 
coated With gold (e. g., by coating the entire platen, including 
both the Walls and the opposing surfaces With gold, and then 
electropolishing the surfaces to remove the gold therefrom), 
alloWing the Walls to be rendered hydrophobic upon treat 
ment With alkane thiols. Conversely, the surfaces (but not the 
Walls) could be coated With metal oxides so that alkane 
phosphates can be bound thereto. 

[0019] In another embodiment, the invention features a 
method of making a plastic platen of a desired thickness, 
having through-holes. The method features the steps of: a) 
potting a plurality of capillaries (e.g., glass or plastic cap 
illaries) in the through-holes of a stack of platens comprising 
at least tWo platens having through holes; b) separating 
adjacent platens by a distance equal to the desired thickness; 
c) injecting a plastic-forming material into the space 
betWeen the separated platens; d) forming (e.g., heat-setting 
or curing) the plastic; and e) slicing at the interface betWeen 
the platens and the plastic to form the chips. The plastic 
forming material can be, for example, a photo-, thermo-, or 
chemical-curable material such as a UV-curable material, 
e.g., polymethylmethacrylate (PMMA), polystyrene, or 
epoxy, and the forming step can entail exposing the material 
to ultraviolet light; or the plastic-forming material can be a 
molten thermoplastic material and the forming step can 
involve cooling the material. 

[0020] In still another embodiment, the invention features 
a method of making a plastic chip of a desired thickness, 
having through-holes. The method features the steps of: a) 
potting a plurality of ?bers or Wires in the through-holes of 
a stack of platens comprising at least tWo platens having 
through holes; b) separating adjacent platens by a distance 
equal to the desired thickness; c) injecting a plastic-forming 
material into the space betWeen the separated platens; d) 
forming the plastic; e) WithdraWing the ?bers or Wires from 
the plastic to form through-holes; and f) slicing at the 
interface betWeen the platens and the plastic to form the 
chips. 

[0021] Still another embodiment of the invention is a 
method of creating a chemical array. The method includes 
the steps of: a) providing a platen having a plurality of 
through-holes and tWo opposing surfaces; b) applying a 
mask to one or both surfaces of the platen to block at least 
some of the through-holes, While leaving other through 
holes open; c) exposing a surface of the platen to a reagent 



US 2003/0180807 A1 

(e.g., e.g., a liquid, a gas, a solid, a powder, a gel, a solution, 
a suspension such as a slurry, a cell culture, a virus prepa 
ration, or electromagnetic radiation; e.g., by spraying the 
platen With a solution or suspension of the reagent, or by 
condensing, pouring, depositing, or dipping the reagent onto 
the platen) so that the reagent enters at least one of the open 
through-holes; and d) repeating steps b) and c) (e.g., at least 
once, generally at least three times; for creation of nucleic 
acid arrays, the steps can be repeated four times the length 
of the desired nucleic acid chains; for creation of protein 
arrays, the steps can be repeated tWenty times the length of 
the desired peptide chains) With at least one different mask 
and at least one different reagent to create a chemical array. 
The masks can be reusable or disposable, and can be applied 
mechanically (e.g., robotically) or manually. The mask can, 
in some cases, initially include the reagent (e.g., absorbed 
onto or contained Within it). The mask can be ?exible or 
rigid, for example, and can be made of a polymer, an 
elastomer, paper, glass, or a semiconductor material. The 
mask can, for example, include mechanical valves, pin 
arrays (e.g., posts, pistons, tubes, plugs, or pins), or gas jets. 
In some cases, the “applying” step forms a hermetic seal 
betWeen the mask and the platen. The mask can also be 
translated (e.g., moved betWeen the repetitions of the 
method) to expose different through-holes. In some cases, 
the mask has co-registration pins and holes such that align 
ment of pins and holes in the mask register With the 
through-holes in the platen. In these cases, multiple masks 
can be made part of a ?exible tape, and the multiple masks 
are registered With the through-holes of the platen by 
advancing the tape (e.g., the masks can be on a spool, ribbon, 
or roll, and can be advanced in a manner analogous to the 
advancing of ?lm in a camera). Arrays created by any of 
these methods are also considered to be an aspect of the 
invention. 

[0022] In yet another embodiment, the invention features 
a method of creating a chemical array. The method includes 
the steps of: a) providing a platen having a plurality of 
through-holes and tWo opposing surfaces; b) applying a 
mask that has one or more reagents on its surface to one or 
both surfaces of the platen to transfer the reagent from the 
mask to at least some of the through-holes; and c) repeating 
step b) With at least one different mask and at least one 
different reagent to create a chemical array. 

[0023] The invention also features a method for separating 
samples Within a chemical array in a platen. The method 
includes the steps of a) providing a platen having a plurality 
of through-holes and tWo opposing surfaces; b) electro 
phoretically transporting a charged reagent into at least some 
of the through-holes by placing the platen into an electro 
phoresis apparatus containing the reagent and applying an 
electric ?eld parallel to the through-holes; and c) repeating 
step b) With at least one different reagent to create a chemical 
array. 

[0024] In still another embodiment, the invention features 
a method of creating a spatially addressable array. The 
method includes the folloWing steps: a) providing a platen 
having a spatially addressable plurality of discrete through 
holes each having an inner Wall, Wherein said platen has 
opposing hydrophobic surfaces; and b) covalently or non 
covalently immobiliZing at least one reagent or probe on the 
inner Walls of at least some of the through-holes or on a bead 
contained Within at least one of the through-holes to form a 
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spatially addressable array. In this method, the through-holes 
can be either non-communicating (i.e., the contents of 
adj acent through-holes do not mix With each other) or 
selectively communicating (i.e., the Walls of at least some of 
the through-holes act as semi-permeable membranes) 
through-holes. In some cases, the method can also include 
the step of: c) ?oWing reagents (e.g., monomers, Wash 
solutions, catalysts, terminators, denaturants, activators, 
polymers, cells, buffer solutions, luminescent and chromato 
genic substrate solutions, beads, heated or cooled liquids or 
gases, labelled compounds, or reactive organic molecules) 
into or through a predetermined subset of the through holes. 

[0025] Yet another embodiment of the invention is a 
method of creating a stochastic array. The method includes 
a) providing a platen having a plurality of through-holes; 
and b) applying each of a plurality of reagents to the 
through-holes in a random or semi-random manner (e.g., 
spatially random or random With respect to distribution of 
reagents) to create a stochastic array. The “applying” step 
can include, for example, providing a plurality of dispensing 
devices addressing at least some of the through-holes, dis 
pensing different combinations of reagent solutions (e.g., as 
solutions, neat, or in suspension) into each through-hole, and 
repositioning the dispensing devices at least once to address 
a different set of through-holes. In this case, the method can 
also involve dispensing a ?uid that is immiscible With the 
reagent solutions into at least one through-hole. 

[0026] In another embodiment, the invention features a 
method of identifying combinations of reagents having a 
biological, chemical or physical property of interest. The 
method involves, for example, the use of radiolabelled 
probes, or the measurement of chemiluminescence. The 
method features the steps of: a) creating a stochastic array 
using the above method; b) assaying the stochastic array for 
combinations having a property of interest; and c) identify 
ing the reagents that have the property of interest. Non 
limiting examples of properties of interest include catalysis 
(see, e.g., Weinberg et al., Current Opinion in Solid State & 
Materials Science, 3:104-110 (1998)); binding a?inity for a 
particular molecule (see, e.g., Brandts et al., American 
Laboratory 22:3041 (1990); or Weber et al., J. Am. Chem. 
Soc. 16:2717-2724 (1994)); ability to inhibit particular 
chemical and biochemical reactions; thermal stability (see, 
e.g., Pantaliano et al., U.S. Pat. Nos. 6,036,920 and 6,020, 
141); luminescence (see, e.g., Danielson et al., Nature 
389:944-948 (1997)); crystal structure (see, e.g., Hindeleh et 
al., Journal of Materials Science 26:5127-5133 (1991)); 
crystal groWth rate; diastereoselectivity (see, e. g., Burgess et 
al., Angew. Chem. 180:192-194 (1996)); crystal quality or 
polymorphism; surface tension; (see, e.g., Erbil, J. Phys. 
Chem. B., 102:9234-9238 (1998)); surface energy (see, e.g., 
Leslot et al., Phys. Rev. Lett. 65:599-602 (1990)); electro 
magnetic properties (see, e.g., Briceno et al., Science 
270:273-275 (1995); or Xiang et al., Science 268:1738-1740 
(1995)); electrochemical properties (see, e.g., Mallouk et al., 
Extended Abstracts; Fuel Cell seminar: Orlando, Fla., 686 
689 (1996)); and optical properties (see, e.g., Levy et al., 
Advanced Materials 7:120-129 (1995)); toxicity, antibiotic 
activity, binding, and other biological properties; ?uores 
cence and other optical properties; and pH, mass, binding 
a?inity, and other chemical and physical properties. 

[0027] In another embodiment yet, the invention features 
a method of loading a platen having a plurality of through 










































































