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(57) 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 
CryoArrays, and kits. 
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MEASUREMENTS OF MULTIPLE 
MOLECULES USING A CRYOARRAY 

PRIORITY CLAIM 

This claims the bene?t of US. Provisional Patent Appli 
cation No. 60/316,544, ?led Aug. 31, 2001, Which is incor 
porated by reference herein in its entirety. 

FIELD 

This disclosure relates to medium to high-throughput 
methods for molecule analysis, particularly parallel mea 
surement of nucleic acids, proteins, and antibodies using a 
cryoarray. 

BACKGROUND OF THE DISCLOSURE 

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 
con?rmed 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). 
NeW techniques are being used to study cellular protein 

expression and function. For example, tissue arrays con 
structed to hold hundreds of tissue pro?les from normal and 
diseased tissues can be sectioned, With each section being 
used to evaluate a different disease marker by immunohis 
tochemical staining. This technique requires solid tissue 
samples, and antibodies that bind to formalin-?xed paraf?n 
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 
dif?cult to ensure that even one glomerulus is contained 
Within each sample. 
Many techniques have been developed to study protein 

expression; hoWever, they require expensive equipment 
(2-D mass spectroscopy, Ideker et al., Science 292:929—934, 
2001; Ciphergen ProteinChip; Weinberger et al., Pharma 
cogen. 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 

This disclosure provides methods of making and using 
CryoArrays, arrays of biological samples (such as nucleic 
acids, proteins, cells, cell fragments, viruses, and biological 
?uids) 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 elongated axis 
of the samples, to provide a plurality of corresponding arrays 
(cryosections), for example identical or substantially iden 
tical individual arrays. 

Production of many corresponding or substantially iden 
tical CryoArray sections is simple, relatively inexpensive, 
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2 
ef?ciently 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. 

Speci?c examples and classes of CryoArrays are 
provided, including protein-based CryoArrays, nucleic acid 
based CryoArrays, cell-based CryoArrays, delivery 
CryoArrays, virus-based CryoArrays, and sample-based 
CryoArrays. Methods of making and using these classes of 
arrays are described herein. 

The foregoing and other features and advantages Will 
become more apparent from the folloWing detailed descrip 
tion and accompanying draWings. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs a schematic draWing of an example CryoAr 
ray 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. 

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. 

FIG. 3 shoWs a schematic overvieW of the construction of 
a CryoArray, and cutting and removing of three individual 
sections from the array block. 

FIG. 4 is a schematic outline shoWing construction and 
probing (With a labeled probe) of a CryoArray Wherein 
tWo signal intensities are detected. 

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

FIG. 5A shoWs an aluminum 12><19><12 mm mold ?lled 
With OCT embedding compound, With a 5x5 array of 
needles positioned above the cryoblock. 

FIG. 5B shoWs a CryoArray block With sample Wells, 
after the needle array has been removed. 

FIG. 5C shoWs a CryoArray block being ?lled With a 
gelatin-based sample. 

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. 

FIG. 6 shoWs a series of images of proteins detected from 
CryoArrays; the series illustrates optimiZation of bonding 
sample to a cryoblock. Cryoblocks Were ?lled With either 
?uorescently labeled IgG (FIG. 6A) or recombinant PSA 
(FIG. 6B, FIG. 6C, and FIG. 6D), and samples detected by 
either ?uorescence (FIG. 67A) or immunohistochemistry 
(FIG. 67B, FIG. 6C, and FIG. 6D). 

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 ?uorescent labeled protein that transferred to the 
membrane is shoWn, rather than the array itself. 

FIG. 6B shoWs the signals produced When samples con 
taining sucrose are loaded into the cryoblock. 

FIG. 6C shoWs the signals produced When samples con 
taining both sucrose and gelatin are loaded into the cryob 
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lock. Key: roW 1, 0.5 ng/nl recombinant PSA; roW 2, 0.1 
ng/nl; roW 3, 0.02 ng/nl; roW 4, 0.004 ng/nl; roW “BSA,” 
BSA rather than PSA as a negative control. 

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). 

FIG. 7 shoWs protein transferred to three different capture 
membranes. A CryoArray block Was ?lled With 0.5 
pg/nl—0.5 ng/nl of recombinant human PSA. Sequential 10 
pm sections Were removed and transferred using Scotch tape 
to (FIG. 7A) Trans-blot membrane, (FIG. 7B) Enhancer 
membrane, and (FIG. 8C) FASTTM slides. The signal of the 
transferred protein Was detected using a gel documentation 
system. 

FIG. 8 illustrates the reproducibility of signals from 
individual cryosections of a CryoArray, using ?uorescent 
labeled IgG. Sample Wells Were ?lled With ?uorescent 
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. 

FIG. 8A shoWs the ?uorescent signals from four sequen 
tial cryosections; the level of signal from the Wells desig 
nated 1A through 1E are shoWn in FIG. 8B for each of the 
four sections. 

FIG. 9 illustrates the linearity of signal detected from 
features of a CryoArray, using ?uorescently-labeled IgG. 
Sample Wells Were ?lled With 0.03—0.4 mg/ml ?uorescently 
labeled IgG, and signal (FIG. 9A) detected using a gel 
documentation system. The relative ?uorescent signals 
(arbitrary units) from individual features at the indicated 
concentrations of ?uorescently-labeled IgG are shoWn in 
FIG. 9B. 

DETAILED DESCRIPTION 
. Abbreviations 

cDNA: complementary DNA 
CGH: comparative genomic hybridiZation 
DNA: deoxyribonucleic acid 
EST: expressed sequence tag 
LCM: laser capture microdissection 
OCT: optimal cutting temperature (embedding 

compound) 
PSA: prostate speci?c antigen 
SAGE: serial analysis of gene expression 
TBST: Tris-buffered saline With Tween-20 

II. Explanations of Terms 
Unless otherWise noted, technical terms are used accord 

ing to conventional usage. De?nitions 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 Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate revieW of the various embodiments of 
the invention, the folloWing explanations of speci?c terms 
are provided: 

Addressable: Something that is capable of being reliably 
and consistently located and identi?ed, as in an addressable 
location on an array. 

Array: An arrangement of molecules, particularly biologi 
cal macromolecules (such as polypeptides or nucleic acids) 
or cell or tissue samples, in addressable locations on or in a 
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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 microscopic 
examination for evaluation or analysis. 

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. 
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. 

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. 

Binding or interaction: An association betWeen tWo sub 
stances 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 molecule in the 
array. Aprobe “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 CryoAr 
rays may be adapted based on the constituents of the features 
of the array, and for instance may be those used in Washing 
nucleic acid hybridiZation systems (e g., higher salt (such as 
3><SSC or higher), room temperature Washes), protein inter 
action 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. 

Probes Will bind target molecules to different extents, and 
the term “bind” encompasses both relatively Weak and 
relatively strong interactions. Thus, some binding Will per 
sist 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 speci?cally associated With a molecule or 
component of the array. For instance in a loWer salt buffer 
(such as about 0.5 to about 1.5><SSC), 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. 
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Where the probe and target molecules are nucleic acids, 
binding of the probe to a target can be discussed in terms of 
the speci?c complementarity betWeen the probe and the 
target nucleic acid. Where either the probe or the target is a 
protein, speci?city of binding and binding af?nity can be 
discussed. 

The term “binding characteristics of an array for a par 
ticular probe” refers to the speci?c binding pattern that 
forms betWeen the probe and the array after excess (unbound 
or not speci?cally 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 
af?nity 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. Quanti?cation 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. 
cDNA: A DNA molecule lacking internal, non-coding 

segments (introns) and regulatory sequences Which deter 
mine transcription. cDNA molecules may be synthesized in 
the laboratory by reverse transcription from messenger RNA 
extracted from cells. 

Comparative Genomic Hybridization (CGH): Atechnique 
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 reference. 

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. 

In some embodiments, CryoArrays are constructed as a 
block containing substantially columnar samples contained 
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 perpendicular to the surface from 
Which sections are removed. HoWever other con?gurations 
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. 
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6 
The shape of the CryoArray substrate itself is essentially 

immaterial, though it is usually substantially ?at 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. 
DNA (deoxyribonucleic acid): DNA is 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. 
EST (Expressed Sequence Tag): A partial DNA or cDNA 

sequence, typically of betWeen 200 and 2000 sequential 
nucleotides, obtained from a genomic or cDNA library, 
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. 

Freezing: The term “freezing” and “frozen” as they are 
used herein refers to the solidi?cation of a liquid or ?uid 
sample, to a point of solidity (rigidity) suf?cient 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” (solidi?cation) point may be substantially different 
from 0° C. 

Fluorophore: A chemical compound, Which When excited 
by exposure to a particular Wavelength of light, emits light 
(i.e., ?uoresces), for example at a different Wavelength. 
Fluorophores can be described in terms of their emission 
pro?le, or “color.” Green ?uorophores, for example Cy3, 
FITC, and Oregon Green, are characterized by their emis 
sion at Wavelengths generally in the range of 515—5407». Red 
?uorophores, for example Texas Red, Cy5 and 
tetramethylrhodamine, are characterized by their emission at 
Wavelengths generally in the range of 590—6907». 

Examples of speci?c ?uorophores are provided in US. 
Pat. No. 5,866,366 to Nazarenko et al., and include for 
instance: 4-acetamido-4‘-isothiocyanatostilbene-2,2‘ 
disulfonic acid, acridine and derivatives such as acridine and 
acridine isothiocyanate, 5-(2‘-aminoethyl) 
aminonaphthalene-1-sulfonic acid (EDANS), 4-amino-N 
[3-vinylsulfonyl)phenyl]naphthalimide-3,5 disulfonate 
(Lucifer YelloW VS), N-(4-anilino-1-naphthyl)maleimide, 
anthranilamide, Brilliant YelloW, coumarin and derivatives 
such as coumarin, 7-amino-4-methylcoumarin (AMC, Cou 
marin 120), 7-amino-4-tri?uoromethylcouluarin (Coumaran 
151); cyanosine; 4‘,6-diaminidino-2-phenylindole (DAPI); 
5‘,5“-dibromopyrogallol-sulfonephthalein (Bromopyro 
gallol Red); 7-diethylamino-3-(4‘-isothiocyanatophenyl)-4 
methylcoumarin; diethylenetriamine pentaacetate; 4,4‘ 
diisothiocyanatodihydro-stilbene-2,2‘-disulfonic acid; 4,4‘ 
diisothiocyanatostilbene-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; 
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ethidium; ?uorescein and derivatives such as 
5-carboxy?uorescein (FAM), 5-(4,6-dichlorotriaZin-2-yl) 
amino?uorescein (DTAF), 2‘7‘-dimethoxy-4‘5‘-dichloro-6 
carboxy?uorescein (JOE), ?uorescein, ?uorescein isothio 
cyanate (FITC), and QFITC (XRITC); ?uorescamine; 
IR144; IR1446; Malachite Green isothiocyanate; 
4-methylumbelliferone; ortho cresolphthalein; nitrotyrosine; 
pararosaniline; Phenol Red; B-phycoerythrin; 
o-phthaldialdehyde; pyrene and derivatives such as pyrene, 
pyrene butyrate and succinimidyl 1-pyrene butyrate; Reac 
tive Red 4 (Cibacron .RTM. Brilliant Red 3B-A); rhodamine 
and derivatives such as 6-carboxy-X-rhodamine (ROX), 
6-carboxyrhodamine (R6G), lissamine rhodamine B sulfo 
nyl chloride, rhodamine (Rhod), rhodamine B, rhodamine 
123, rhodamine X isothiocyanate, sulforhodamine B, sul 
forhodamine 101 and sulfonyl chloride derivative of sulfor 
hodamine 101 (Texas Red); N,N,N‘,N‘-tetramethyl-6 
carboxyrhodamine (TAMRA); tetramethyl rhodamine; 
tetramethyl rhodamine isothiocyanate (TRITC); ribo?avin; 
rosolic acid and terbium chelate derivatives. 

Other suitable ?uorophores include GFP (green ?uores 
cent protein) and variants and derivatives thereof, 
LissamineTM, diethylaminocoumarin, ?uorescein 
chlorotriaZinyl, naphtho?uorescein, 4,7-dichlororhodamine 
and xanthene and derivatives thereof. Other ?uorophores 
knoWn to those skilled in the art may also be used in the 
methods described herein. 

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

Hybridization: Nucleic acid molecules that are comple 
mentary to each other hybridiZe by hydrogen bonding, 
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 suf?cient 
number of corresponding positions in each molecule are 
occupied by nucleotide units Which can hydrogen bond With 
each other. 

“Speci?cally hybridiZable” and “complementary” are 
terms that indicate a suf?cient degree of complementarity 
such that stable and speci?c 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 speci?cally hybridiZable. An oligonucleotide 
is speci?cally 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-speci?c 
binding of the oligonucleotide to non-target sequences under 
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8 
conditions in Which speci?c binding is desired, for example 
under physiological conditions in the case of in vivo assays, 
or under conditions in Which the assays are performed. 

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

Stringent conditions may be de?ned 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 speci?cally at higher temperatures. Generally, 
stringent conditions are selected to be about 5° C. loWer than 
the thermal melting point Tm for the speci?c sequence at a 
de?ned 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 (eg 
10 to 50 nucleotides). Stringent conditions can also be 
achieved With the addition of destabiliZing agents such as 
formamide. For example, conditions of 5><SSPE (750 mM 
NaCl, 50 mM sodium phosphate, 5 mM EDTA, pH 7.4) and 
a temperature of 25—30° C. are suitable for allele-speci?c 
probe hybridiZations. 

In those embodiments Wherein one or more of the samples 
on the array comprise Whole cells, in situ hybridiZation 
approaches may be appropriate. Such methods are Well 
knoWn to those of ordinary skill in the relevant ?elds. 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. 

Isolated: An “isolated” biological component (such as a 
nucleic acid molecule, protein or organelle) has been sub 
stantially separated or puri?ed aWay from other biological 
components in the cell of the organism in Which the com 
ponent 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 puri?ed by standard puri?cation methods. 
The term embraces nucleic acids and proteins prepared by 
recombinant expression in a host cell as Well as chemically 
synthesiZed molecules. 

Label: Detectable marker or reporter molecules, Which 
can be attached to nucleic acids, for example probe mol 
ecules. Typical labels include ?uorophores, 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 
discussed, 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 
Intersciences (1987). 

Malignant: A term describing cells that have the proper 
ties of anaplasia, invasion and metastasis. 



US 6,951,761 B2 
9 

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

Nucleic acid: A deoxyribonucleotide or ribonucleotide 
polymer in either single or double stranded form, and unless 
otherWise limited, encompassing knoWn analogues of natu 
ral nucleotides that hybridize to nucleic acids in a manner 
similar to naturally-occurring nucleotides. 

Nucleic acid array: An arrangement of nucleic acids (such 
as DNA or RNA) in assigned or addressable, or determin 
able locations on a matrix, such as that found in cDNA or 
CGH arrays, or in examples of the herein described CryoAr 
rays. 

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. 

Oligonucleotide: A linear single-stranded polynucleotide 
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 pro 
duced from naturally occurring polynucleotides. 
An oligonucleotide analog refers to moieties that function 

similarly to oligonucleotides but have non-naturally occur 
ring portions. For example, oligonucleotide analogs can 
contain non-naturally occurring or altered sugar moieties or 
inter-sugar linkages, such as a phosphorothioate oligode 
oxynucleotide. Functional analogs of naturally occurring 
polynucleotides can bind to RNA or DNA, and include 
peptide nucleic acid (PNA) molecules. Such analog mol 
ecules may also bind to or interact With polypeptides or 
proteins. 

Oligopeptide: A linear peptide molecule of about 100 or 
feWer amino acid residues. 

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 
Arabia'opsis. The cells can be obtained from any part of the 
plant, for example roots, leaves, stems, or any ?oWer part. 
From these cells, nucleic acid and/or protein can be isolated. 

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. 

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 substantially 
pure target molecule, e.g., one or more pure polypeptide. 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. 

Pooled arrays include those in Which one or more of the 
addresses contains a de?ned multimeric complex. In the 
case of such an array, it is envisioned that different probe 
molecules may bind to different molecules (e.g., 
polypeptides) Within the complex that is the “target.” 

Although the identity of each probe in the pooled mixture 
at a speci?c address is usually knoWn, the individual probes 
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10 
in the pool are not technically “separately addressable.” The 
binding signal from a pooled address is the binding signal of 
the set of different (but mixed or associated) 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. 

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. 

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,” “interrogate” or 
“screen”) a CryoArray in order to determine the binding, 
activity, or interaction characteristics of the arrayed target(s) 
With that probe molecule. 

In speci?c 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 
analogs, minerals, salts, and so forth). 
The term probe, as used herein, also encompasses sub 

strates and/or assays systems used to assess the activity of a 
target Within a feature of the array. Thus, it is contemplated 
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 constitu 
ents 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 [3-gal 
system or another such research system), then the compo 
nents of the reporter system Would form a probe useful in 
assaying the array to detect expression. 

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 characteristics (e.g., 
immunogenicity, color, ?uorescence) 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 absorbing or emitting 
of light; chemically reactive; magnetically or electronically 
encoded; or in some other Way detectable. Speci?c examples 
of tags are ?uorescent 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 immunogenic sequences (such 
as epitope tags) or molecules of knoWn binding pairs (such 
as members of the strept/avidin:biotin system). Additional 
tags and detection systems are knoWn to those of skill in the 
art, and can be used in the disclosed methods. 
Though in many embodiments of the invention a single 

type of probe molecule (for instance one protein) at a time 
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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 
?uorophores that emit at different Wavelengths, or tWo gold 
particles of different siZes). 

In speci?c 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. 

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 speci?c locus 
indicates that the pooled probe (Which may be re?ective 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 af?nity for). 

In speci?c embodiments, probes may be single or double 
stranded nucleic acid, but Will often be single-stranded DNA 
or RNA. In speci?c embodiments, the probe Will be single, 
positive-strand nucleic acid, particularly in those embodi 
ments Wherein the mixtures of nucleic acids immobiliZed on 
the array include cDNA molecules. 

Probe standard: Aprobe 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 speci?cally 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. 

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 hybridiZe With 
a so-called “housekeeping” gene. For instance, the house 
keeping 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; spe 
ci?c examples include histones, [3-actin, or ribosomal sub 
units (either mRNA encoding for ribosomal proteins or 
rRNAs). Housekeeping genes can be speci?c 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-speci?c sequence) could pro 
vide good negative controls for gene pro?ling array spots 
that include animal-derived samples. 
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Additional controls for speci?c embodiments are dis 

cussed beloW. 
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 ef? 
ciency of the test probe that is being studied. In some 
embodiments, labeled probe standards Will be provided in 
the kits. 

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 “challenged” 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). 

Protein/Polypeptide: Abiological 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-translational modi? 
cation (e.g., glycosylation or phosphorylation). 

Examples of CryoArrays include a plurality of polypep 
tide samples (targets) placed at addressable locations Within 
an array substrate (e.g., a block of OCT embedding 
material). The polypeptide at each location can be referred 
to as a target polypeptide, or target polypeptide sample. 

In certain embodiments, polypeptides are deposited into 
the array in a substantially native con?guration, such that at 
least a portion of the individual polypeptides Within the 
locus is in a native con?guration. Such native con?guration 
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 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. 
One of the bene?ts of the provided system of protein 

analysis using CryoArrays is maintaining samples, particu 
larly protein samples, at or beloW freeZing during the 
preparation of the cryoblock and cryosections. 

Protein puri?cation: Polypeptides for use in the present 
invention can be puri?ed by any of the means knoWn in the 
art. See, e.g., Guide to Protein Puri?cation, ed. Deutscher, 
Meth. Enzymol. 185, Academic Press, San Diego, 1990; and 
Scopes, Protein Puri?cation: Principles and Practice, 
Springer Verlag, NeW York, 1982. 

Proteomics: Global, Whole-cell analysis of gene expres 
sion at the protein level, yielding a protein pro?le for a given 
cell or tissue. The comparison of tWo protein pro?les 
(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 modi? 
cation. Subproteomics is analysis of the protein pro?le of a 
portion a cell, for instance of an organelle or a protein 
complex. Thus, a mitochondrial proteome is the pro?le of 
the protein expression content of a mitochondrion under 
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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). 

Puri?ed: The term puri?ed does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed nucleic acid preparation is one in Which 
the speci?ed 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. Apreparation of 
substantially pure nucleic acid may be puri?ed such that the 
desired nucleic acid represents at least 50% of the total 
nucleic acid content of the preparation. In certain 
embodiments, a substantially pure nucleic acid Will repre 
sent 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 sub 
stantially pure protein may be puri?ed 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. 

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 arti?cial combination of tWo otherWise 
separated segments of sequence. This arti?cial combination 
can be accomplished by chemical synthesis or, more 
commonly, by the arti?cial manipulation of isolated seg 
ments of nucleic acids, e.g., by genetic engineering tech 
niques. 
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 (rRNA, com 
ponents of ribosomes), and transfer (tRNA, molecules 
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. 

Serial Analysis of Gene Expression (SAGE): A method 
that uses short sequence tags to alloW the quantitative and 
simultaneous analysis of a large number of transcripts in 
tissue, as described in Velculescu et al., Science 
270:484—487, 1995, Which is incorporated by reference. 

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 sub 
stantially all of the ?rst probe molecule from the array, 
Without also signi?cantly 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 (NH4)2SO4 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. 

Subject: Living, multicellular vertebrate organisms, a 
category that includes both human and veterinary subjects, 
for example, mammals, birds, and primates. 

Target: As used herein, individual molecules, cells, or 
mixtures that are placed in to a CryoArray are referred to as 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
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 heterogeneous 
mixture of molecules that proportionately re?ects the levels 
of the starting (source) material from Which the molecules 
are derived; such arrays can be used to comparatively 
examine the level of constituents in an array feature. Thus, 
in speci?c examples, the features of the array contain mRNA 
or mRNA-derived molecules (e.g., aRNA, cRNA or cDNA) 
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 re?ect the levels 
(e.g., proportionate levels) of those proteins in a starting 
material, such as a tissue sample. 

In general, a target on the array is discrete, in that signals 
from that target can be distinguished from signals of neigh 
boring 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). 

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). 

Unless otherwise explained, all technical and scienti?c 
terms used herein have the same meaning as commonly 
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 indicates 
otherWise, and the term “comprising” means “including.” 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 mate 
rials 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, patents, and other refer 
ences mentioned herein are incorporated by reference in 
their entirety. In case of con?ict, the present speci?cation, 
including explanations of terms, Will control. In addition, the 
materials, methods, and examples are illustrative only and 
not intended to be limiting. 
III. OvervieW of Several Embodiments 

In one embodiment, this disclosure provides methods of 
making a CryoArray, Which methods involve providing 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. 

In speci?c 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. 

In various examples of the provided methods of making 
CryoArrays, the samples contain an acellular biological 
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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 ?uid 
(e.g., blood, a blood product, urine, sWeat, tears, saliva, spit, 
an amniocentesis sample, semen, or mucous), or an envi 
ronmental sample. 

In some provided embodiments, the sample Wells are 
elongated and substantially parallel to each other, and they 
may be oriented substantially transverse to opposing sur 
faces of the substrate. 

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 CryoAr 
rays. 

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 ?uid). 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 speci?c embodiments, particularly Where 
it is bene?cial to preserve the biological structure of function 
of a constituent of one or more sample on the array, the 
recipient array is kept at or beloW freeZing While the samples 
are being placed in the array. Sections can be cut (for 
instance, using a microtome or other device) from loaded 
arrays (arrays into Which samples have been placed). In 
some of the provided methods, sections are cut from the 
arrays in a manner such that each section contains a plurality 
of portions of the samples placed in the array, Which each 
maintain their assigned location. Sections from the provided 
CryoArrays can be used to perform one or more biological 
analyses of samples in the arrays. 

In some of the provided methods, the biological samples 
are placed into recipient array as liquids (for instance, 
suspensions), and froZen after being placed in the array. 
As provided herein, a recipient array substrate may 

include an embedding compound that is solid at 0° C. In 
some embodiments, recipient array contains a plurality of 
Wells to receive the biological samples. Examples of such 
Wells have a substantially circular cross section having a 
diameter of less than about 2 mm. 

In speci?c provided examples of methods for parallel 
analysis of samples, more that one biological analysis (for 
instance, an immunological binding assay, protein binding 
assay, activity assay, ampli?cation reaction, or nucleic acid 
hybridiZation) is performed on more than one section of a 
loaded array. The results of such analyses can be compared 
for the more than one biological analyses in corresponding 
assigned locations of different sections form the array to 
determine if there is a correlation betWeen the results of the 
different biological analyses at different assigned locations. 

In various embodiments, the results of the different bio 
logical analyses performed on sections of a CryoArray are 
used to evaluate a reagent for disease diagnosis or treatment 
(e.g., evaluating a reagent selected from the group of 
antibodies, genetic probes, and antisense molecules, or a 
reagent selected from the group of biological inhibitors, 
biological enhancers, or other biological modulators); iden 
tify a prognostic marker for cancer; identify a prognostic 
marker for a non-cancerous disease; select targets for drug 
development; prioritiZe targets for drug development; assess 
or select therapy for a subject; and/or ?nd a biochemical 
target for medical therapy. 
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In speci?c examples of such analyses, identifying a prog 

nostic marker for cancer or identifying a prognostic marker 
for a non-cancerous disease involves selecting a marker 
associated With a poor clinical outcome. 

In still other examples of such analyses, selecting therapy 
for the subject involves selecting an antineoplastic therapy 
that is associated With a particular biological analysis out 
come. 

Also provided are methods of analyZing a CryoArray, 
Which methods involve providing a plurality of elongated 
biological samples at addressable locations in a block of 
embedding substrate, such that When the block is froZen and 
cut into predetermined array sections, a tWo dimensional 
array of portions of the biological samples is presented at a 
surface of each section, With each portion of the biological 
samples at an addressable location in the array sections, and 
Wherein each biological sample in the block has a third 
dimension so that When sequential sections of the block are 
cut, the biological samples maintain a predetermined rela 
tionship in the array sections; and exposing a plurality of the 
array sections to a probe that interacts With one or more of 
the biological samples of the array, to identify those bio 
logical samples that share or differ in a biological property. 

In some examples of these methods, the common bio 
logical property is a molecular characteristic, such as a 
presence or absence, or altered level of expression, of a 
protein or gene, alteration of copy number, structure or 
function of a gene, genetic locus, chromosomal region or 
chromosome. In some embodiments, the common biological 
property is correlated With at least one other characteristic of 
the samples, for instance clinical information (one or more 
of clinical course, tumor stage, oncogene status, and age of 
the subject from Whom each sample Was taken) about a 
subject from Whom each sample Was taken. 

These and additional embodiments are described more 
fully beloW. 
IV. CryoArrays 

It has surprisingly been found that samples (such as 
puri?ed or mixed protein, nucleic acid, virus, cell, or bio 
logical ?uid samples) can be analyZed in parallel on arrays 
that are prepared at loW temperatures, referred to herein as 
CryoArrays. In a disclosed embodiment, CryoArrays are 
constructed as a block (for instance, of embedding 
compound) containing elongated, substantially columnar 
samples (see FIG. 1A), Which block is sliced (sectioned; 
FIG. 1B) across the elongated axis of the samples to provide 
a plurality of identical or substantially identical individual 
arrays (cryosections), each cryosection containing a portion 
of each of the samples. Production of many substantially 
identical CryoArray sections (in some embodiments, 
100—800 sections per block, depending on the thickness of 
the cryoblock and the thickness of the sections) is simple, 
relatively inexpensive, and requires only a small volume of 
sample (usually about 2—6 pal/Well, depending on the siZe of 
the cryoblock and the cross-sectional area of the sample 
Wells). For instance, from a 12 mm cryoblock, 800 10 pM 
sections could be cut (equivalent to 8 mm of the block 

thickness). 
The ability to make multiple cryosections from one cry 

oblock enables parallel analysis of many corresponding, for 
example substantially identical, arrays using minute 
amounts of samples, some of Which may be precious or 
otherWise in short supply. Individual arrays can be used for 
parallel analysis of the same array feature set, for instance 
With different probes or under different conditions. In 
addition, the process is biomolecule compatible, particularly 
protein compatible, because samples are kept froZen or near 
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freezing during production of the cryoblock. CryoArrays are 
useful for screening small samples of rare or precious 
biological ?uids or tissues for biomarkers, and for rapid 
screening of monoclonal antibodies. 

CryoArrays, and examples of methods for their prepara 
tion and use, are described in more detail beloW, beginning 
With a detailed description of several of the accompanying 
draWings. 
An outline representation of a prepared CryoArray block 

20 is shoWn in FIG. 1. In the illustrated embodiment (FIG. 
1A), block 20 is a regular parallelepiped having at least one 
face 22. Contained Within block 20 are a plurality of sample 
Wells 24, of Which forty are shoWn in the illustrated embodi 
ment in FIG. 1. Sample Wells 24 are generally elongated and 
substantially columnar in shape, substantially perpendicular 
to face 22, and eXtend into but not necessarily all the Way 
through block 20. Though the illustrated sample Wells 24 
have a circular cross section, this is not essential; other cross 
sectional pro?les are contemplated. Similarly, though 
sample Wells 24 are illustrated as being substantially the 
same diameter throughout their entire length, and as having 
a ?at interior bottom surface, neither of these features is 
essential. Sample Wells 24 With for instance sloped or ridged 
interior surfaces, and/or sloped, domed, or cone-shaped 
interior bottom surfaces are also envisioned; other shapes 
could also be used. 

Once the sample (illustrated by the shading in one rep 
resentative loaded sample Well 26) has been injected into 
one or more of sample Wells 24, thus producing a loaded 
CryoArray block, one or more sections 28 are removed from 
face 22. Sections 28 are removed using, for instance, a 
cryostat or microtome device, and generally are relatively 
thin, usually less than a millimeter thick, ie., on the order of 
2—50 pM thick. Being removed from face 22 of block 20, 
sections 28 are sliced essentially perpendicularly to the 
elongated aXis of sample Wells 24, and thus sections 28 
contain cross-sectional portions 30 of loaded samples, such 
as representative sample in loaded sample Well 26. Each 
section 28 can then be used, directly or after transfer to a 
transfer substrate surface, for analysis of sample. 

In certain embodiments, as illustrated in FIG. 2, the 
CryoArray block 20 includes one or more orientation Wells 
32, Which can be used to reliably orient individual cryosec 
tions from the array. In the illustrated embodiment, orien 
tation Well 32 is both separated someWhat from sample Wells 
24, and has a different cross-sectional pro?le than does a 
sample Well 24. Neither separation nor a different pro?le is 
a required feature in all embodiments having an orientation 
Well 32, as long addressable locations of the array can be 
determined, for instance if orientation Well 32 can in some 
Way be distinguished from sample Wells 24 in the cryosec 
tions produced from such blocks. 

FIG. 3 is a series of schematic vieWs shoWing the sec 
tioning of a loaded CryoArray, and the removal of three 
individual sections from the array block for use in three 
different analyses. A representative loaded cryoblock 34 is 
illustrated in oblique vieW in FIG. 3A, shoWing a plurality 
(tWenty-?ve in this embodiment) of loaded sample Wells 26. 
Sample Wells 26 are arranged in loaded cryoblock 34 in a 
regular array format, Wherein each sample Well 26 has a 
round cross sectional pro?le that is of a consistent Width 36, 
and Where each sample Well 26 is separated from neighbor 
ing sample Wells 26 by a de?ned and constant distance 38. 
FIG. 3B illustrates the removal of a single cryosection 28 
from loaded cryoblock 34. The removal of three sequential 
cryosections (28a, 28b, and 28c) from loaded cryoblock 34 
is shoWn in frontal vieW FIG. 3C. Each of cryosections 28, 
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once removed from loaded cryoblock 28, can be probed for 
the presence, absence, or quantity of a target molecule in the 
samples contained on that cryosection. This is illustrated by 
the separation of cryosections 28a, 28b, and 28c onto 
different pieces of transfer substrate (40) in FIG. 3D, FIG. 
3E, and FIG. 3F, respectively. 
One use of a CryoArray is illustrated in FIG. 4, Which 

provides schematic vieWs of the construction and probing 
(With a labeled probe) of a CryoArray Wherein tWo signal 
intensities are detected on a resultant cryosection. In the 
illustrated embodiment, a ?rst source sample 40 (e.g., a cell, 
tissue, ?uid sample) is subjected to a process 42, such as 
extraction process, resulting in a prepared sample 44. Pre 
pared sample 44 contains tWo types of molecule (e.g., tWo 
different nucleic acid sequences, tWo different proteins, a 
nucleic acid and a protein, etc.), types a and b, referred to 
Within sample 44 as 44a and 44b. Prepared sample 44 is 
placed, usually by injection (46) into a sample Well 24 
Within a prepared cryoblock 20, generating loaded sample 
Well 48. In many embodiments, cryoblock 20 is maintained 
at a loW temperature (e.g., at or beloW freeZing), such that 
When samples (such as prepared sample 44) are injected into 
a sample Well 24, the sample freeZes and bonds onto the 
inner surface of the sample Well 24. 

This process is repeated for additional source samples 50 
and 60, Which also are subjected to a process (52 and 62, 
respectively) that produces prepared samples 54 and 64, 
respectively. In addition to molecule types a and b, found in 
prepared sample 44, prepared samples 54 and 64 each 
contain molecules of type c; thus, prepared sample 54 
contains molecules of type a (54a) and type c (54c), While 
prepared sample 64 contains molecules of all three types 
(64a, 64b, and 64c). Prepared samples 54 and 64 are loaded 
(by process 56 and 66) into sample Wells 24 in cryoblock 20, 
to produce additional loaded sample Wells 58 and 68, 
respectively. Additional samples (not shoWn) can be pre 
pared and loaded into additional sample Wells 24. 
When all of the desired samples have been loaded into 

sample Wells 24 of cryoblock 20, one (or more) sections 
(such as illustrated cryosection 70) are removed (process 72) 
from face 22 of cryoblock 20 using, for instance, a micro 
tome or cryostat device (not shoWn). Because cryosections 
(e.g., cryosection 70) are removed from face 22, they are 
sliced transversely across the elongate access of the sample 
Wells 24, and the resultant cryosection (70) contains a cross 
sectional portion of each sample placed into sample Wells 
24. In the illustrated examples, loaded sample 48, When 
sliced transversely to produce cryosection 70, produces 
cross sectional portion 74, contained Within the slice of 
embedding material that cryosection 70 is made of. 
Similarly, transverse sectioning of loaded sample 58 yields 
cross sectional sample portion 76; and transverse sectioning 
of loaded sample 68 produces cross sectional sample portion 
78. Sequential sections taken from the same loaded cryob 
lock produce additional cryosections, each containing a 
cross sectional sample portion from each of the loaded 
samples. Each of the cross sectional sample portions con 
tained With individual cryosections contains a portion of the 
sample, and therefore a portion of the molecules contained 
Within the sample. 

In order to probe a cryosection (such as illustrated cryo 
section 70), the cryosection is usually removed from the 
sectioning apparatus (not shoWn) by adhering the section to 
a surface that is adhesive on one side (e.g., tape, such as 
Scotch Tape), Which adhesive can adhere to the cold surface 
of the cryosection Without substantially distorting the tWo 
dimensional arrangement of sample portions Within the 
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section. In addition to facilitating removal of the cryosection 
from the sectioning apparatus, the adhesive surface provides 
support for the cryosection, particularly in embodiments 
Where a probing reaction is carried out directly on the 
cryosection (Without subsequently transferring the section to 
a transfer substrate surface). Optionally, a cryosection 70 
can be transferred to a transfer substrate surface (not shoWn), 
such as a nitrocellulose membrane or membrane patch 
deposited on a slide (e.g., as With FASTTM slides). 

One embodiment of a probing reaction carried out on a 
cryosection is shoWn in FIG. 4. Cryosection 70 is subjected 
to a probing process 80, during Which a probe molecule 82 
(in the illustrated embodiment, a labeled probe molecule 82, 
Where the label is indicated With an asterisk) is applied (84) 
to the cryosection 70 (or a replica of the cryosection, as 
described herein). In the illustrated embodiment, probe 82 is 
a molecule that binds speci?cally to molecules of type c, and 
thus probe 82 binds to molecules contained Within at least 
cross sectional sample portions 76 (corresponding to source 
sample 50) and 78 (corresponding to source sample 60). 

In certain embodiments, the intensity of the probe binding 
signals is also measured. Detection of different signal inten 
sities is also schematically depicted in FIG. 4. By virtue of 
the label on probe 82, those cross sectional sample portions 
that contain molecules to Which probe 82 binds give off a 
signal. Thus, cross sectional sample portion 76 gives off a 
signal 86 after labeled probe 82 is bound thereto, Which 
signal has a certain intensity that, in the illustrated embodi 
ment is proportional to the amount of molecules of type c are 
contained in that sample portion. Similarly, cross sectional 
sample portion 78 gives off signal 88 after labeled probe 82 
is bound thereto, Which signal is also proportional to the 
amount of molecules of type c contained Within that sample 
portion. Reading this probing reaction of cryosection 70, it 
thus is apparent that prepared sample 54 and 64 both 
contained molecules of type c (Which bind labeled probe 
82), and that 44 does not contain molecules of type c. It is 
also apparent that prepared sample 64 contains substantially 
more molecules of type c than does prepared sample 54, 
based on the relative intensities of probe signals 88 and 86, 
respectively. 

In one speci?c embodiment (illustrated in FIG. 5) a 
CryoArray is formed from a solid block of froZen histologic 
embedding compound (OCT; l2><l9><12 mm) containing a 
5x5 matrix of 600 pm diameter Wells spaced 2 mm apart. In 
this embodiment, the Wells Were formed using needles 
placed upright into the embedding material before it Was 
froZen, and removed after the block Was fully froZen. 
Optionally one or more orientation Wells (illustrated in FIG. 
5B) may be included in the block, to permit reliable orien 
tation of the cryosections; these orientation Wells can be 
?lled With a colored solution or another detectable and 
identi?able substance or molecule. Optionally, one or more 
control samples may be included in the array, to serve as 
positive (or negative) controls for probing the individual 
cryosections. 

The sample Wells in the froZen block are ?lled With 
biological samples (FIG. 5C), of Which several types are 
described herein, Which freeZe and bond to the OCT block. 
Next, sections (e.g., 10 pm sections) are cut from the face of 
the cryoblock on a cryostat. In some embodiments, the 
cryosections are transferred to nitrocellulose-coated slides 
using a tape-transfer or other system that preserves the 
geometry of the samples in the array; one cryosection, on a 
piece of tape, is shoWn in FIG. 5D. In this particular 
embodiment, each spot on the cryosection contains 3 nl of 
sample. 
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Sequential sections taken from a single cryoblock can be 

tested, for instance for protein expression by immuno 
histochemistry, or protein function by direct activity assay. 
In other embodiments, nucleic acids can be detected and/or 
quanti?ed. 
The reproducibility and linearity of the CryoArray system 

has been con?rmed using a block ?lled With different 
concentrations of ?uoro-labeled-IgG, as described in 
Example 4. The ?uorescent signal Was reproducible 
(coef?cient of variation 3.6—10.1%), and linear over a 
16-fold concentration range (R2=0.94). 
The ability of the CryoArray system to detect both 

recombinant and native proteins Was tested using modi?ed 
immunohistochemical methods, as described in Example 5. 
Recombinant human prostate speci?c antigen (PSA, 0.1 
ng/pl) could be detected using an anti-PSA antibody With a 
detection limit of 0.3 pg/spot. 
The analyses to Which CryoArrays can be applied are 

myriad, and the folloWing list is provided in order to 
illustrate rather than limit these uses. It is currently contem 
plated that CryoArrays can be used as illustrated in the 
folloWing non-limiting examples: 

Protein-Based CryoArrays 

Load CryoArray With puri?ed and identi?ed individual 
proteins, probe using serum or puri?ed antibody from a 
subject (e.g., to detect or quantify infection or exposure to 
disease organism); 
Load CryoArray With puri?ed proteins or mixed protein 

preparation, detect and quantify With knoWn antibodies (to 
quantitate amount of target material in the samples); 
Load CryoArray With puri?ed individual or mixed 

protein, detect or quantify a post-translational characteristic 
of the proteins (e.g., phosphorylation); 
Load CryoArray With individual uncharacteriZed antibod 

ies (e.g., from neWly generated potential monoclones), 
detect With pure protein (to identify good clones); 
Load CryoArray With puri?ed, knoWn antibodies, detect 

or quantify With mixed proteins (e.g., protein preparation 
from a cell or tissue sample, a biological ?uid sample, a food 
or environmental sample, and so forth); 
Load CryoArray With pure protein or protein mixtures, 

detect or quantify secondary partner binding (to identify or 
characteriZe protein-protein interactions); 
Load CryoArray With protein mixtures (e.g., from a cell 

or other sample), detect or quantify With knoWn antibody(s); 
Load CryoArray With protein mixtures (e.g., from a cell 

or other sample), detect or quantify With an activity assay; 

Nucleic Acid-Based CryoArrays 

Load CryoArray With nucleic acid mixtures (e.g., from a 
cell or other sample), detect or quantify With pure nucleic 
acid (e.g, to study gene expression or gene ampli?cation, to 
identify a cell or strain); 
Load CryoArray With individual identi?ed oligonucle 

otides or cDNAs, detect or quantify using labeled cDNA 
mixture (e.g., from a cell or tissue, as in traditional cDNA 
microarrays); 
Load CryoArray With puri?ed individual unknoWn 

nucleic acid (e.g., from potential plasmid clones), detect 
With pure nucleic acid (to identify a desired sequence); 
Load CryoArray With mixture of nucleic acids (e.g., a 

genomic preparation from a cell sample), detect With an 
identi?er nucleic acid sequence (e.g., a ribosomal RNA or 
other strain/cell-speci?c sequence, to identify strains/cells) 
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Cell-Based CryoArrays 

Load CryoArray With cells, detect or quantify With anti 
body (e.g., to identify cells or cell types, or quantify protein 
expression levels); 

Load CryoArray With cells, detect or quantify With a 
secondary binding partner (e.g., a cell surface binding 
receptor); 

Load CryoArray With cells, detect or quantify With 
nucleic acid (e.g., to identify cells or cell types, for instance 
using a ribosomal RNA probe); 

Load CryoArray With cells, detect or quantify With 
nucleic acid (e.g., to identify transformed cells); 

Load CryoArray With cells, detect or quantify With activ 
ity assay (e.g., to identify transformed cells expressing a 
marker, to detect cells of a certain natural genotype, etc.); 

Load CryoArray With human embryonic stem cells, detect 
With antibody or activity assay; 

Load CryoArray With cells from LCM, detect or quantify 
With antibody; 

Load CryoArray With cells from LCM, detect or quantify 
With nucleic acid; 

Delivery CryoArrays 

Load CryoArray With potentially invasive/pathogenic 
organisms (e.g., viruses, bacteria or fungi), implant into a 
research animal (to examine invasiveness and 
pathogenicity); 

Load CryoArray With tumor cells (or potentially tumorous 
cells), implant into a research animal (to examine invasive 
ness and metastatic potential); 

Virus CryoArrays 

Load CryoArray With virus samples, detect With protein 
(e.g., antibody); 

Load CryoArray With phage display library, detect With 
antibodies to desired display components; 
Load CryoArray With viruses, detect With nucleic acid; 

Sample-Based CryoArrays 

Load CryoArray With biological ?uid samples, detect 
biomarkers (e.g., cancer biomarkers, disease biomarkers, 
etc.); 

Load CryoArray With biological ?uid samples, detect 
With antibody; 

Load CryoArray With biological ?uid samples, detect 
activity of an enZyme; 
Load CryoArray With biological ?uid samples, detect 

virus/infectious agent (e. g., by in situ hybridiZation or in situ 
RT/PCR). 

Described beloW are certain characteristics of several 
different CryoArray embodiments and related methods. The 
embodiments and examples given are meant in no Way to 
limit the invention. 

A. CryoArray Substrate 
CryoArrays are formed as a block (referred to as a 

cryoblock) of a solid embedding medium With Wells sub 
stantially perpendicular to one surface of the block, into 
Which the samples (features) Will be placed. The substrate 
for the CryoArray is an embedding medium that is suf? 
ciently rigid (“frozen”) at least at the temperature at Which 
the block is prepared that it can be sectioned to provide 
individual cryosections for analysis (e.g., sectioned using a 
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cryostat). Rigidity is a relative term, and in this context 
refers to sufficient rigidity to maintain samples Within the 
array in substantially the same position in cryosections as 
they Were in the cryoblock, so that individual features 
remain reliably addressable. 

In general, the embedding medium is such that the 
samples can be bound to it, in order to secure the sample into 
the Well and maintain its placement When the cryoblock is 
sectioned. Thus, the substrate of the cryoblock may be 
different for different samples, and either the solution in 
Which the sample is suspended or the substance of the 
cryoblock can be adjusted in minor Ways to ensure that such 
binding occurs. For some embodiments, optimal binding of 
the sample to the block substrate is achieved by bringing the 
osmolarity or osmolality of the liquid sample into relative 
parity With the osmolarity or osmolality of the block. In 
some embodiments, a gelling agent (such as a gelatin, 
agarose, acrylamide, or other gelling agent) is added to the 
samples to stabiliZe their binding to the block When they are 
froZen. 

In certain embodiments, it is preferred that the embedding 
substrate is essentially inert regarding the probing assays 
that Will be carried on cryosections produced from that 
substrate. Thus, for instance When the probe Will be arrayed 
With a ?uorescent system, generally cryoblock substrates 
that have inherent ?uorescence should be avoided. 
One speci?c example of a particularly appropriate embed 

ding material is OCT embedding compound (available from 
a number of sources, including CryoGel OCT, available 
from Instrumedics Inc., Hackensack, N.J Additional cry 
oblock substrates for certain embodiments include gelatin 
(for instance, as found in Jell-OTM), pudding, agarose, 
polyacrylamide, Wax (particularly Waxes that have appro 
priate Wetting properties so that a CryoBlock constructed 
from such Wax Would be both sectionable and able to bond 
to the sample), and other cross-linked or matrix-forming 
substrates, including other poly-saccharide gels or matrixes. 

B. CryoArray Format 
CryoArrays may vary signi?cantly in their format and 

structure, both of Which may be in?uenced by the intended 
functionality of the CryoArray. The disclosed array systems 
are amenable to use in either a macroarray or a microarray 

format, or a combination thereof. Such arrays can include, 
for example, at least 10, 25, 50, 100, 150, 200, 500, 1000, 
or 5000 or more array elements (also referred to as features). 
In the case of macro-format CryoArrays, detection of bound 
or interacting probe on the array does not require sophisti 
cated equipment (e.g., a microscope), though quanti?cation 
may be assisted by automated scanning and/or quanti?cation 
techniques and equipment. 

Macro-format arrays can be of any siZe, but typically Will 
be greater than a square centimeter. Macroarrays are gen 
erally used When the number of array elements is relatively 
small, on the order of tens to hundreds of samples, hoWever 
macroarrays With a larger number of array elements can be 
used on large substrates. Spot arrangement on the macroar 
ray is such that individual spots can be distinguished from 
each other When the sample is read. In some embodiments, 
the diameter of the spot is about equal to the spacing 
betWeen individual dots, though this is not necessary. 

Sample locations on macroarrays are of a siZe large 
enough to permit their detection Without the assistance of a 
microscope or other sophisticated enlargement equipment. 
Thus, features may be as small as about 0.1 mm across, With 
a separation of about the same distance, and can be larger. 
Larger features on macroarrays, for example, may be about 
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0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 5, 7, or 10 mm across. Even 
larger features may be larger than 10 mm (1 cm) across, in 
certain speci?c embodiments. The array siZe Will in general 
be correlated the siZe of the individual target locations in the 
array, in that larger “spots” Will usually be found on larger 
arrays, While smaller spots may be found on smaller arrays. 
This correlation is not necessary, though. 

In microarray-format CryoArrays, a common feature is 
the relatively small siZe of the target array, for example an 
area of about a squared centimeter (1 cm2) or less. Asquared 
centimeter (for example, a square of dimensions 1 cm by 1 
cm) is large enough to contain over 2,500 individual target 
spots, if each spot has a diameter of 0.1 mm and spots are 
separated by 0.1 mm from each other. Features on a micro 
CryoArray Will generally be no larger than about 1 mm by 
1 mm. The smallest possible diameter of a feature Well on a 
CryoArray may be limited by the viscosity of the ?uid the 
sample is suspended in, and it’s freeZe-rate. If the diameter 
of the sample Well is too small, or the sample too viscous or 
too rapidly freeZes, the sample Will not ?ll the entire Well 
Within the Cryoblock. Gaps in the column of sample may 
cause individual cryosections from the cryoblock to lack 
sample, and are therefore to be avoided. 

The amount of target that is applied to each address of an 
array Will be largely dependent on the array format used. The 
volume of the individual Wells Within the cryoblock are a 
function of the diameter (more precisely area) of the feature 
and the depth of the Well/thickness of the cryoblock. Thus, 
a larger spot (having a diameter) or a thicker cryoblock Will 
generally accept or require a greater amount of target 
molecule than a smaller spot (or the Well Within a thinner 
cryoblock). 

Characteristics of the target (e.g., the length of a 
biomolecule, its primary and secondary structure, its binding 
characteristics in relation to the probe, etc.) Will in some 
instances in?uence hoW much of each target is applied to an 
array, or at What concentration/density it is applied Within a 
Well. Optimal amounts of target for application to an array 
can be empirically determined, for instance by applying 
varying amounts of the target to an array, producing cryo 
sections from the array, and probing a cryosection With a 
probe knoWn to interact With at least one target mixture 
molecule. In this manner, it is possible to empirically 
determine a range of target amounts that Will produce 
interpretable results With any collection of desired targets. 

C. Formation of Sample Wells 
Sample-receiving Wells in CryoArrays can be produced 

by any method that places elongated, substantially columnar 
Wells (sample receiving receptacles) into the block substrate. 
In some embodiments, this involves placing a plurality of 
pin-like intrusions into the block substrate before it is froZen, 
then removing the pins to leave a plurality of Wells in the 
block. Alternatively, Wells can be drilled or punched into a 
froZen block of embedding medium. In some embodiments, 
the Wells have a bottom, in that there are not holes that pass 
through the entire thickness of the cryoblock. 

Optionally one or more orientation Wells (as illustrated in 
FIG. 5B) may be included in the block, to permit reliable 
orientation of the cryosections; these orientation Wells can 
be ?lled With a colored solution or another detectable and 
identi?able substance or molecule. Optionally, one or more 
control samples may be included in the array, to serve as 
positive (or negative) controls for probing the individual 
cryosections. Control samples can be placed in any of the 
sample Wells Within the array, though it is particularly 
envisioned that control samples Would be placed along one 
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roW (or column) of sample Wells, or at a comer, or in some 
other recogniZable pattern Within the array. 

Orientation Wells, used to reliably identify the orientation 
of cryosections removed from a cryoblock, are in some Way 
distinguishable from sample Wells on the same block, and 
can for instance be of a different siZe or shape than sample 
Wells, though this is not essential. Similarly, it is not 
essential that all the sample Wells in an array block be the 
same siZe or shape, though this facilitates direct comparison 
of quanti?ed signals. In some embodiments, orientation 
Wells are placed aWay from, or out of the ordered pattern of, 
the matrix of sample Wells. 

D. Protein-Based CryoArrays 
CryoArrays provide several advantages over prior tech 

nologies and methods used for analysis of molecule 
molecule interactions, for instance protein-molecule inter 
actions (e.g., protein-protein, protein-nucleic acid, protein 
ligand, protein-antibody). Additionally, because CryoArrays 
are generated under very cold conditions, as Well as non 
denaturing conditions, they provide a simple system for 
detecting native interactions betWeen molecules (e.g., 
polypeptides) contained in the individual features and probe 
molecules, as Well as functional assaying of proteins on the 
arrays in some embodiments. 

Targets on examples of protein-based CryoArrays may 
comprise mixtures of proteins or peptides (e.g., that have 
been isolated from a cell or tissue, or an environmental 
sample), or individual puri?ed oligopeptides, polypeptides, 
proteins, or fragments of these molecules. Oligopeptides, 
containing betWeen about 8 and about 50 linked amino 
acids, can be synthesiZed readily by chemical methods. 

Longer polypeptides or proteins, on the other hand, con 
tain up to several thousand amino acid residues, and are not 
as easily synthesiZed through in vitro chemical methods. 
Instead, polypeptides and proteins for use in CryoArrays are 
usually expressed using one of several Well-known cellular 
expression systems. Alternatively, individual proteins can be 
isolated from their native environment, for instance from 
tissue samples or environmental samples, or from expres 
sion chambers in the case of engineered expressed polypep 
tides. After extraction and appropriate puri?cation, the 
polypeptide can be injected or otherWise placed into the 
array using any of a variety of techniques. 

In one embodiment, the CryoArray is loaded With puri?ed 
and identi?ed individual proteins, for instance knoWn anti 
gens from disease organisms, proteins from disease 
organisms, or proteins that are characteristic of a condition 
(e.g., cancer), and the resultant cryosections are probed 
using antibody from a subject (e.g., a serum preparation) in 
order to detect or quantify infection or exposure to a disease 
organism, or the presence of a disease or condition. 

In another embodiment, the CryoArray is loaded With 
puri?ed individual or mixed protein preparation, and array 
sections are probed for the presence (or absence, or quantity) 
of a post-translational modi?cation of the proteins (e.g., 
phosphorylation). 

Other embodiments of CryoArrays are loaded With indi 
vidual uncharacteriZed or partially characteriZed antibodies 
(e.g., from neWly generated potential monoclones). The 
production of a desired antibody by individual clones can be 
detected by probing cryosections from such an array With 
pure protein or antigen that Was used to generate the clones. 

In other embodiments, CryoArrays are loaded With 
puri?ed, knoWn antibodies, for instance a set of antibodies 
to antigens of disease organisms or cancers, and the resultant 
cryosections probed With a mixed protein preparation (e g., 






















