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7) ABSTRACT

This disclosure relates to CryoArrays, which permit the
analysis of samples (such as protein, nucleic acid, virus, or
cell samples) in arrays that are prepared at low temperatures.
Because CryoArrays are constructed as a block of substan-
tially columnar samples, the block can be sliced to provide
a plurality of identical or substantially identical individual
arrays. The individual arrays can be used for parallel analy-
sis of the same array feature set, for instance with different
probes or under different conditions. Also provided are
methods of making CryoArrays, devices for making
CryoAurrays, and kits.
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MEASUREMENTS OF MULTIPLE MOLECULES
USING A CRYOARRAY

PRIORITY CLAIM

[0001] This claims the benefit of U.S. Provisional Patent
Application No. 60/316,544, filed Aug. 31, 2001, which is
incorporated by reference herein in its entirety.

FIELD

[0002] This disclosure relates to medium to high-through-
put methods for molecule analysis, particularly parallel
measurement of nucleic acids, proteins, and antibodies using
a cryoarray.

BACKGROUND OF THE DISCLOSURE

[0003] Recent advances in genomics, including SAGE and
DNA microarrays, have allowed researchers to perform high
throughput analysis of gene expression. These experiments
generate large amounts of information, which must be
confirmed by independent techniques one gene at a time.
Cellular activity and function are controlled by protein
activity, which cannot be easily predicted from measurement
of steady state mRNA levels. Under some conditions, for
example, increases in mRNA levels do translate to increased
protein abundance. However, under some stresses, elevated
mRNA levels are required to keep protein levels constant
(Ideker et al., Science 292:929-934, 2001).

[0004] New techniques are being used to study cellular
protein expression and function. For example, tissue arrays
constructed to hold hundreds of tissue profiles from normal
and diseased tissues can be sectioned, with each section
being used to evaluate a different disease marker by immu-
nohistochemical staining. This technique requires solid tis-
sue samples, and antibodies that bind to formalin-fixed
paraffin-embedded samples. Also, the target features of the
tissue must be adequately represented within a 100-300
micron spot. The cellular heterogeneity of the kidney makes
if difficult to ensure that even one glomerulus is contained
within each sample.

[0005] Many techniques have been developed to study
protein expression; however, they require expensive equip-
ment (2-D mass spectroscopy, Ideker et al., Science
292:929-934, 2001; Ciphergen ProteinChip; Weinberger et
al., Pharmacogen. 1:395-416, 2000; protein arrays,
Paweletz et al., Oncogene 20:1981-1989, 2001, for
instance), or prolonged or proprietary chemistry to attach
proteins to solid support (for instance, with protein chips,
see Zhu et al., Nat Genet. 26:283-9, 2000). Inexpensive hand
stamping methods have been developed and are available
commercially; however, only one or two arrays can be made
at a time.

SUMMARY OF THE DISCLOSURE

[0006] This disclosure provides methods of making and
using CryoArrays, arrays of biological samples (such as
nucleic acids, proteins, cells, cell fragments, viruses, and
biological fluids) prepared at low temperature and with
minimal amounts of samples. CryoArrays are constructed as
a block containing elongated, substantially columnar
samples that are injected into a preformed cryoblock to form
a loaded cryoblock. The loaded cryoblock is sliced or
sectioned, for example, substantially perpendicularly to the
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elongated axis of the samples, to provide a plurality of
corresponding arrays (cryosections), for example identical
or substantially identical individual arrays.

[0007] Production of many corresponding or substantially
identical CryoArray sections is simple, relatively inexpen-
sive, efficiently uses samples with very little waste, and
requires only a small volume of sample. The ability to make
multiple cryosections from one cryoblock enables parallel
analysis of many substantially identical arrays. Individual
array sections can be used for parallel analysis of the same
set of array features, for instance with different probes or
under different conditions. Production of CryoArrays is a
process that is less harmful to biomolecules, particularly
proteins, because samples are kept frozen or near freezing
during production of the cryoblock.

[0008] Specific examples and classes of CryoArrays are
provided, including protein-based CryoArrays, nucleic acid-
based CryoArrays, cell-based CryoArrays, delivery CryoAr-
rays, virus-based CryoArrays, and sample-based CryoAr-
rays. Methods of making and using these classes of arrays
are described herein.

[0009] The foregoing and other features and advantages
will become more apparent from the following detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1 shows a schematic drawing of an example
CryoArray block. FIG. 1A shows the cryoblock. In FIG.
1B, one section (cryosection) has been removed from the top
of the cryoblock and is shown suspended slightly above the
remainder of the block.

[0011] FIG. 2 Shows a schematic drawing of another
example CryoArray block, wherein an orientation well has
been included. In this particular example, the orientation
well is both slightly separated from and of a different shape
than the remainder of the wells in the block.

[0012] FIG. 3 shows a schematic overview of the con-
struction of a CryoArray, and cutting and removing of three
individual sections from the array block.

[0013] FIG. 4 is a schematic outline showing construction
and probing (with a labeled (*) probe) of a CryoArray
wherein two signal intensities are detected.

[0014] FIG. 5 illustrates the fabrication of an example of
a CryoArray block and individual section.

[0015] FIG. 5A shows an aluminum 12x19x12 mm mold
filled with OCT embedding compound, with a 5x5 array of
needles positioned above the cryoblock.

[0016] FIG. 5B shows a CryoArray block with sample
wells, after the needle array has been removed.

[0017] FIG. 5C shows a CryoArray block being filled
with a gelatin-based sample.

[0018] FIG. 5D shows a cryosection of a CryoArray, cut
with a cryostat and transferred using a tape transfer system
to preserve the geometry of the array.

[0019] FIG. 6 shows a series of images of proteins
detected from CryoArrays,; the series illustrates optimization
of bonding sample to a cryoblock. Cryoblocks were filled
with either fluorescently labeled IgG (FIG. 6A) or recom-
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binant PSA (FIG. 6B, FIG. 6C, and FIG. 6D), and samples
detected by either fluorescence (FIG. 67A) or immunohis-
tochemistry (FIG. 67B, FIG. 6C, and FIG. 6D).

[0020] FIG. 6A shows the signals produced when samples
are loaded into the cryoblock without sucrose or gelatin. The
cryosection was pressed against a nitrocellulose membrane,
and the fluorescent labeled protein that transferred to the
membrane is shown, rather than the array itself.

[0021] FIG. 6B shows the signals produced when samples
containing sucrose are loaded into the cryoblock.

[0022] FIG. 6C shows the signals produced when samples
containing both sucrose and gelatin are loaded into the
cryoblock. Key: row 1, 0.5 ng/ul recombinant PSA; row 2,
0.1 ng/ul; row 3, 0.02 ng/ul; row 4, 0.004 ng/ul; row “BSA,”
BSA rather than PSA as a negative control.

[0023] FIG. 6D illustrates that the integrity of signals
from a CryoArray section is improved when the thaw and
refreeze cycle is omitted (left-hand panel).

[0024] FIG. 7 shows protein transferred to three different
capture membranes. A CryoArray block was filled with 0.5
pg/ul-0.5 ng/ul of recombinant human PSA. Sequential 10
um sections were removed and transferred using Scotch tape
to (FIG. 7A) Trans-blot membrane, (FIG. 7B) Enhancer
membrane, and (FIG. 8C) FAST™ slides. The signal of the
transferred protein was detected using a gel documentation
system.

[0025] FIG. 8 illustrates the reproducibility of signals
from individual cryosections of a CryoArray, using fluores-
cent-labeled IgG. Sample wells were filled with fluorescent-
labeled IgG in 20% sucrose, and signal detected a gel
documentation system. The illustrated experiment employed
a round of thaw and re-freezing to bind samples to the
cryoblock; omitting this cycle has been shown to increase
reproducibility even further.

[0026] FIG. 8A shows the fluorescent signals from four
sequential cryosections; the level of signal from the wells
designated 1A through 1E are shown in FIG. 8B for each of
the four sections.

[0027] FIG. 9 illustrates the linearity of signal detected
from features of a CryoArray, using fluorescently-labeled
IgG. Sample wells were filled with 0.03-0.4 mg/ml fluores-
cently-labeled IgG, and signal (FIG. 9A) detected using a
gel documentation system. The relative fluorescent signals
(arbitrary units) from individual features at the indicated
concentrations of fluorescently-labeled IgG are shown in
FIG. 9B.

DETAILED DESCRIPTION

[0028] 1. Abbreviations
[0029] cDNA: complementary DNA
[0030] CGH: comparative genomic hybridization
[0031] DNA: deoxyribonucleic acid
[0032] EST: expressed sequence tag
[0033] LCM: laser capture microdissection
[0034] OCT: optimal cutting temperature (embed-

ding compound)
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[0035] PSA: prostate specific antigen

[0036] SAGE: serial analysis of gene expression

[0037] TBST: Tris-buffered saline with Tween-20
[0038]

[0039] Unless otherwise noted, technical terms are used
according to conventional usage. Definitions of common
terms in molecular biology may be found in Benjamin
Lewin, Genes V, published by Oxford University Press, 1994
(ISBN 0-19-854287-9); Kendrew et al. (eds.), The Encyclo-
pedia of Molecular Biology, published by Blackwell Science
Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers
(ed.), Molecular Biology and Biotechnology: a Comprehen-
sive Desk Reference, published by VCH Publishers, Inc.,
1995 (ISBN 1-56081-569-8).

[0040] In order to facilitate review of the various embodi-
ments of the invention, the following explanations of spe-
cific terms are provided:

[0041] Addressable: Something that is capable of being
reliably and consistently located and identified, as in an
addressable location on an array.

II. Explanations of Terms

[0042] Array: An arrangement of molecules, particularly
biological macromolecules (such as polypeptides or nucleic
acids) or cell or tissue samples, in addressable locations on
or in a substrate. The array may be regular (arranged in
uniform rows and columns, for instance) or irregular. The
number of addressable locations on the array can vary, for
example from a few (such as three) to more than 50, 100,
200, 500, 1000, 10,000, or more. A “microarray” is an array
that is miniaturized so as to require or be aided by micro-
scopic examination for evaluation or analysis.

[0043] Within an array, each arrayed sample (feature) is
addressable, in that its location can be reliably and consis-
tently determined within the at least two dimensions of the
array. Thus, in ordered arrays the location of each sample is
assigned to the sample at the time when it is applied to the
array, and a key may be provided in order to correlate each
location with the appropriate target or feature position.
Often, ordered arrays are arranged in a symmetrical grid
pattern, but samples could be arranged in other patterns
(e.g., in radially distributed lines, spiral lines, or ordered
clusters). Addressable arrays usually are computer readable,
in that a computer can be programmed to correlate a
particular address on the array with information about the
sample at that position (e.g., hybridization or binding data,
including for instance signal intensity). In some examples of
computer readable formats, the individual features in the
array are arranged regularly, for instance in a Cartesian grid
pattern, which can be correlated to address information by a
computer.

[0044] The sample application location on an array (the
“feature”) may assume many different shapes. Thus, though
the term “spot” is used herein, it refers generally to a
localized placement of molecules or cells, and is not limited
to a round or substantially round region. For instance,
substantially square regions of application can be used with
arrays encompassed herein, as can be regions that are, for
example substantially rectangular, triangular, oval, irregular,
or another shape.

[0045] In certain example arrays, one or more features will
occur on the array a plurality of times (e.g., twice or more),
for instance to provide internal controls.
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[0046] Binding or interaction: An association between two
substances or molecules. For instance, arrays are used to
detect binding or other interaction of a labeled molecule
(termed a “probe” herein) with an immobilized target mol-
ecule in the array. A probe “binds” to a target molecule in a
feature on an array if, after incubation of the probe (usually
in solution or suspension) with or on the array (or a slice of
the array) for a period of time (usually 5 minutes or more,
for instance 10 minutes, 20 minutes, 30 minutes, 60 minutes,
90 minutes, 120 minutes or more), a detectable amount of
the probe associates with a feature of the array to such an
extent that it is not removed by being washed with a
relatively low stringency buffer. Appropriate buffers for
washing CryoArrays may be adapted based on the constitu-
ents of the features of the array, and for instance may be
those used in washing nucleic acid hybridization systems (e
., higher salt (such as 3xSSC or higher), room temperature
washes), protein interaction systems (e.g., 100 mM KCl),
and so forth. Washing can be carried out, for instance, at
room temperature, but other temperatures (either higher or
lower) can also be used.

[0047] Probes will bind target molecules to different
extents, and the term “bind” encompasses both relatively
weak and relatively strong interactions. Thus, some binding
will persist after the array is washed in a way that is
appropriate to remove the probe molecule, or a portion
thereof, such as the portion that is not specifically associated
with a molecule or component of the array. For instance in
a lower salt buffer (such as about 0.5 to about 1.5xSSC),
55-65° C. washes can be used for nucleic acid probes, or a
higher salt buffer (e.g., 500 mM or 1000 mM KCl, TBST)
for protein probes, and so forth.

[0048] Where the probe and target molecules are nucleic
acids, binding of the probe to a target can be discussed in
terms of the specific complementarity between the probe and
the target nucleic acid. Where either the probe or the target
is a protein, specificity of binding and binding affinity can be
discussed.

[0049] The term “binding characteristics of an array for a
particular probe” refers to the specific binding pattern that
forms between the probe and the array after excess (unbound
or not specifically bound) probe is washed away. This
pattern (which may contain no positive signals, some or all
positive signals, and will likely have signals of differing
relative intensity) conveys information about the binding
affinity of that probe for molecules within the spots of the
array, and can be de-coded by reference to the key of the
array (which lists the addresses of the spots on the array
surface). The relative intensity of the binding signals from
individual features in many embodiments is indicative of the
relative level in a particular feature on the array of the target
that binds to or interacts with the probe. Quantification of the
binding pattern of an array/probe combination (under par-
ticular probing conditions) can be carried out using any of
several existing techniques, including scanning the signals
into a computer for calculation of relative density of each
spot.

[0050] cDNA: A DNA molecule lacking internal, non-
coding segments (introns) and regulatory sequences which
determine transcription. cDNA molecules may be synthe-
sized in the laboratory by reverse transcription from mes-
senger RNA extracted from cells.
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[0051] Comparative Genomic Hybridization (CGH): A
technique of differential labeling of test DNA and normal
reference DNA, which are hybridized simultaneously to
chromosome spreads, as described in Kallioniemi et al.,
Science 258:818-821, 1992, which is incorporated by refer-
ence.

[0052] CryoArray: An array of samples, such as biological
samples, placed into a block of substrate (such as embedding
compound) at addressable locations, which loaded block is
then sliced (sectioned) to produce a plurality of sequential
cryosections, each containing a portion of the samples in the
block. The samples “freeze” into the block of substrate, such
that the loaded block can be sectioned and will maintain the
portions of sample in addressable locations that correlate to
the locations of the samples in the loaded block. Examples
of CryoArrays include protein CryoArrays (in which the
samples contain one or more known or unknown proteins),
and nucleic acid CryoArrays (in which the samples contain
one or more known or unknown nucleic acids). Additional
non-limiting examples of CryoArrays are discussed herein.

[0053] Insome embodiments, CryoArrays are constructed
as a block containing substantially columnar samples con-
tained in wells in the block. Once one or more samples are
loaded into wells in the cryoblock, it (the block) can be
sliced (sectioned) to provide a plurality of identical or
substantially identical individual arrays. The individual
arrays can be used for parallel analysis of the same set of
array features, for instance with different probes or under
different conditions on different slices from the same array
block. In order to maintain substantially similar feature size
and placement on sequential cryosections from a single
cryoblock, the wells in the block may be formed perpen-
dicular to the surface from which sections are removed.
However other configurations of the array are possible. For
example, the columns may be non-parallel to each other, but
will vary in a predictable relationship to one another, such
that the position at which each column intersects a section
can be predicted. Similarly, the cryosections optionally can
be made at an angle other than parallel to the face of the
array block.

[0054] The shape of the CryoArray substrate itself is
essentially immaterial, though it is usually substantially flat
on at least one side and examples are rectangular or square
in general shape. For instance, CryoArray blocks that are
cylindrical are envisioned, wherein the elongated axis of the
sample wells runs approximately parallel to the axis of the
cylinder.

[0055] DNA (deoxyribonucleic acid): DNAis a long chain
polymer that contains the genetic material of most living
organisms (the genes of some viruses are made of ribo-
nucleic acid (RNA)). The repeating units in DNA polymers
are four different nucleotides, each of which includes one of
the four bases (adenine, guanine, cytosine, and thymine)
bound to a deoxyribose sugar to which a phosphate group is
attached. Triplets of nucleotides (referred to as codons) code
for each amino acid in a polypeptide, or for a stop signal.
The term “codon” is also used for the corresponding (and
complementary) sequences of three nucleotides in the
mRNA into which the DNA sequence is transcribed.

[0056] EST (Expressed Sequence Tag): A partial DNA or
cDNA sequence, typically of between 200 and 2000 sequen-
tial nucleotides, obtained from a genomic or cDNA library,
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prepared from a selected cell, cell type, tissue or tissue type,
organ or organism, which corresponds to an mRNA of a
gene found in that library. An EST is generally a DNA
molecule sequenced from and shorter than the cDNA from
which it is obtained.

[0057] Freezing: The term “freezing” and “frozen” as they
are used herein refers to the solidification of a liquid or fluid
sample, to a point of solidity (rigidity) sufficient that it can
be sectioned or sliced. Freezing usually occurs at a tempera-
ture at or below the freezing temperature of water, but where
the sample contains constituents other than water, the “freez-
ing” (solidification) point may be substantially different
from 0° C.

[0058] Fluorophore: A chemical compound, which when
excited by exposure to a particular wavelength of light,
emits light (i.e., fluoresces), for example at a different
wavelength. Fluorophores can be described in terms of their
emission profile, or “color.” Green fluorophores, for
example Cy3, FITC, and Oregon Green, are characterized by
their emission at wavelengths generally in the range of
515-540%.. Red fluorophores, for example Texas Red, Cy5
and tetramethylrhodamine, are characterized by their emis-
sion at wavelengths generally in the range of 590-690}..

[0059] Examples of specific fluorophores are provided in
U.S. Pat. No. 5,866,366 to Nazarenko et al., and include for
instance: 4-acetamido-4'-isothiocyanatostilbene-2,2'-disul-
fonic acid, acridine and derivatives such as acridine and
acridine isothiocyanate, 5-(2'-aminoethyl)aminonaphtha-
lene-1-sulfonic acid (EDANS), 4-amino-N-[3-vinylsulfo-
nyl)phenyl]naphthalimide-3,5 disulfonate (Lucifer Yellow
VS), N-(4-anilino-1-naphthyl)maleimide, anthranilamide,
Brilliant Yellow, coumarin and derivatives such as cou-
marin, 7-amino-4-methylcoumarin (AMC, Coumarin 120),
7-amino-4-trifluoromethylcouluarin -~ (Coumaran  151);
cyanosine; 4',6-diaminidino-2-phenylindole (DAPI); 5',5"-
dibromopyrogallol-sulfonephthalein (Bromopyrogallol
Red); 7-diethylamino-3-(4'-isothiocyanatophenyl)-4-meth-
ylcoumarin; diethylenetriamine pentaacetate; 4,4'-diisothio-
cyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-diisothio-
cyanatostilbene-2,2'-disulfonic  acid; 5-[dimethylamino]
naphthalene-1-sulfonyl chloride (DNS, dansyl chloride);
4-(4'-dimethylaminophenylazo)benzoic acid (DABCYL);
4-dimethylaminophenylazophenyl-4'-isothiocyanate

(DABITC); eosin and derivatives such as eosin and eosin
isothiocyanate; erythrosin and derivatives such as erythrosin
B and erythrosin isothiocyanate; ethidium; fluorescein and
derivatives such as 5-carboxyfluorescein (FAM), 5-(4,6-
dichlorotriazin-2-yl)aminofluorescein (DTAF), 2'7'-
dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE), fluo-
rescein, fluorescein isothiocyanate (FITC), and QFITC
(XRITC); fluorescamine; IR144; IR1446; Malachite Green
isothiocyanate; 4-methylumbelliferone; ortho cresolphtha-
lein; nitrotyrosine; pararosaniline; Phenol Red; B-phyco-
erythrin; o-phthaldialdehyde; pyrene and derivatives such as
pyrene, pyrene butyrate and succinimidyl 1-pyrene butyrate;
Reactive Red 4 (Cibacron .RTM. Brilliant Red 3B-A);
rhodamine and derivatives such as 6-carboxy-X-rhodamine
(ROX), 6-carboxyrhodamine (R6G), lissamine rhodamine B
sulfonyl chloride, rhodamine (Rhod), rhodamine B,
rhodamine 123, rhodamine X isothiocyanate, sulfor-
hodamine B, sulforhodamine 101 and sulfonyl chloride
derivative of sulforhodamine 101 (Texas Red); N,N,N',N'-
tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyl
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rhodamine; tetramethyl rhodamine isothiocyanate (TRITC);
riboflavin; rosolic acid and terbium chelate derivatives.

[0060] Other suitable fluorophores include GFP (green
fluorescent protein) and variants and derivatives thereof,
Lissamine™, diethylaminocoumarin, fluorescein chlorotri-
azinyl, naphthofluorescein, 4,7-dichlororhodamine and xan-
thene and derivatives thereof. Other fluorophores known to
those skilled in the art may also be used in the methods
described herein.

[0061] High-throughput Genomics: Application of
genomic or genetic data or analysis techniques that use
(micro)arrays or other genomic technologies to rapidly
identify large numbers of genes or proteins, or distinguish
their structure, expression or function from normal or abnor-
mal cells or tissues.

[0062] Human Cells: Cells obtained from a member of the
species Homo sapiens. The cells can be obtained from any
source, for example peripheral blood, urine, saliva, tissue
biopsy, surgical specimen, amniocentesis samples and
autopsy material. From these cells, genomic DNA, cDNA,
mRNA, RNA, and/or protein can be isolated.

[0063] Hybridization: Nucleic acid molecules that are
complementary to each other hybridize by hydrogen bond-
ing, which includes Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding between complementary
nucleotide units. For example, adenine and thymine are
complementary nucleobases that pair through formation of
hydrogen bonds. “Complementary” refers to sequence
complementarity between two nucleotide units. For
example, if a nucleotide unit at a certain position of an
oligonucleotide is capable of hydrogen bonding with a
nucleotide unit at the same position of a DNA or RNA
molecule, then the oligonucleotides are complementary to
each other at that position. The oligonucleotide and the DNA
or RNA are complementary to each other when a sufficient
number of corresponding positions in each molecule are
occupied by nucleotide units which can hydrogen bond with
each other.

[0064] “Specifically hybridizable” and “complementary”
are terms that indicate a sufficient degree of complementa-
rity such that stable and specific binding occurs between the
oligonucleotide and the DNA or RNA target. An oligonucle-
otide need not be 100% complementary to its target DNA
sequence to be specifically hybridizable. An oligonucleotide
is specifically hybridizable when binding of the oligonucle-
otide to the target DNA or RNA molecule interferes with the
normal function of the target DNA or RNA, and there is a
sufficient degree of complementarity to avoid non-specific
binding of the oligonucleotide to non-target sequences under
conditions in which specific binding is desired, for example
under physiological conditions in the case of in vivo assays,
or under conditions in which the assays are performed.

[0065] Hybridization conditions resulting in particular
degrees of stringency will vary depending upon the nature of
the hybridization method of choice and the composition and
length of the hybridizing DNA used. Generally, the tem-
perature of hybridization and the ionic strength (especially
the Na* concentration) of the hybridization buffer will
determine the stringency of hybridization. Calculations
regarding hybridization conditions required for attaining
particular degrees of stringency are discussed by Sambrook



US 2003/0054342 Al

et al., chapters 9 and 11 (Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor, New York, 1989), incorpo-
rated herein by reference.

[0066] Stringent conditions may be defined as those under
which DNA molecules with more than 25%, 15%, 10%, 6%
or 2% sequence variation (also termed “mismatch”) will not
hybridize. Stringent conditions are sequence dependent and
are different in different circumstances. Longer sequences
hybridize specifically at higher temperatures. Generally,
stringent conditions are selected to be about 5° C. lower than
the thermal melting point T, for the specific sequence at a
defined ionic strength and pH. An example of stringent
conditions is a salt concentration of at least about 0.01 to 1.0
M Na+ ion concentration (or other salts) at pH 7.0 to 8.3 and
a temperature of at least about 30° C. for short probes (e.g.
10 to 50 nucleotides). Stringent conditions can also be
achieved with the addition of destabilizing agents such as
formamide. For example, conditions of 5xSSPE (750 mM
NaCl, 50 mM sodium phosphate, 5 mM EDTA, pH 7.4) and
a temperature of 25-30° C. are suitable for allele-specific
probe hybridizations.

[0067] In those embodiments wherein one or more of the
samples on the array comprise whole cells, in situ hybrid-
ization approaches may be appropriate. Such methods are
well known to those of ordinary skill in the relevant fields.
In addition, in such embodiments methods can be employed
to lyse the cells prior to probing the array, to facilitate access
of the probe molecule(s) to the constituents of the cells in the
samples.

[0068] Isolated: An “isolated” biological component (such
as a nucleic acid molecule, protein or organelle) has been
substantially separated or purified away from other biologi-
cal components in the cell of the organism in which the
component naturally occurs, i.e., other chromosomal and
extra-chromosomal DNA and RNA, proteins and organelles,
or from other components in the reaction mixture used to
generate the molecule (if it is synthesized in vitro). Nucleic
acids and proteins that have been “isolated” include nucleic
acids and proteins purified by standard purification methods.
The term embraces nucleic acids and proteins prepared by
recombinant expression in a host cell as well as chemically
synthesized molecules.

[0069] Label: Detectable marker or reporter molecules,
which can be attached to nucleic acids, for example probe
molecules. Typical labels include fluorophores, radioactive
isotopes, ligands, chemiluminescent agents, metal sols and
colloids, and enzymes. Methods for labeling and guidance in
the choice of labels useful for various purposes are dis-
cussed, e.g., in Sambrook et al., in Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press
(1989) and Ausubel et al., in Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley-Inter-
sciences (1987).

[0070] Malignant: A term describing cells that have the
properties of anaplasia, invasion and metastasis.

[0071] Neoplasia: Abnormal growth of cells, including
benign and malignant neoplasms.

[0072] Nucleic acid: A deoxyribonucleotide or ribonucle-
otide polymer in either single or double stranded form, and
unless otherwise limited, encompassing known analogues of
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natural nucleotides that hybridize to nucleic acids in a
manner similar to naturally-occurring nucleotides.

[0073] Nucleic acid array: An arrangement of nucleic
acids (such as DNA or RNA) in assigned or addressable, or
determinable locations on a matrix, such as that found in
cDNA or CGH arrays, or in examples of the herein described
CryoArrays.

[0074] Nucleic acid molecules representing genes: Any
nucleic acid, for example DNA, cDNA or RNA, of any
length suitable for use as a probe that is informative about
the corresponding gene.

[0075] Oligonucleotide: A linear single-stranded poly-
nucleotide sequence ranging in length from 2 to about
1,000,000 bases, for example a polynucleotide (such as
DNA or RNA) which is at least 6 nucleotides, for example
at least 15, 50, 100, 200, 1,000, 10,000 or even 1,000,000
nucleotides long. Oligonucleotides are often synthetic but
also can be produced from naturally occurring polynucle-
otides.

[0076] An oligonucleotide analog refers to moieties that
function similarly to oligonucleotides but have non-natu-
rally occurring portions. For example, oligonucleotide ana-
logs can contain non-naturally occurring or altered sugar
moieties or inter-sugar linkages, such as a phosphorothioate
oligodeoxynucleotide. Functional analogs of naturally
occurring polynucleotides can bind to RNA or DNA, and
include peptide nucleic acid (PNA) molecules. Such analog
molecules may also bind to or interact with polypeptides or
proteins.

[0077] Oligopeptide: A linear peptide molecule of about
100 or fewer amino acid residues.

[0078] Plant Cells: Cells obtained from any member of the
Plantae Kingdom, a category which includes, for example,
trees, flowering and non flowering plants, grasses, and
Arabidopsis. The cells can be obtained from any part of the
plant, for example roots, leaves, stems, or any flower part.
From these cells, nucleic acid and/or protein can be isolated.

[0079] Peptide Nucleic Acid (PNA): An oligonucleotide
analog with a backbone comprised of monomers coupled by
amide (peptide) bonds, such as amino acid monomers joined
by peptide bonds.

[0080] Pooled Arrays: In certain CryoArrays, referred to
as pooled arrays, at least one particular address on the array
is occupied by a pooled mixture of more than one substan-
tially pure target molecule, e.g., one or more pure polypep-
tide. All of the addresses on the array may contains pools of
molecules, or only some of the addresses, depending on the
use of the array. For instance, in some circumstances it may
be desirable to array a target polypeptide associated with one
or more non-target polypeptides, for instance a stabilizing
polypeptide or linker molecule. In addition, the native
conformation of certain binding sites on proteins can only be
assayed for probe binding when the target polypeptide is
associated with other molecules, for instance when the target
polypeptide natively exists as one subunit of a multimeric
complex, or when the protein occurs in complex with a
nucleic acid molecule.

[0081] Pooled arrays include those in which one or more
of the addresses contains a defined multimeric complex. In
the case of such an array, it is envisioned that different probe
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molecules may bind to different molecules (e.g., polypep-
tides) within the complex that is the “target.”

[0082] Although the identity of each probe in the pooled
mixture at a specific address is usually known, the individual
probes in the pool are not technically “separately address-
able.” The binding signal from a pooled address is the
binding signal of the set of different (but mixed or associ-
ated) molecules occupying that address. In general, an
address is considered to display binding of a probe molecule
if at least one molecule occupying the address binds to or
interacts with the probe molecule.

[0083] Arraying pooled samples is also a powerful tool in
high-throughput technologies for increasing the information
that is yielded each time the array is assayed.

[0084] Probe: A molecule that may bind to or interact with
one or more targets (e.g., biological macromolecules or
cells). A probe, as the term is used herein, can be any
molecule that is used to challenge (“probe,”“assay,”“inter-
rogate” or “screen”) a CryoArray in order to determine the
binding, activity, or interaction characteristics of the arrayed

target(s) with that probe molecule.

[0085] In specific embodiments, probes may be from
different and varied molecular classes. Such classes are, for,
instance, nucleic acids (such as single or double stranded
DNA or RNA), oligo- or polypeptides (such as proteins, for
instance antibodies, protein fragments including domains or
sub-domains, and mutants or variants of naturally occurring
proteins), or various types of other potential polypeptide-
binding molecules. Such other molecules are referred to
herein generally as ligands (such as drugs, toxins, venoms,
hormones, co-factors, substrates or reaction products of
enzymatic reactions or analogs thereof, transition state ana-
logs, minerals, salts, and so forth).

[0086] The term probe, as used herein, also encompasses
substrates and/or assays systems used to assess the activity
of a target within a feature of the array. Thus, it is contem-
plated that CryoArray sections can be assayed for the
activity of a protein in one or more features using a probe
that is a substrate of that protein (which substrate may
contain a label, as discussed herein), or a probe that is a
reporter system that interacts with the target protein to
produce a detectable signal. Similarly, in some embodiments
where cells (e.g., bacterial or yeast cells) form the features,
some probes are assay systems upon which the cells (or
constituents within the cells) perform a biological reaction,
which reaction produces a detectable signal. For instance, if
the cells in the array have been transformed with a construct
that may express a gene from a reporter system (e.g., the
B-gal system or another such research system), then the
components of the reporter system would form a probe
useful in assaying the array to detect expression.

[0087] Usually, a probe molecule for use in probing a
CryoArray is detectable or produces a detectable product.
Probes can be detectable based on their inherent character-
istics (e.g., immunogenicity, color, fluorescence) or can be
rendered detectable by being labeled with an independently
detectable tag or label. The tag may be any recognizable
feature that is, for example, microscopically distinguishable
in shape, size, color, optical density, etc.; differently absorb-
ing or emitting of light; chemically reactive; magnetically or
electronically encoded; or in some other way detectable.
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Specific examples of tags are fluorescent or luminescent
molecules that are attached to the probe, or radioactive
monomers or molecules that can be added during or after
synthesis of the probe molecule. Other tags may be immu-
nogenic sequences (such as epitope tags) or molecules of
known binding pairs (such as members of the strept/avid-
in:biotin system). Additional tags and detection systems are
known to those of skill in the art, and can be used in the
disclosed methods.

[0088] Though in many embodiments of the invention a
single type of probe molecule (for instance one protein) at a
time will be used to assay the array, in some embodiments,
mixtures of probes will be used, for instance mixtures of two
proteins or two nucleic acid molecules. Such co-applied
probes may be labeled with different tags, such that they can
be simultaneously detected as different signals (e.g., two
fluorophores that emit at different wavelengths, or two gold
particles of different sizes).

[0089] In specific embodiments, one of these co-applied
probes will be a control probe (or probe standard), which is
designed to hybridize to a known and expected sequence in
one or more of the spots on the array.

[0090] In some provided examples of CryoArrays and
methods of probing them, the probe is a heterogeneous
mixture, for instance a heterogeneous mixture of nucleic
acid molecules or proteins. For instance, a probe may be a
pool of cDNA or other nucleic acid molecules, likely
labeled. This type of probe can be used to assay a nucleic
acid-based CryoArray that contains individual nucleic acid
molecules much as a traditional cDNA array is assayed;
signal at a specific locus indicates that the pooled probe
(which may be reflective of expression levels in a cell
sample) contains nucleic acids corresponding to the target
molecule at that locus. Similarly, a pool of proteins (for
instance, a protein preparation from a cell sample) can be
used as a probe to assay a CryoArray that contains known
proteins (e.g., known antibodies or other proteins), and
signal at a locus on the array interpreted as an indication that
the pool contains one or more proteins that interact with the
target in that locus (e.g., contains an antigen the target
antibody at that locus has affinity for).

[0091] In specific embodiments, probes may be single or
double stranded nucleic acid, but will often be single-
stranded DNA or RNA. In specific embodiments, the probe
will be single, positive-strand nucleic acid, particularly in
those embodiments wherein the mixtures of nucleic acids
immobilized on the array include cDNA molecules.

[0092] Probe standard: A probe molecule for use as a
control in analyzing an array. Positive probe standards
include any probes that are known to interact with at least
one of the targets of the array. Negative probe standards
include any probes that are known not to specifically interact
with at least one target of the array. Probe standards that may
be used in any one system include molecules of the same
class as the test probe that will be used to assay the array. For
instance, if the array will be used to examine the interaction
of a protein with polypeptides in the array, the probe
standard can be a protein or oligo-or polypeptide.

[0093] In some examples of CryoArrays, for instance
certain arrays that contain mixtures of nucleic acids in the
features, a control probe sequence can be designed to
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hybridize with a so-called “housekeeping” gene. For
instance, the housekeeping gene is one which is known or
suspected to maintain a relatively constant expression level
(or at least known to be expressed) in a plurality of cells,
tissues, or conditions. Many of such “housekeeping” genes
are well known; specific examples include histones, [3-actin,
or ribosomal subunits (either mRNA encoding for ribosomal
proteins or IRNAs). Housekeeping genes can be specific for
the cell type being assayed, or the species or Kingdom from
which sample used in the array features has been produced.
For instance, ribulose bis-phosphate carboxylase oxygenase
(RuBisCO), an enzyme involved in plant metabolism, may
provide useful positive control probes for use with arrays if
the nucleic acid mixtures arrayed have been derived from
plant cells or tissues. Likewise, probes from the RuBisCO
sequence (or any other plant-specific sequence) could pro-
vide good negative controls for gene profiling array spots
that include animal-derived samples.

[0094] Additional controls for specific embodiments are
discussed below.

[0095] In some instances, as in certain of the kits that are
provided herein, a probe standard will be supplied that is
unlabeled. Such unlabeled probe standards can be used in a
labeling reaction as a standard for comparing labeling effi-
ciency of the test probe that is being studied. In some
embodiments, labeled probe standards will be provided in
the Kkits.

[0096] Probing: As used herein, the term “probing” refers
to incubating an array with a probe molecule (usually in
solution) in order to determine whether the probe molecule
will bind to, hybridize or otherwise interact with molecules
immobilized on the array. Synonyms include “interrogating,
”“challenging,”“screening” and “assaying” an array. Thus, a
CryoArray is said to be “probed” or “assayed” or “chal-
lenged” when it is incubated with a probe molecule (such as
a labeled or otherwise detectable polypeptide, nucleic acid
molecule, or ligand, or a positive, single-stranded and
detectable nucleic acid molecule that corresponds to a gene
of interest).

[0097] Protein/Polypeptide: A biological molecule
expressed by a gene or other encoding nucleic acid, and
comprised of amino acids. More generally, a polypeptide is
any linear chain of amino acids, usually about 50 or more
amino acid residues in length, regardless of post-transla-
tional modification (e.g., glycosylation or phosphorylation).

[0098] Examples of CryoArrays include a plurality of
polypeptide samples (targets) placed at addressable loca-
tions within an array substrate (e.g., a block of OCT embed-
ding material). The polypeptide at each location can be
referred to as a target polypeptide, or target polypeptide
sample.

[0099] In certain embodiments, polypeptides are depos-
ited into the array in a substantially native configuration,
such that at least a portion of the individual polypeptides
within the locus is in a native configuration. Such native
configuration-polypeptides are capable of binding to or
interacting with molecules in solution that are applied to the
surface of the array section in a manner that approximates
natural intra-or intermolecular interactions. Thus, binding of
a molecule in solution (for instance, a probe) to a target
polypeptide immobilized in an array will be indicative of the
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likelihood of such interactions in the natural situation (ie.,
within a cell). In some embodiments the polypeptides in
features of a CryoArray retain function and therefore can be
assayed for an activity.

[0100] One of the benefits of the provided system of
protein analysis using CryoArrays is maintaining samples,
particularly protein samples, at or below freezing during the
preparation of the cryoblock and cryosections.

[0101] Protein purification: Polypeptides for use in the
present invention can be purified by any of the means known
in the art. See, e.g., Guide to Protein Purification, ed.
Deutscher, Meth. Enzymol. 185, Academic Press, San Diego,
1990; and Scopes, Protein Purification: Principles and
Practice, Springer Verlag, New York, 1982.

[0102] Proteomics: Global, whole-cell analysis of gene
expression at the protein level, yielding a protein profile for
a given cell or tissue. The comparison of two protein profiles
(proteomes) from cells that have been differently treated (or
that are otherwise different, for instance genetically) pro-
vides information on the effects the treatment or condition
(or other difference) has on protein expression and modifi-
cation. Subproteomics is analysis of the protein profile of a
portion a cell, for instance of an organelle or a protein
complex. Thus, a mitochondrial proteome is the profile of
the protein expression content of a mitochondrion under
certain conditions. Proteomic analysis is increasingly be
performed using peptide and protein arrays; such arrays are
reviewed in Emili and Cagney (Nat. Biotech. 18:393-397,
2000).

[0103] Purified: The term purified does not require abso-
lute purity; rather, it is intended as a relative term. Thus, for
example, a purified nucleic acid preparation is one in which
the specified nucleic acid is more enriched than the nucleic
acid is in its generative environment, for instance within a
cell or in a biochemical reaction chamber. A preparation of
substantially pure nucleic acid may be purified such that the
desired nucleic acid represents at least 50% of the total
nucleic acid content of the preparation. In certain embodi-
ments, a substantially pure nucleic acid will represent at
least 60%, at least 70%, at least 80%, at least 85%;, at least
90%, or at least 95% or more of the total nucleic acid content
of the preparation. Similarly, a preparation of substantially
pure protein may be purified such that the desired protein
represents at least 50% of the total protein content of the
preparation. In certain embodiments, a substantially pure
protein will represent at least 60%, at least 70%, at least
80%, at least 85%, at least 90%, or at least 95% or more of
the total protein content of the preparation.

[0104] Recombinant: A recombinant nucleic acid is one
that has a sequence that is not naturally occurring or has a
sequence that is made by an artificial combination of two
otherwise separated segments of sequence. This artificial
combination can be accomplished by chemical synthesis or,
more commonly, by the artificial manipulation of isolated
segments of nucleic acids, e.g., by genetic engineering
techniques.

[0105] RNA: A typically linear polymer of ribonucleic
acid monomers, linked by phosphodiester bonds. Naturally
occurring RNA molecules fall into three classes, messenger
(mRNA, which encode proteins), ribosomal (fRNA, com-
ponents of ribosomes), and transfer (tRNA, molecules
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responsible for transferring amino acid monomers to the
ribosome during protein synthesis). Total RNA refers to a
heterogeneous mixture of all three types of RNA molecules.

[0106] Serial Analysis of Gene Expression (SAGE): A
method that uses short sequence tags to allow the quantita-
tive and simultaneous analysis of a large number of tran-
scripts in tissue, as described in Velculescu et al., Science
270:484-487, 1995, which is incorporated by reference.

[0107] Stripping: Bound probe molecules can be stripped
from an array, for instance a protein CryoArray, in order to
use the same array for another probe interaction analysis
(e.g., to determine the level of a different protein in the
arrayed samples, particularly where the arrayed samples
contain mixtures of proteins). Any process that will remove
substantially all of the first probe molecule from the array,
without also significantly removing the immobilized nucleic
acid mixtures of the array, can be used. By way of example
only, one method for stripping a protein array is by washing
it in stripping buffer (e.g., 1 M (NH,),SO, and 1 M urea), for
instance at room temperature for about 30-60 minutes. By
way of example only, one method for stripping an array
containing nucleic acids is by boiling it in stripping buffer
(e.g., very low or no salt with 0.1% SDS), for instance for
about an hour or more. Usually, the stripped array will be
equilibrated, for instance in a low stringency wash buffer,
prior to incubation with another probe molecule.

[0108] Subject: Living, multicellular vertebrate organ-
isms, a category that includes both human and veterinary
subjects, for example, mammals, birds, and primates.

[0109] Target: As used herein, individual molecules, cells,
or mixtures that are placed in to a CryoArray are referred to
as targets. Targets on a single array can be derived from
several to thousands of different samples, such as cell or
tissue types (more generally, from a plurality of specimens).
In certain embodiments of the arrays and methods described
herein, the target feature on the array contains a heteroge-
neous mixture of molecules that proportionately reflects the
levels of the starting (source) material from which the
molecules are derived; such arrays can be used to compara-
tively examine the level of constituents in an array feature.
Thus, in specific examples, the features of the array contain
mRNA or mRNA-derived molecules (e.g., aRNA, cRNA or
¢DNA) that are present in proportionate amounts to the
nucleic acids they represent in the starting sample (e.g.,
tissue) from which the mRNA was extracted to generate the
feature. Similarly, some arrays will include features that
contain heterogeneous mixtures of proteins that reflect the
levels (e.g., proportionate levels) of those proteins in a
starting material, such as a tissue sample.

[0110] In general, a target on the array is discrete, in that
signals from that target can be distinguished from signals of
neighboring targets, either by the naked eye (macroarrays)
or by scanning or reading by a piece of equipment or with
the assistance of a microscope (microarrays).

[0111] Tumor: A neoplasm that may be either malignant or
non-malignant. “Tumors of the same tissue type” refers to
primary tumors originating in a particular organ (such as
breast, prostate, bladder or lung). Tumors of the same tissue
type may be divided into tumors of different sub-types (a
classic example being bronchogenic carcinomas (lung
tumors), which can be an adenocarcinoma, small cell, squa-
mous cell, or large cell tumor).
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[0112] Unless otherwise explained, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
this invention belongs. The singular terms “a,”an,” and
“the” include plural references unless context clearly indi-
cates otherwise, and the term “comprising” means “includ-
ing.” It is further to be understood that all base sizes or
amino acid sizes, and all molecular weight or molecular
mass values, given for nucleic acids or polypeptides are
approximate, and are provided for description. Although
methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the
present invention, suitable methods and materials are
described below. All publications, patent applications, pat-
ents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present
specification, including explanations of terms, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

[0113]

[0114] In one embodiment, this disclosure provides meth-
ods of making a CryoArray, which methods involve provid-
ing a substrate (e.g., a gel, such as an embedding compound)
having a plurality of sample wells, placing one or more
liquid samples in one or more of the sample wells (usually
one sample per well), then freezing the samples in the
sample wells to produce a loaded array. This loaded array
can then be section into a plurality of cryosections such that
the samples are at addressable locations in the cryosections.

[0115] In specific examples of such methods, the substrate
is maintained at or below freezing while the samples are
placed in the sample wells and frozen. In some of the
provided methods, the samples are bonded to the substrate
when the samples are frozen.

[0116] In various examples of the provided methods of
making CryoArrays, the samples contain an acellular bio-
logical substance (for instance, a protein, a nucleic acid, a
lipid, a carbohydrate, or a mixture of two or more of these
substances), a suspension of cells (for instance, animal cells,
plant cells, protist cells, bacterial cells, or fungal cells, or
mixtures thereof), a suspension of viruses, a biological fluid
(e.g., blood, a blood product, urine, sweat, tears, saliva, spit,
an amniocentesis sample, semen, or mucous), or an envi-
ronmental sample.

[0117] In some provided embodiments, the sample wells
are elongated and substantially parallel to each other, and
they may be oriented substantially transverse to opposing
surfaces of the substrate.

[0118] Also provided are CryoArrays (either loaded with
sample or “blank” blocks, containing sample wells but no
samples or an incomplete sample set) made using the
described methods, and individual cryosections cut from
such CryoArrays.

III. Overview of Several Embodiments

[0119] Other embodiments provide methods of parallel
analysis of samples, such as biological samples (e.g., a
protein, a mixture of proteins, a nucleic acid, a mixture of
nucleic acids, a cell, a virus, or a biological fluid). Examples
of these methods involve obtaining a plurality of (biological)
samples, and placing each in an addressable location in a
recipient array (for instance, a blank CryoArray) to produce
a loaded array. In specific embodiments, particularly where






















































