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Gene expression assays conducted by elemental analysis

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Patent Application 60/772,588

filed February 13, 2006 entitled "Metal-tagged oligonucleotide gene expression analysis by

ICP-MS", the entire contents of which are herein incorporated by reference.

COPYRIGHT AND LEGAL NOTICES

A portion of the disclosure of this patent document contains material which is subject to copy¬

right protection. The copyright owner has no objection to the facsimile reproduction by any-

one of the patent document or the patent disclosure, as it appears in the Patent and Trademark

Office patent files or records, but otherwise reserves all copyrights whatsoever.

FIELD

[0001] The invention relates to a rapid and sensitive assay employing elemental

analysis for gene expression analysis using complementary oligonucleotides labeled with

element tags or attached to element imbibed supports.

INTRODUCTION

[0002] Biological "samples" refers to any sample of a biological nature that requires

analysis. For example, samples may include biological molecules, tissue, fluid, and cells of

an animal, plant, fungus, or bacteria. They may also include molecules of viral origin. Typi-

cal samples include, but are not limited to, sputum, blood, blood cells (e.g., white cells), tissue

or fine needle biopsy samples, urine, peritoneal fluid, and pleural fluid, or cells there from.

Biological samples may also include sections of tissues such as frozen sections taken for his¬

tological purposes. Another typical source of biological samples are viruses and cell cultures

of animal, plant, bacteria, fungi where gene expression states can be manipulated to explore

the relationship among genes. Other examples are known to those skilled in the art.

[0003] "RNA sample" is an ribonucleic acid (RNA) preparation of a biological sam¬

ple. It includes not only the mature mRNA, but also the RNA processing intermediates and

nascent pre-mRNA transcripts. For example, total mRNA purified with poly (T) column con¬

tains RNA molecules with poly (A) tails. Those poly A+ RNA molecules could be mature

mRNA, RNA processing intermediates, nascent transcripts or degradation intermediates.

[0004] "Nucleic acid" as used herein refers to a deoxyribonucleotide or ribonucleo¬

tide polymer in either single- or double-stranded form such as any DNA or RNA or

DNA/RNA hybrid molecule. The term refers to any DNA including, but not limited to, ge-



nomic DNA, mitochondrial DNA, plasmid DNA, chloroplast DNA, cDNA, amplified DNA

or RNA fragments, total RNA, messenger RNA, small nuclear RNA.

[0005] "Oligonucleotide" is a single-stranded nucleic acid ranging in length from 2

to about 1000 nucleotides, more typically from 2 to about 500 nucleotides in length. It may

also include "locked nucleic acid" molecules (LNA).

[0006] "LNA" refers to bi-cyclic high-affinity RNA analogs in which the furanose

ring of the ribose sugar is chemically locked in an RNA-mimicking conformation by the in¬

troduction of an O2',C4'-methylene bridge, resulting in unprecedented hybridization affinity

toward complementary DNA and RNA molecules. The thermal stability and improved mis-

match discrimination of short LNA-modif ϊ ed oligonucleotides has made them useful for sin¬

gle nucleotide polymorphism (SNP) genotyping assays, antisense-based gene silencing and

gene expression profiling.

[0007] "Target nucleic acid" refers to a nucleic acid (often derived from a biological

sample and hence referred to also as a sample nucleic acid), to which a complementary oli-

gonucleotide probe specifically hybridizes. The target nucleic acids can be derived from any

source of nucleic acids (e.g., including, but not limited to chemical syntheses, amplification

reactions, forensic samples, etc.). It is either the presence or absence of one or more target

nucleic acids that are to be detected, or the amount of one or more target nucleic acids that is

to be quantified. The target nucleic acid(s) that are detected preferentially have nucleotide

sequences that are complementary to the nucleic acid sequences of the corresponding oli¬

gonucleotide probe(s) to which they specifically bind (hybridize). The term target nucleic acid

may refer to the specific subsequence of a larger nucleic acid to which the probe specifically

hybridizes, or to the overall sequence (e.g., gene or mRNA) whose abundance (concentration)

and/or expression level it is desired to detect. Other variations of this definition are known to

those skilled in the art.

[0008] "Probe" refers to a nucleic acid that binds to a target nucleic acid of comple¬

mentary sequence through complementary base pairing, usually hydrogen bond formation. As

used herein, an oligonucleotide probe may include natural (i.e. A, G, C, or T) or modified

bases (for example, but not limited to, 7-deazaguanosine, inosine, etc.) as is known to those

skilled in the art. In addition, the bases in an oligonucleotide probe may be joined by a linkage

other than a phosphodiester bond, so long as it does not interfere with hybridization. Thus,

oligonucleotide probes may be peptide nucleic acids in which the constituent bases are joined

by peptide bonds rather than phosphodiester linkages. Expression of a particular transcript

may be detected by a plurality of probes, typically, 5, 10, 15, 20, 30 or 40 probes. Each of the

probes may target different sub-regions of the transcript. However, probes may overlap over



targeted regions. Probes may be selected or designed using a selection program such as

Primer3 from Massachusetts Institute of Technology (MIT). According to the invention,

probes may be labeled with an elemental tag at the 3' or 5 ' end, or in the middle of the oli¬

gonucleotide. In one embodiment, the probes are immobilized to the support through the one

of the ends. Other examples of probe are known to those skilled in the art.

[0009] "A support" is a surface which has been functionalized by, for example, pyr-

role-2,5-dione (maleimido), sulfonic acid anion, or p-(chloromethyl) styrene but not limited to

these. A support may, for example, be a synthetic membrane, bead (polystyrene, agarose,

silica, etc), planar surface in plastic microwells, glass slides, reaction tubes, etc (not limited to

these). The function of a support is to act as a solid phase for the coupling of probes or target

molecules. Yet in another variation of this definition, which is known to those skilled in the

art, the support means any surface between two different states of matter: liquid and solid,

solid and solid, liquid and liquid, liquid and gas, gas and solid and so on.

[0010] "Coupled to a support" means bound directly or indirectly thereto including

attachment by covalent binding, hydrogen bonding, ionic interaction, hydrophobic interaction,

or using specific ligands attached to the end of the oligonucleotide probe for specific interac¬

tion with ligand-binding molecules attached to the support, for example a bead.. For example,

such a system may include biotin-streptavidin, where the probe carries a biotin moiety and the

support is coated with streptavidin. Covalent chemical attachment of the oligonucleotide

probe to the support can be accomplished through the 5'-phosphate on the nucleic acid to the

coated support through a phosphamidate bond. Coupled to support may be achieved by means

of a spacer molecule to provide a space between the double stranded part of the probe and

target 1. Such methods for the immobilization of oligonucleotides to supports are well estab¬

lished in the art2 4 . Yet in another variation of this definition, which is known to those skilled

in the art, the coupling to support means functional attachment to boundary between two dif

ferent states of matter: liquid and solid, solid and solid, liquid and liquid, liquid and gas, gas

and solid and so on.

[0011] "Element labeled bead" is a type of support bead (for example, but not lim¬

ited to, polystyrene, agarose, silica, etc) which functionally incorporates or is imbibed with an

element or multitude of elements with one or many isotopes. As is known to those skilled in

the relevant arts, an element can be an atomic part of chemical moiety.

[0012] "Uniquely labeled bead" refers to a physical entity of a multitude of atoms of

one or more isotopes of one or more elements imbibed in a bead such that one type of said

bead labeled with one type of said elements is distinguishable from any other type of said

elements by elemental analysis. Each uniquely labeled support bears a multitude of similar or



different oligonucleotides capable of hybridizing specifically to a particular target nucleic

acid.

[0013] "Element tag" is a chemical moiety which includes an elemental atom or

multitude of elemental atoms with one or many isotopes attached to a supporting molecular

structure. The element tag also comprises the means of attaching the tag to a substrate, which

can include (but is not limited to) pyrrole-2,5-dione (maleimido), sulfonic acid anion, or p-

(chloromethyl)styrene (for thiol, N-terminus, or C-terminus, respectively). An elemental tag

may be distinguishable from a multitude of other element tags in the same sample because its

elemental or isotopic composition is different than that of the other tags.

[0014] "Transition element" means any element having the following atomic num¬

bers, 21-29, 39-47, 57-79 and 89. Transition elements include the rare earth elements, lantha-

nides and noble metals. (Cotton and Wilkinson, 1972).

[0015] An "affinity product" or "affinity reagent" refers to biological molecules (an¬

tibody, aptamer, lectin, sequence-specific binding peptide, etc) which are known to form

highly specific non-covalent bonds with respective target molecules (peptides, antigens, small

molecules, etc). Affinity reagent labeled with a unique element tag is an affinity product la¬

beled with an element tag that is unique and distinguishable from a multitude of other element

tags in the same sample.

[0016] "Hybridizes specifically to", refers to the binding, duplexing, or hybridizing

of a nucleic acid molecule preferentially to a particular nucleotide sequence under stringent

conditions when that sequence is present in a complex mixture (e.g., total cellular) DNA or

RNA. Optimization of hybridization conditions is well known to those of skill in the art and

are reviewed in WO 95/21944 5. The term "stringent conditions" refers to conditions under

which a probe will hybridize preferentially to its target subsequence, and to a lesser extent to,

or not at all to, other sequences. Stringent conditions are sequence-dependent and will be dif¬

ferent in different circumstances. Longer sequences hybridize specifically at higher tempera

tures. Typically, stringent conditions will be those in which the salt concentration is at least

about 0.01 to 1.0 M Na+ (or other salts) at pH 7.0 to 8.3 and the temperature is at least about

3O0C. for short probes (e.g., 10 to 50 nucleotides). Stringent conditions may also be achieved

with the addition of destabilizing agents such as formamide, as is known to those skilled in

the art.

[0017] "In situ hybridization" refers to a hybridization technique in which the hy

bridization reaction between the complementary single-stranded nucleic acid probe and en

dogenous target is carried out in specially prepared cells or histological sections without puri-

fication of target nucleic acid.



[0018] "Background signal intensity" refers to hybridization signals resulting from

non-specific binding, or other interactions, between the target nucleic acids and labeled o li

gonucleotide (e.g., the oligonucleotide probes, control probes, etc.).

[0019] "Mismatch probes" provide a control for non-specific binding or cross-

hybridization to a nucleic acid in the sample other than the target to which the probe is d i

rected.

[0020] "Oligo(dT)n-elemental tag" is a metal labeled oligonucleotide comprised of a

number (n) of deoxythimidine triphosphate nucleosides and additional nucleosides as in

oligo(dT)-LNA complex, used as hybridization probe for polyadenylation regions of mRNA.

The number of deoxythimidine triphosphate nucleosides can range from about 6 to about 50.

[0021] "Elemental analysis" is a process where a sample is analyzed for its elemental

composition and sometimes isotopic composition. Elemental analysis can be accomplished by

a number of methods, including: optical atomic spectroscopy, such as flame atomic absorp¬

tion, graphite furnace atomic absorption, and inductively coupled plasma atomic emission,

which probe the outer electronic structure of atoms; mass spectrometric atomic spectroscopy,

such as inductively coupled mass spectrometry, which probes the mass of atoms; X-ray fluo¬

rescence, particle induced x-ray emission, x-ray photoelectron spectroscopy, and Auger elec¬

tron spectroscopy which probes the inner electronic structure of atoms.

[0022] "Elemental analyzer" is an instrument for the quantitation of the atomic com-

position of a sample employing one of the methods of elemental analysis.

[0023] "Particle elemental" analysis is a process where an analyzed sample, com¬

posed of particles dispersed in a liquid (beads in buffer, for example), is interrogated in such

manner that the atomic composition is recorded for individual particles (bead-by-bead, for

example). An example of the analytical instrument is a mass spectrometer-based flow cy-

tometer.

[0024] "Solution elemental analysis" is a process where an analyzed sample is inter¬

rogated in such manner that the atomic composition is averaged over the entire volume of the

sample.

[0025] "An internal standard" is defined as a known amount of a compound, differ-

ent from analyte that is added to the unknown. Signal from analyte is compared with signal

from the internal standard to find out how much analyte is present. An internal standard may

be used when performing mass spectrometry quantitation. An internal standard can be also

used by other means known to those skilled in the art.



[0026] "Fixing and permeabilization" refers to chemical cross-linking of cellular

components by agents such as glutaraldehyde, formaldehyde, formalin, ethanol, methanol,

etc., and creating holes in the cell membrane with detergents. Suitable detergents may be

readily selected from among non-ionic detergents. Desirably, these detergents are used at a

concentration between about 0.001% to about 0.1%. One detergent that may be used is Triton

X-100 (Sigma T9284). Examples of other suitable detergents include Igepal and Nonidet P-

40. Other suitable detergent may be readily selected by one of skill in the art.

[0027] The Human Genome project has opened access to a wealth of genetic se

quence information that will help diagnose and treat many types of human diseases. However,

gene profiling in medicine requires fine-tuning of existing methods and introduction of new

sensitive and robust technologies. Genomic screening methods for monitoring thousands of

genes simultaneously include such technologies as DNA microarrays, differential display, and

serial analysis of gene expression (SAGE). The basic principle of all arrays is the hybridiza

tion of fluorescent or biotin labeled cRNA or cDNA species generated from sample RNA to

oligonucleotides or complementary DNA molecules attached to solid supports. Presently,

gene chip arrays are the predominant platform used, where a slide glass surface is the sub

strate and fluorescence - method of detection 6 10 . Alternative to planar microarrays are bead

arrays being developed by Luminex, BD Biosciences, Illumina and many others. Microsphere

arrays are created by either impregnating beads with different ratios of fluorescent dye or

combinations of quantum dots or by physically etching barcodes on the bead surface". Mi¬

croarrays essentially represent cumulative signals from many individual cells and involve loss

of information concerning single cells. Sample preparation and universal reference standards

are critical since genomic information obtained from a heterogeneous population of cells will

interfere with the gene profile of a particular cancer cell.

[0028] DNA diagnostic methods usually involve amplification of target sequences to

increase the sensitivity and specificity of the assays through polymerase chain reaction (PCR)

or other similar amplification technologies. In the PCR method 12 two primer sequences are

prepared which are complementary to regions on opposite complementary strands of the tar¬

get sequence. An excess of deoxynucleoside triphosphates are added to a reaction mixture

along with a thermostable DNA polymerase (e.g., Taq polymerase). If the target sequence is

present in a sample, the primers will bind to the target and the polymerase will cause the

primers to be extended along the target sequence by adding on nucleotides. By raising and

lowering the temperature of the reaction mixture, the extended primers reaction products will

dissociate from the target to become new targets. The excess primers will bind to the target

and to the reaction products and the process is repeated.



[0029] Several methods for multiplexed detection of nucleic acids in single cells ex¬

ist, but they do not currently combine quantification with massive multiplexing. Semi¬

quantitative in situ hybridization histochemistry (ISH) is a technique used to detect the pres¬

ence and estimate the relative abundance of specific RNA sequences in a single cell 13;14 . The

visualization of signal is usually achieved by chromogenic substrates or fluorochrome dyes

and is not readily amenable to multiplexing. Cytogeneticists have also developed a unique

chromosome characterization method termed fluorescent in situ hybridization (FISH) 15 17,

which uses fluorescently labeled nucleic acids to visualize complementary sequences by hy¬

bridization in both fixed biological structures and living cells. RNA FISH aims to localize

mRNA to its transcription site in a cellular compartment. Work by Levsky and co-workers 18

employing advanced computational fluorescence microscopy and multiplex oligomer DNA

probes has demonstrated the feasibility of generating a simultaneous FISH profile for eleven

genes in the nuclei of in vitro cultured cells. Furthermore, by using time-lapse video micros¬

copy it was possible to visualize an inducible array of transcription sites, mRNA synthesis

and protein products in living cells 19 . Fourier spectroscopy-based spectral imaging (SIm) has

been suggested for the quantitative analysis of RNA species 20. Relative amounts of RNA were

detected by hybridizing to six uniquely labeled cDNA probes specific for different tyrosine

kinase genes and spectral images were analyzed using prerecorded reference spectra and de-

convolution software. Quantitative fluorescence in situ hybridization (Q-FISH) in combina-

tion with flow cytometry, called Flow-FISH, has also been applied to the study of telomere

lengths in leukemia cell lines using conditions optimized for routine and fast analysis 2 1.

[0030] Thus, the development of a highly sensitive, quantitative and multiplex sys¬

tem for gene and protein expression analysis in single cells remains an elusive goal for mo

lecular research and diagnosis. Elemental analysis , combined with purpose-specific reagents,

has the potential to achieve this goal.

[0031] Microspheres or beads are an attractive option for supporting surface chemis¬

tries of immunoassays. In a manner similar to 96 well plates, various compositions, coatings

or conjugated groups can be constructed or added to provide the required surface chemistry.

One of the advantages of microspheres is the ability to increase the reaction surface area per

volume of the reaction mixture, which provides a reliable means of increasing the capacity

and dynamic range potential of an immunoassay. In the following example, immunoassays

were coupled with ICP-MS detection 22. Flow cytometry initially developed for multiparamet-

ric cell analysis is also widely used to detect antigens and oligonucleotide probes conjugated

to the surface of microspheres 23 .

[0032] Conventional microsphere technology, based on fluorochrome emission de

tection, is thought to hold great promise as a tool to probe both genomic and proteomic func-



tion. Particle elemental analysis of uniquely labeled beads is poised to revolutionize gene ex¬

pression studies, clinical diagnostics and cancer research. Polystyrene beads with embedded

metals are coated with a thin polysilane layer to prevent elemental leaching commonly used in

bonded-phase chromatography. Polystyrene beads are prepared according to conventional

emulsion polymerization with styrene as monomer and potassium persulfate or benzoyl per¬

oxide as polymerization agents. Allele-specific oligonucleotides (complementary probes) are

covalently immobilized on the surface. Particles may carry 1 or more 8 different complemen¬

tary oligonucleotide probes for the same gene. Hybridization is carried out with isolated

mRNA or PCR products from a biological sample (target genes) to which element tags are

added for target identification. Particles are subjected to flow-elemental analysis, for example

flow-ICP-MS one by one to identify particle category and quantify the gene expression level.

Microspheres imbibed with one element (Eu) and derivatized with carboxyl residues are

available from Seradyn Inc. and are tested as proof of principle experiments in the applicant's

teaching. The requirements for an elemental tag are relaxed in comparison to those for a fluo-

rescent tag since the chemical nature of an element is not important for its detection by ICP-

MS. A fundamental of the method requires that the element tags contain a reproducible and,

preferably, large number of atoms of a given isotope. Reproducibility in the number of identi¬

cal atoms incorporated is a basis for quantitative analysis, and an increase in the number of

those atoms improves the sensitivity linearly.

[0033] A novel flow-based ICP-MS instrument may be used for gene expression

profiling of single leukemia cells by particle elemental analysis. For this purpose abundant

mRNA species may be detected by in situ hybridization. Multiplexing may be achieved by

labeling oligonucleotide probes with different rare metal element tags that can be uniquely

identified by the ICP-MS instrument. Sensitivity of RNA detection can be improved by using

three to eight oligonucleotide probes per transcript and each probe labeled with multiple tags

of a given element. Prior to multiplexing experiments with several genes, each transcript is

hybridized separately to ensure that the level of expression is independent of multiplexing. An

individual cell is estimated to express approximately 10,000 species of mRNA with the total

RNA amount around 1-10 pg. Medium abundant transcripts range from 20 to 100 copies per

cell, while highly abundant - more than 1000 copies of fusion transcripts in leukemia patient

samples. Direct comparison of single-cell RNA profiling by flow-ICP-MS with previously

performed microarray analysis may serve to validate the novel method. Selection of genes of

interest may be performed with the help of publicly available databases such as NCBI

(http://www.ncbi.nlm.nih.gov/UniGene/), Integrated Molecular Analysis of Genomes and

their Expression (IMAGE) Consortium and The Institute for Genomic Research

(http://www.tigr.org). Furthermore, in situ hybridization using element tagged complimentary



oligonucleotides and performed with homogeneous cell samples (cultured cell lines, leukemia

samples from patients in blast crisis) may be analyzed by solution ICP-MS to determine the

average gene expression profile averaged over the entire sample (schematic representation is

given in Figure 2A).

[0034] Ready made cDNA hybridization probes to some leukemia relevant genes

(G-CSF receptor, Bax, Bcl-2, c-Fos, etc.) labeled with biotin can be obtained from commer¬

cial sources (Maxim Biotech Inc., GeneDetect Inc.) and research laboratories. Oligonucleo

tide probes are designed using software algorithms (commercial and publicly available) that

select a sequence with optimal hybridization parameters as is known to those skilled in the art

such as melting temperature (Tm), 50% G+C content, desired length of the probe. In the se

lection process an attempt is made to minimize the formation of hairpin structures and dimers

between probes and decrease cross-homology with other target sequences. Oligonucleotides

may be synthesized by standard methods known in the art, e.g. by use of an automated DNA

synthesizer (such as are commercially available from Biosearch, Applied Biosystems, etc.).

As examples, phosphorothioate oligonucleotides may be synthesized by the method of Stein

et al.24 In the applicant's teaching, carboxyl- or amino allyl-modif ϊ ed oligonucleotides may be

attached to elemental tags or uniquely labeled supports, for example beads, through functional

chemistry. Placing a functional group at the 5' end of the DNA strand and employing a suit

able reagent to link the modified DNA to the surface of uniquely labeled supports, for exam-

pie beads, will enable the covalent attachment of nucleic acids to supports. For example, to

attach an amine-tagged DNA to carboxyl-modified particles, carbodiimide (EDC) chemistry

may be used.

[0035] The invention provides for greater sensitivity and accuracy in the rapid analy¬

sis of hundreds of thousands of mRNA molecules. It further provides improved efficiency and

accuracy of detection of gene expression levels by excluding fluorescent labeling of mRNA

targets, at the same time ensuring a quantitative and high throughput measurement of RNA

levels in a biological sample. The invention can also be used to detect other nucleic acids, for

example, genomic DNA. For example, a single DNA strand is attached to an element tag on

one end and the whole molecule is hybridized to a complementary oligonucleotide tethered to

a uniquely labeled support (for example a bead).

SUMMARY

[0036] These and other features of the applicant's teachings are set forth herein.

[0037] An aspect of the applicant's teachings is to provide a method for cellular

analysis, comprising: (a) providing a cell or a cellular particle; (b) fixing the cell or the cellu-

lar particle; (c) incubating the cell or the cellular particle in a hybridization solution with a



probe specific for a target nucleic acid, the probe labeled with a unique element tag such that

one type of said probe labeled with one type of said tag is distinguishable from any other type

of said probe labeled with a different type of said tag by elemental analysis;(d) separating un-

hybridized probe from probe hybridized to the target nucleic acid by stringent washing condi-

tions; and (e) analyzing the cell or cellular particle by elemental analysis to identify the probe

and quantitate the probe bound to the target nucleic acid. Two or more differential probes

labeled with differential element tags can be hybridized to two or more target nucleic acids.

The target nucleic acid can be selected from the group consisting of intracellular nucleic acid

molecules, matrix RNA, microRNA, gene transcript precursor RNA, messenger RNA, trans-

port RNA, ribosomal RNA, chromosomal DNA, mitochondrial DNA, chloroplast DNA, viral

DNA, viral RNA, bacterial DNA, bacterial RNA, and plasmid DNA. The method can further

comprise simultaneous analysis of surface and/or intracellular protein molecules, surface

and/or intracellular lipid molecules, surface and/or intracellular polysaccharide molecules,

and/or surface and/or intracellular small molecules. The small molecules can be selected

from the group consisting of vitamins, hormones, haptens and nucleosides (for example, ATP,

ADP, cyclic AMP and NADH).

[0038] Further to the aspect above, the cell or cellular particle can be reacted with

affinity reagents specific for surface or/and intracellular molecules, and the affinity reagents

are labeled with element tags comprising a chemical moiety of a multitude of atoms of one or

more isotopes of one or more elements attached to a supporting molecular structure, such that

one type of said affinity reagent labeled with one type of said tag is distinguishable from any

other type of said tag by elemental analysis, and followed by separating unbound affinity re¬

agents from bound affinity reagents. The surface or/and intracellular molecules can be pro¬

teins, lipids, polysaccharides and/or small molecules. The affinity reagents can be selected

from the group consisting of .antibodies, aptamers, lectins and small molecules. The cell can

be a whole cell of an animal, plant, bacterium or fungus. The cellular particle can be selected

from the group consisting of an isolated chromosome, an isolated nucleus, an isolated mito¬

chondria, an isolated chloroplast, an isolated virus, and an isolated bacterium. The probe can

be selected from the group consisting of an oligonucleotide probe., a locked nucleic acid

(LNA) molecule, a peptide nucleic acid (PNA) molecule,, a plasmid DNA, an amplified

DNA, an amplified, a fragment of RNA and a fragment of genomic DNA.

[0039] Another aspect of the applicant's teachings is to provide a method for homo¬

geneous analysis of biological molecules, comprising: (a) incubating biological molecules

with affinity reagents labeled with element tags and uniquely tagged particles such that one

type of said particles labeled with one type of said tags is distinguishable from any other type

of said particle labeled with a different type of said tags by elemental analysis, under condi-



tions to enable the affinity reagents to bind with the biological molecules; (b) separating the

particles with bound biological molecules from unbound particles; (c) measuring the bound

particles by particle elemental analysis wherein the particles are dispersed in a liquid to meas

ure quantitatively the atomic and isotopic composition of individual particles, thereby detect-

ing the types and the numbers of biological molecules attached to said particles. The particles

can be beads. The biological molecules can be from a tissue or a cell sample. The sample

can be selected from the group consisting of an animal sample, a plant sample, a bacterium

sample, and a fungal sample. The biological molecules can be selected from the group con¬

sisting of mRNA, protein, lipids, polysaccharides and small molecules. The binding of bio-

logical molecules with affinity reagents can comprise the hybridization of mRNA molecules

with oligonucleotides attached to uniquely tagged microspheres. The oligonucleotides can

comprise of a number of deoxythimidine triphosphate nucleosides and complementary nu¬

cleic acid probes attached to uniquely tagged microspheres. The complementary nucleic acid

probes can be selected from the group consisting of oligonucleotides, LNA, PNA and plasmid

DNA. The biological molecules can be selected from the group consisting of proteins, lipids,

polysaccharides and small molecules and they bind with elemental tagged affinity reagents

bound to uniquely tagged microspheres. The affinity reagents can be selected from the group

consisting of antibodies, aptamers, and lectins, nucleic acids, binding peptides, protein recep¬

tors, and phospholipids.

[0040] Another aspect of the applicant's teachings is a kit for the detection and

measurement of an element in a sample, where the measured element is an element tag at¬

tached to a specific probe complementary to a nucleic acid of interest, comprising: (a) an ele

ment tag for directly tagging a complementary probe; and (b) a complementary probe. The

kit can further comprise instructions for i) direct tagging of the probe with the element tag; ii)

fixing and permeabilizing a cell or cellular particle; iii) incubating the cell or cellular particle

with the element tagged probe in a hybridization solution; iv) separating bound probe from

unbound probe; v) dissolving the cell or cellular particle with hybridized material, and vi) de¬

tecting and measuring the element tagged probe. The detecting and measuring can be done by

volume elemental analysis or particle elemental analysis.

[0041] Another aspect of the applicant's teachings is to provide a kit for the detec¬

tion and measurement of an element in a sample, where the measured element is an element

tag attached to a specific probe complementary to a nucleic acid of interest, comprising: (a) a

complementary probe tagged with an element tag. The kit can further comprising instructions

for i) fixing and permeabilizing a cell or cellular particle; ii) incubating the cell or cellular

particle with the element tagged probe in a hybridization solution; iii) separating bound probe



from unbound probe; iv) dissolving the cell or cellular particle with hybridized material, and

v) detecting and measuring the element tagged probe.

[0042] The kits described above can further comprise a multitude of specific probes

complementary to a multitude of nucleic acids and a multitude of unique element tags for

uniquely labeling each type of probe. The kits described above can further comprise (a) an

affinity reagent for an intra or extracellular biological molecule selected from the group con¬

sisting of a protein, a lipid, a polysaccharide and a small molecule; and (b) an elemental tag

for labeling the affinity reagent for the biological molecule. The kits can comprise instruc¬

tions for (i) tagging the affinity reagent for the biological molecule, (ii) incubating the cell or

cellular particle with the affinity reagent for the biological molecule; (iii) separating bound

affinity reagent for the biological molecule from unbound reagent for the biological molecule;

and (iv) detecting and measuring the bound reagent for the biological molecule. Finally, the

kits can comprise a multitude of specific reagents for a multitude of biological molecules and

a multitude of elemental tags for uniquely labeling each type of affinity reagent for each type

of biological molecule.

[0043] Another aspect of the applicant's teaching is to provide a kit for the detection

and measurement of an element, where the measured element is an element tag attached to

oligo(dT)n which is attached to distinguishable element labeled particles, comprising: (a) an

element tag for directly tagging oligo(dT)n; (b) oligo(dT)n; (c) a multitude of distinguishable

element labeled particles; and (d) a multitude of complementary probes. The kit can further

comprise instructions for i) directly attaching the multitude of complementary probes to dis

tinguishable element labeled particles; ii) performing nucleic acid purification; (iii) attaching

the element tag to the oligo(dT)n; iv) reacting the complementary probes with the element

tagged oligo(dT)n; v) hybridizing the complementary probes attached to element tagged

oligo(dT)n which are attached to distinguishable element labeled particles in a solution with a

target nucleic acid; vi) separating bound particles from unbound particles; vii) detecting and

measuring the bound particles by particle elemental analysis. The particles can be beads. The

multitude of complementary probes can be directly tagged with distinguishable elemental

tags.

[0044] Another aspect of the applicant's teachings is to provide kit for the detection

and measurement of an element, where the measured element is an element tag attached to

oligo(dT)n which is attached to distinguishable element labeled particles, comprising: (a) an

element tag for directly tagging oligo(dT)n; (b) oligo(dT)n; and (c) a multitude of comple¬

mentary probes attached to a multitude of distinguishable element labeled particles. The kit

can further comprise instructions for i) performing nucleic acid purification; (ii) attaching the

element tag to the oligo(dT)n ; iii) reacting the complementary probes with the element



tagged oligo(dT)n; iv) hybridizing the complementary probes attached to element tagged

oligo(dT)n which are attached to distinguishable element labeled particles in a solution with a

target nucleic acid; v) separating bound particles from unbound particles; vi) detecting and

measuring the bound particles by particle elemental analysis.

[0045] Another aspect of the applicant's teachings is a kit for the detection and

measurement of an element, where the measured element is an element tag attached to

oligo(dT)n and elements of uniquely labeled particles attached to a complementary probe,

comprising: (a) an element tag labeled oligo(dT)n; and (b) a multitude of complementary

probes attached to a multitude of uniquely labeled particles. The kit further comprises instruc-

tions for i) performing nucleic acid purification; ii) hybridizing the complementary probes

attached to uniquely labeled particles with purified nucleic acid; iii) reacting uniquely labeled

particles with the metal tagged oligo(dT)n; iv) separating bound particles from unbound par¬

ticles; v) detecting and measuring the elements of bound particles by particle elemental analy¬

sis.

[0046] In a further aspect, the particle can be replaced by a solid support. For exam¬

ple the support could be a flat (for example glass or plastic) plate, a well-plate, a probe (in¬

serted into the sample) or other solid material. In this instance, the solid surface does not nec¬

essarily have to be element-labeled, since the position (on a plate or well plate) could indicate

the identity of the complementary probe that is attached thereto. The instructions would be

similar to (i) through (v) described above, but in this case only the element attached to the

oligo(dT)n is measured.

[0047] The kits described above can further comprise reagents and devices selected

from the group consisting of dissociation solutions, spin columns with nucleic acid binding

membranes, purification column for isolation and purification of nucleic acids from biological

samples, reagents and solutions for amplification of purified nucleic acids, standards, dilution

buffer, dissociation buffer, wash buffer, hybridization buffer and assay buffer. Endogenous

nucleic acids can be in situ amplified in morphologically intact cells. The element can be

measured using a mass spectrometer. The element can be an isotope or ion. The element can

be selected from a group consisting of the transition elements, noble metals, lanthanides, rare

earth elements, gold, silver, platinum, rhodium, indium and palladium. The element can in¬

clude more than one element and/or more than one isotope and/or more than one atom of an

isotope. The affinity products can be selected from the group consisting of antibody, Fab',

aptamer, antigen, hormone, growth factor, receptor, protein and nucleic acid. The kits can

also include instruction for particle elemental analysis.



BRIEF DESCRPTION OF THE FIGURES

[0048] The skilled person in the art will understand that the figures, described below,

are for illustration purposes only. The figures are not intended to limit the scope of the appli¬

cant's teaching in any way .The invention is illustrated in the figures, which are meant to be

exemplary and not limiting.

[0049] Figure 1. (A) In situ hybridization and flow cytometry detection of 28S rRNA

using biotinylated antisense oligonucleotdes ("oligos") in three different conditions. (1) - cor¬

responds to negative control cells hybridized with a non-sense biotinylated oligonucleotide

("oligo"), (2) - cells fixed with 4% paraformaldehyde 15 minutes, followed by Proteinase K

(5U/ml) for 15 minutes at room temperature and hybridized with 28S rRNA oligo; (3) - cells

treated with 4% para-formaldehyde 15 minutes and Proteinase K (5U/ml) for 15 minutes at

370C and hybridized with 28S rRNA oligo; (4) - cells fixed with 4% para-formaldehyde 15

minutes, followed by 0.3% Triton-XIOO, followed by Proteinase K (5U/ml) for 15 minutes at

370C and hybridized with 28S rRNA oligo. Conditions denoted by (4) were chosen for further

experiments. (B) Comparison of 28S rRNA in situ hybridization analyzed by flow cytometry

(left graph) and ICP-MS (right graph).

[0050] Figure 2. BCR/Abl (Break point cluster region/ Abelson leukemia) gene ex¬

pression analysis in leukemia cells by ICP-MS. (A) Schematic in situ hybridization of fixed/

permeabilized cells with a biotinylated oligonucleotide probe for BCR/Abl fusion gene. Bio-

tin is identified by streptavidin (StrAv) labeled with terbium (Tb). Cell pellet is dissolved in

HCL and analyzed by solution elemental ICP-MS analysis. (B) Experimental results for KG-

Ia cells (left graph) and K562 cells (right graph), hybridized with BCR/Abl antisense, 28S

rRNA (positive control) and non-sense oligo probes (B/A) and no probe (ctrl); background

and non-sense probe response values subtracted. Samples were run in triplicate. Data are pre-

sented as normalized ratio of terbium (Tb) to iridium (Ir) internal standard signal.

[0051] Figure 3. Epidermal growth factor receptor (EGFR) gene expression analysis

in adherent carcinoma cells by ICP-MS. A431 cells were hybridized with gene specific probes

to EGFR, D-cyclin, 28S rRNA (positive control), and non-sense negative control, B/A. (B/A

is a random oligo with random name used as negative control) Samples were run in triplicate.

Data are presented as normalized ratio of terbium (Tb) to iridium (Ir) internal standard signal.

[0052] Figure 4. Simultaneous protein and gene expression analysis in K562 leuke¬

mia cells by ICP-MS. (A) In situ hybridization with 28S rRNA and non-sense oligo probes

(B/A); (B) immunolabeling of BCR/Abl protein and negative control IgG values during hy¬

bridization. Samples were run in triplicate. Data are presented as normalized ration of euro-

pium (Eu) or terbium (Tb) to iridium (Ir) internal standard signal.



[0053] Figure 5. Work flow chart for in situ hybridization and gene expression

analysis by ICP-MS.

[0054] Figure 6. Work flow chart for element labeled bead gene expression analysis

by particle elemental analysis.

[0055] Figure 7. Work flow chart for simultaneous gene and protein expression

analysis by ICP-MS.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0056] The present invention comprises use of elemental tags. The choice of the

element to be employed in the methods of the applicant's teaching is preferably selected on

the basis of its natural abundance in the sample under investigation and whether the element

is toxic to the sample under investigation.

[0057] Most metals of the transition and rare earth groups are anticipated for use in

the applicant's teaching. It is wise to choose elements that have low or no cytotoxicity and

have a low abundance in growth media and biological samples. For example, vanadium and

mercury can be toxic to certain cells, while Fe, Cu and Zn can be present in high concentra¬

tions in some cell culture media. On the other hand, Pr, Ho, Tb, La, for example are normally

well tolerated by mammalian cells and are not abundant in the environment.

[0058] An unusual isotope composition of the tag element can be used in order to

distinguish between naturally present elements in the sample and the tag material. It is advan-

tageous if the relative abundance of the tag elements is sufficiently different from the relative

abundance of elements in a given sample under analysis. By "sufficiently different" it is

meant that under the methods of the present invention it is possible to detect the target ele¬

mental tag over the background elements contained in a sample under analysis. Indeed, it is

the difference in inter-elemental ratios of the tagging elements and the sample matrix that can

be used advantageously to analyze the sample.

[0059] It is feasible to select elemental tags, which do not produce interfering signals

during analysis (i.e. do not have over-lapping signals due to having the same mass). There

fore, two or more analytical determinations can be performed simultaneously in one sample.

Moreover, because the elemental tag can be made containing many copies of the same atoms,

the measured signal can be greatly amplified.

[0060] Aspects of the applicant's teachings may be further understood in light of the

following examples, which should not be construed as limiting the scope of the present teach¬

ings in any way.



[0061] Experiment 1

[0062] In one embodiment, wherein the work flow chart is presented in Figure 5, in

situ hybridization for ICP-MS detection is performed by first treating the tissue or cell sample

in such a way as to render target chromosomal and extrachomasomal nucleic acids available

for hybridization to complementary probes (fixation/permeabilization); then exposing the

sample to a probe or multiple probes labeled with different elemental tags and complementary

to genes of interest; thirdly, washing sample to eliminate excess unbound and non-specifically

interacting probe; finally subjecting the sample to particle or solution elemental analysis.

[0063] Experiment 2

[0064] For element labeled bead gene analysis by ICP-MS (work flow chart shown

in Figure 6), total RNA is isolated from a biological sample and is hybridized with uniquely

labeled beads conjugated to oligonucleotide probes; elemental tagged oligo(dT)20 probe; are

added to the mixture; finally, the beads are subjected to single particle ICP-MS analysis.

[0065] Total RNA is isolated from a given sample using methods known in the art.

For example, an acid guanidinium-phenol-chloroform extraction method can be used or a

commercial reagent such as TRIzol Reagent (GIBCOL Life Technologies) can be used for

isolation of RNA from mammalian tissue. Additionally, messenger RNA may be isolated by

oligo dT column chromatography or by using (dT)n magnetic beads (see, e.g., Sambrook et

al.25, F . Ausubel et al.26) . Conveniently, total RNA can be isolated from mammalian cells us-

ing RNeasy Total RNA isolation kit, for example (QIAGEN). A second cleanup after the

ethanol precipitation step in the TRIzol extraction using Rneasy total RNA isolation kit may

be beneficial. One round of RNA amplification may be required (Ambion kit). It will be ap

preciated by one of skill in the art that this provides an antisense (aRNA) pool. Where an-

tisense RNA is used as the target nucleic acid, the oligonucleotide probes are chosen to be

complementary to subsequences of the antisense nucleic acids. Conversely, where the target

nucleic acid pool is a pool of sense nucleic acids, the oligonucleotide probes are selected to be

complementary to subsequences of the sense nucleic acids. Finally, where the nucleic acid

pool is double stranded, the probes may be either sense or antisense as the target nucleic acids

include both sense and antisense strands.

[0066] Expression level controls are probes that hybridize specifically with constitu-

tively expressed genes in the biological sample and are used for normalization. Virtually any

constitutively expressed gene provides a suitable target for expression level controls. Typi¬

cally expression level control probes have sequences complementary to subsequences of con¬

stitutively expressed "housekeeping genes" including, but not limited to the beta-actin gene,

the transferring receptor gene, the GAPDH gene, HPRT, CPB, G6PD, 28S rRNA and the like.



[0067] The method of the invention can be used for nucleic acid detection, together

with protein detection for the identification of bacteria, forensic science and simultaneous

gene and protein expression analysis.

[0068] The method can also use a support as is known to those skilled in the art, for

example a slide, plate or well, in place of the beads or particles.

[0069] In a variation of this method, biological molecules (for example but not lim¬

ited to, proteins, lipids, polysaccharides), bind specific small molecules (for example but not

limited to, drugs, hormones, pheromones, sugars) that are labeled with elemental tags which

bind uniquely tagged supports coated with 'affinity reagents' against the biological molecules.

The supports are then analyzed by elemental analysis to identify the reaction of said biologi¬

cal molecules with the small molecules (for example, as in receptor binding a growth factor).

In this instance the small molecules are tagged directly and recognition of the small molecule

analytes is by virtue of their binding, via an affinity reagent to an element-labeled bead, and

the concomitance of the bead elemental signature with the small molecule's tag signature con-

firms and quantifies the small molecule.

[0070] Experiment 3

[0071] In yet another embodiment, the first series of examples were performed using

conventional ICP-MS instrumentation as a detector and commercial metal (lanthanide) con

taining affinity reagents. It is to be understood that other metals can be used and that other

instrumentation for elemental analysis can be used. Experiments employing biotinylated an-

tisense oligonucleotide probes designed to hybridize in situ to specific, disease-relevant genes

in human leukemia cells were used. The probes were identified by association with lantha¬

nide labeled streptavidin (see Figure 2A).

[0072] The feasibility of performing in situ hybridization with ICP-MS detection

was tested on a model human leukemia cell line and results were compared to flow cytometry

as shown in Figure 1. Experiments were carried out to define the optimal fixation and perme-

abilization conditions and in situ hybridization parameters for suspension cells which were

subsequently used for ICP-MS gene expression analysis. KG-IA cells were fixed as indi¬

cated in Figure 1 (legend) and then incubated in hybridization solution with 500 ng/ml of

biotinylated 28S rRNA probe (5'-biotin- ATCCAACGCTTGGTGAATTC-3 ' , human 28S

ribosomal RNA GL337381) or a non-sense biotinylated probe (B/A; negative control). Fol¬

lowing washing and blocking, streptavidin-PerCP (streptavidin labeled with peridin chloro-

phyll-a protein) was added. Figure IA shows histograms of fluorescence intensity obtained on

a FACSCalibur (BD Biosciences) flow cytometer. Figure IB shows an ICP-MS volume bulk

analysis: hybridized cells were reacted with streptavidin-Tb (DELFIA), washed and dissolved



m concentrated HCl with lppb Ir (indium internal standard). There is a clear hybridization

signal for human 28S rRNA detected by both flow cytometry (FCM) and ICP-MS. Thus, us¬

ing secondary affinity reagents labeled with metal (streptavidin-Tb) experimental conditions

were established for successfully identifying highly abundant constitutive transcripts in leu-

kemia cells by ICP-MS .

[0073] Expeπment 4

[0074] The next embodiment demonstrates that in situ hybridization with ICP-MS

detection is sensitive enough to detect moderately abundant leukemia-specific gene species.

For this purpose a human chronic myeloid leukemia cell line (K562), which is known to ex-

press the BCR/Abl oncogenic kinase ecoded by the b3a2 gene, and antisense oligonucleotides

were used. A schematic for the expeπment is shown in Figure 2A. We compared the expres

sion of b3a2 fusion gene in K562 cells and KG-IA cells (acute myeloid leukemia model cell

line; does not express BCR/Abl transcript) using a 5'-biotinylated BCR/Abl-specific antisense

probe (BCR/ABL), a 5'-biotmylated 28S rRNA probe (positive control) and a biotmylated

non-sense probe (B/A). Cells were fixed and permeabihzed as descπbed in Figure 1, then

separate cell samples were incubated in hybridization solution containing either biotmylated

BCR/Abl, 28S rRNA, non-sense probes or no probe. Following washing and blocking, strep-

tavidm-Tb was added. Analysis was done by solution elemental analysis where labeled cells

were dissolved in HCl/Ir and the entire sample (0.3e6 KGIa cells and 3e6 K562 cells per

sample) was subjected to elemental analysis by a conventional ICP-MS instrument. Results

are presented in Figure 2B. The graph on the left demonstrates that while the level of 28S

rRNA in KG-Ia cells is very high, the signal from BCR/Abl probe is at the levels of non¬

sense (B/A) and negative control (ctrl) responses. On the other hand, K562 cells (right graph

in Figure 2B) hybridize strongly with the BCR/Abl probe, approximately 14-fold lower than

with 28S rRNA. Thus, ICP-MS reliably detects BCR/Abl gene levels in K562 cells.

[0075] Expeπment 5

[0076] Yet in another embodiment in situ hybridization experiment was done using

adherent A431 human epidermoid carcinoma cells. These cells are known to overexpress epi¬

dermal growth factor receptor (EGFR). Cells were seeded into tissue culture grade 96-

multiwell plates and allowed to attach and proliferate for two days (~75e3 cells per well). The

cells were fixed and permeabihzed according to method (4) in legend of Figure 1.; washed

and hybridized with antisense oligonucleotide probes 5'-labeled with biotm: 28S rRNA,

EGFR, D-cyclin and B/A m the wells. Tnplicate wells were set up for each probe. The probes

were reacted with streptavidin-Tb. After washing, cells were dissolved m HCL/Ir and ana-

lyzed by solution ICP-MS. As evident from Figure 3, A431 cells express a high amount of



EGFR mRNA, substantially lower levels of D-cyclin (not all cells were proliferating) and

show a robust response for the positive probe, 28S rRNA.

[0077] Experiment 6.

[0078] The following experiment illustrates the unique capability of the applicant's

teachings to simultaneously detect protein and gene expression in the same cells (see Figure

7). For this purpose we used the K562 model cell line, which expresses high levels of p210

BCR/ AbI protein. Primary antibody that recognizes BCR/ AbI protein (Cell Signalling Tech-

nol., Inc) or isotype control IgG were applied to cells fixed and permiabilized in PermFlow

solution (InVirion, Inc.)- Cells were then washed with PBS and reacted with secondary anti-

rabbit-Eu conjugate (DELFIA, Perkin Elmer) (see Figure 4B). Following immunolabeling

cells were prehybridized in DAKO In situ Hybridization solution (DAKO, Inc.) and hybri d

ized with the 5'-biotinylated-28S ribosome RNA antisense probe or with the 5'-biotinylated-

B/A non-sense probe as negative control for 2 hours at room temperature. Stringent washes

with 4xSSC, 2xSSC, 0.2xSSC and PBS were performed to minimize non-specific hybridiza-

tion. Finally, the cells were incubated with streptavidin-Tb conjugate (DELFIA) and dis¬

solved in HClAr (Figure 4A). As evident from comparing Figure 4A and Figure 4B, cells

stained for BCR/ AbI protein expression (Eu) and probed for ribosomal gene expression (Tb)

gave significantly higher signals than cells stained for IgG control and B/A probe.

[0079] Kits:

[0080] The invention also provides kits comprising components to practice the

methods of the invention.

[0081] For example, a kit is provided for the detection and measurement of an ele

ment in a sample, where the measured element is an element tag attached to a specific probe

complementary to a nucleic acid of interest, comprising: (a) an element tag for directly tag-

ging a complementary probe; and (b) a complementary probe. The kit can further comprise

instructions for i) direct tagging of the probe with the element tag; ii) fixing and permeabiliz-

ing a cell or cellular particle; iii) incubating the cell or cellular particle with the element

tagged probe in a hybridization solution; iv) separating bound probe from unbound probe; v)

dissolving the cell or cellular particle with hybridized material, and vi) detecting and measur-

ing the element tagged probe. The detecting and measuring can be done by solution elemental

analysis or particle elemental analysis.

[0082] A kit is also provided for the detection and measurement of an element in a

sample, where the measured element is an element tag attached to a specific probe comple¬

mentary to a nucleic acid of interest, comprising: (a) a complementary probe tagged with an

element tag. The kit can further comprising instructions for i) fixing and permeabilizing a cell



or cellular particle; ii) incubating the cell or cellular particle with the element tagged probe in

a hybridization solution; iii) separating bound probe from unbound probe; iv) dissolving the

cell or cellular particle with hybridized material, and v) detecting and measuring the element

tagged probe.

[0083] The kits described above can further comprise a multitude of specific probes

complementary to a multitude of nucleic acids and a multitude of unique element tags for

uniquely labeling each type of probe. The kits described above can further comprise (a) an

affinity reagent for an intra or extracellular biological molecule selected from the group con

sisting of a protein, a lipid, a polysaccharide and a small molecule; and (b) an elemental tag

for labeling the affinity reagent for the biological molecule. The kits can comprise instruc¬

tions for (i) tagging the affinity reagent for the biological molecule, (ii) incubating the cell or

cellular particle with the affinity reagent for the biological molecule; (iii) separating bound

affinity reagent for the biological molecule from unbound reagent for the biological molecule;

and (iv) detecting and measuring the bound reagent for the biological molecule. Finally, the

kits can comprise a multitude of specific reagents for a multitude of biological molecules and

a multitude of elemental tags for uniquely labeling each type of affinity reagent for each type

of biological molecule.

[0084] Another kit is provided for the detection and measurement of an element,

where the measured element is an element tag attached to oligo(dT)n and elements of

uniquely labeled particles, comprising: (a) an element tag for directly tagging oligo(dT)n; (b)

oligo(dT)n; (c) a multitude of uniquely labeled particles; and (d) a multitude of complemen¬

tary probes. The kit can further comprise instructions for i) directly attaching the multitude of

complementary probes to uniquely labeled particles; ii) performing nucleic acid purification;

(iii) attaching the element tag to the oligo(dT)n; iv) hybridizing the complementary probes

attached to uniquely labeled particles with purified nucleic acid; iii) reacting bound uniquely

labeled particles with the metal tagged oligo(dT)n; iv) separating bound particles from un¬

bound particles; v) detecting and measuring the elements of bound particles by particle ele

mental analysis.. The particles can be beads. In a further aspect, the particle can be replaced

by a solid support. For example the support could be a flat (for example glass or plastic)

plate, a well-plate, a probe (inserted into the sample) or other solid material. In this instance,

the solid surface does not necessarily have to be element-labeled, since the position (on a

plate or well plate) could indicate the identity of the complementary probe that is attached

thereto. The instructions would be similar to (i) through (v) described above, but in this case

only the element attached to the oligo(dT)n is measured.

[0085] Another kit is provided for the detection and measurement of an element,

where the measured element is an element tag attached to oligo(dT)n which is attached to dis-



tinguishable element labeled particles, comprising: (a) an element tag for directly tagging

oligo(dT)n; (b) oligo(dT)n; and (c) a multitude of complementary probes attached to a multi

tude of distinguishable element labeled particles. The kit can further comprise instructions for

i) performing nucleic acid purification; (ii) attaching the element tag to the oligo(dT)n ; iii)

reacting the complementary probes with the element tagged oligo(dT)n; iv) hybridizing the

complementary probes attached to element tagged oligo(dT)n which are attached to distin

guishable element labeled particles in a solution with a target nucleic acid; v) separating

bound particles from unbound particles; vi) detecting and measuring the bound particles by

particle elemental analysis.

[0086] In a further aspect, the particle can be replaced by a solid support. For exam¬

ple the support could be a flat (for example glass or plastic) plate, a well-plate, a probe (in

serted into the sample) or other solid material. In this instance, the solid surface does not nec

essarily have to be element-labeled, since the position (on a plate or well plate) could indicate

the identity of the complementary probe that is attached thereto. The instructions would be

similar to (i) through (v) described above, but in this case only the element attached to the

oligo(dT)n is measured.

[0087] The kits described above can further comprise reagents and devices selected

from the group consisting of dissociation solutions, spin columns with nucleic acid binding

membranes, purification column for isolation and purification of nucleic acids from biological

samples, reagents and solutions for amplification of purified nucleic acids, standards, dilution

buffer, dissociation buffer, wash buffer, hybridization buffer and assay buffer. Endogenous

nucleic acids can be in situ amplified in morphologically intact cells. The element can be

measured using a mass spectrometer. The element can be an isotope or ion. The element can

be selected from a group consisting of the noble metals, lanthanides, rare earth elements, gold,

silver, platinum, rhodium, iridium and palladium. The element can include more than one

element and/or more than one isotope and/or more than one atom of an isotope. The affinity

products can be selected from the group consisting of antibody, Fab', aptamer, antigen, hor¬

mone, growth factor, receptor, protein and nucleic acid. The kits can also include instruction

for particle elemental analysis.

[0088] The kits can comprise the following components:

(a) In situ amplification reagents

(b) nucleic acid purification reagents and devices

(c) In situ hybridization buffer

(d) fixation and permeabilization solution



(e) washing solution

(f) dissolving reagent

[0089] The applicant's teaching provides the methods disclosed above. The methods

allow for:

(a) Multiplexing

(b) simultaneous analysis of protein and gene expression

(C) methods with or without amplification steps

(d) low cost analysis without costly polymerase enzymes

(e) gene analysis in a single cell

(f) absolute quantitation of gene expression

[0090] All references cited in the disclosure are herein incorporated by reference in

their entirety.

[0091] While the applicant's teachings are described in conjunction with various

embodiments, it is not intended that the applicant's teachings be limited to such embodiments.

On the contrary, the applicant's teachings encompass various alternatives, modifications, and

equivalents, as will be appreciated by those of skill in the art.
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Claims:

What is claimed is:

1. A method for cellular analysis, comprising:

(a) providing a cell or a cellular particle;

(b) fixing and permeabilizing the cell or the cellular particle;

(c) incubating the cell or the cellular particle in a hybridization solution with a

probe specific for a target nucleic acid, the probe labeled with a unique ele¬

ment tag such that one type of said probe labeled with one type of said tag is

distinguishable from any other type of said probe labeled with a different type

of said tag by elemental analysis;

(d) separating unhybridized probe from probe hybridized to the target nucleic

acid by stringent washing conditions; and

(e) analyzing the cell or cellular particle by elemental analysis to identify the

probe and quantify the probe bound to the target nucleic acid.

2. The method of claim 1 wherein two or more differential probes labeled with differen¬

tial element tags are hybridized to two or more target nucleic acids.

3. The method of claim 1 where the target nucleic acid is selected from the group con¬

sisting of intracellular nucleic acid molecules, matrix RNA, microRNA, gene transcript pre¬

cursor RNA, messenger RNA, transport RNA, ribosomal RNA, chromosomal DNA, mito-

chondrial DNA, chloroplast DNA, viral DNA, viral RNA, bacterial DNA, bacterial RNA,

and plasmid DNA.

4 . The method of claim 1 further comprising simultaneous analysis of surface and/or

intracellular protein molecules.

5. The method of claim 1 further comprising simultaneous analysis of surface and/or

intracellular lipid molecules.

6. The method of claim 1 further comprising simultaneous analysis of surface and/or

intracellular polysaccharide molecules.

7. The method of example 1 further comprising simultaneous analysis of surface and/or

intracellular small molecules, selected from the group consisting of vitamins, hormones, hap-

tens and nucleosides.

8. The method of claim 7 wherein the nucleosides are selected from the group consisting

of ATP, ADP, cyclic AMP and NADH.



9. The method of claim 1 where after step (b) the cell or cellular particle is reacted with

affinity reagents specific for surface or/and intracellular proteins, and the affinity reagents are

labeled with element tags comprising a chemical moiety of a multitude of atoms of one or

more isotopes of one or more elements attached to a supporting molecular structure, such that

one type of said affinity reagent labeled with one type of said tag is distinguishable from any

other type of said tag by elemental analysis, and followed by separating bound affinity re

agents from unbound affinity reagents.

10. The method of claim 9 wherein the affinity reagents are selected from the group con¬

sisting of antibodies, aptamers, lectins and small molecules.

11. The method of claim 1 where after step (b) the cell or cellular particle is reacted with

affinity reagents specific for surface or/and intracellular molecules and the affinity reagents

are labeled with element tags, such that one type of said affinity reagent labeled with one type

of said tag is distinguishable from any other type of said tag by elemental analysis, and fol¬

lowed by separating unbound affinity reagents from bound affinity reagents.

12. The method of claim 11 wherein the surface or/and intracellular molecules are lipids.

13. The method of claim 11 wherein the surface or/and intracellular molecules are poly¬

saccharides.

14. The method of claim 11 wherein the surface or/and intracellular molecules are small

molecules.

15. The method of claim 11 wherein the affinity reagents are selected from the group

consisting of antibodies, aptamers, lectins and small molecules.

16. The method of claim 1 where the cell is a whole cell of an animal, plant, bacterium or

fungus.

17. The method of claim 1 where the cellular particle is selected from the group consist-

ing of an isolated chromosome, an isolated nucleus, an isolated mitochondria, an isolated

chloroplast, an isolated virus, and an isolated bacterium.

18. The method of claim 1 where the probe is selected from the group consisting of an

oligonucleotide probe, a locked nucleic acid (LNA) molecule, a peptide nucleic acid (PNA)

molecule, a plasmid DNA, an amplified DNA or fragment thereof, an amplified RNA or

fragment thereof, a fragment of RNA and a fragment of genomic DNA.

19. A method for homogeneous analysis of biological molecules in solution, comprising:

(a) incubating biological molecules with affinity reagents labeled with element

tags and uniquely tagged supports such that one type of said supports labeled



with one type of said tags is distinguishable from any other type of said sup

port labeled with a different type of said tags by elemental analysis, under

conditions to enable the affinity reagents to bind with the biological mole¬

cules;

(b) separating the supports with bound biological molecules from unbound sup

ports; and

(c) measuring the bound supports by particle elemental analysis wherein the sup¬

ports are dispersed in a liquid to measure quantitatively the atomic and iso-

topic composition of individual supports, thereby detecting the types and the

numbers of biological molecules attached to said supports.

20. The method of claim 19 wherein the supports are selected from the group consisting

of particles, microspheres and beads.

21. The method of claim 19 wherein the biological molecules are from a tissue or a cell

sample.

22. The method of claim 2 1 wherein the sample is selected from the group consisting of

an animal sample, a plant sample, a bacterium sample, and a fungal sample.

23. The method of claim 19 wherein the biological molecules are selected from the group

consisting of mRNA, protein, lipids, polysaccharides and small molecules.

24. The method of claim 19 where the binding of biological molecules with affinity re-

agents comprises the hybridization of mRNA molecules with oligonucleotides attached to

uniquely tagged microspheres.

25. The method of claim 24 wherein the oligonucleotides comprise of a number of de-

oxythimidine triphosphate nucleosides, and complementary nucleic acid probes attached to

uniquely tagged microspheres.

26. The method of claim 25 wherein the complementary nucleic acid probes are selected

from the group consisting of oligonucleotides, LNA, PNA and plasmid DNA.

27. The method of claim 19 further comprising the binding of the biological molecules to

specific small molecules, wherein the small molecules are labeled with elemental tags which

bind uniquely tagged supports coated with affinity reagents against the biological molecules,

followed by elemental analysis to identify the reaction of said biological molecules with the

small molecules.



28. The method of claim 27 wherein the affinity reagents are selected from the group

consisting of antibodies, aptamers, and lectins, nucleic acids, binding peptides, protein recep¬

tors, phospholipids.

29. A kit for the detection and measurement of an element in a sample, where the meas-

ured element is an element tag attached to a specific probe complementary to a nucleic acid of

interest, comprising:

(a) an element tag for directly tagging a complementary probe; and

(b) a complementary probe.

30. The kit of claim 29 further comprising instructions for i) direct tagging of the probe

with the element tag; ii) fixing and permeabilizing a cell or cellular particle; iii) incubating the

cell or cellular particle with the element tagged probe in a hybridization solution; iv) separat¬

ing bound probe from unbound probe; v) dissolving the cell or cellular particle with hybrid¬

ized material, and vi) detecting and measuring the element tagged probe

31. A kit for the detection and measurement of an element in a sample, where the meas-

ured element is an element tag attached to a specific probe complementary to a nucleic acid of

interest, comprising:

(a) a complementary probe tagged with an element tag.

32. The kit of claim 3 1 further comprising instructions for i) fixing and permeabilizing a

cell or cellular particle; ii) incubating the cell or cellular particle with the element tagged

probe in a hybridization solution; iii) separating bound probe from unbound probe; iv) dis¬

solving the cell or cellular particle with hybridized material, and v) detecting and measuring

the element tagged probe.

33. The kit of claim 30 wherein the detecting and measuring is done by solution elemen¬

tal analysis.

34. The kit of claim 30 wherein the detecting and measuring is done by particle elemental

analysis.

35. The kit of any one of claims 29 to 34 further comprising a multitude of specific

probes complementary to a multitude of nucleic acids and a multitude of unique element tags

for uniquely labeling each type of probe.

36. The kit of any one of claims 29 to 35 further comprising:

(i) an affinity reagent for an intra or extracellular biological molecule selected

from the group consisting of a protein, a lipid, a polysaccharide and a small

molecule; and



(ii) an elemental tag for labeling the affinity reagent for the biological molecule.

37. The kit of claim 36 further comprising instructions for (i) tagging the affinity reagent

for the biological molecule, (ii) incubating the cell or cellular particle with the affinity reagent

for the biological molecule; (iii) separating bound affinity reagent for the biological molecule

from unbound reagent for the biological molecule; and (iv) detecting and measuring the

bound reagent for the biological molecule.

38. The kit of claim 37 comprising a multitude of specific reagents for a multitude of bio¬

logical molecules and a multitude of elemental tags for uniquely labeling each type of affinity

reagent for each type of biological molecule.

39. A kit for the detection and measurement of an element, where the measured element

is an element tag attached to oligo(dT)n and elements of uniquely labeled supports attached to

complimentary probe, comprising:

(a) an element tag for directly tagging oligo(dT)n;

(b) oligo(dT)n;

(c) at least one uniquely labeled support; and

(d) a multitude of complementary probes.

40. The kit of claim 39 further comprising instructions for i) directly attaching the multi¬

tude of complementary probes to uniquely labeled supports; ii) performing nucleic acid puri¬

fication; (iii) attaching the element tag to the oligo(dT)n; iv) hybridizing the complementary

probes attached to uniquely labeled supports with purified nucleic acid; iii) reacting bound

uniquely labeled supports with the metal tagged oligo(dT)n; iv) separating unbound nucleic

acid from bound nucleic acids; v) detecting and measuring the elements of bound supports by

elemental analysis.

41. The kit of any one of claims 39 or 40 wherein there are a multitude of supports and

the supports are particles or beads.

42. The kit of claim 39 wherein the multitude of complementary probes are directly

tagged with distinguishable elemental tags.

43. A kit for the detection and measurement of an element, where the measured element

is an element tag attached to oligo(dT)n and elements of uniquely labeled supports attached to

complimentary probes, comprising:

(a) an element tag for directly tagging oligo(dT)n;

(b) oligo(dT)n; and



(c) a multitude of complementary probes attached to at least one uniquely la¬

beled supports.

44. The kit of claim 43 further comprising instructions for i) performing nucleic acid pu¬

rification; (ii) attaching the element tag to the oligo(dT)n ; iii) reacting the complementary

probes with the element tagged oligo(dT)n; iv) hybridizing the complementary probes at¬

tached to uniquely labeled supports with purified nucleic acid; iii) reacting bound uniquely

labeled supports with the metal tagged oligo(dT)n; iv) separating unbound nucleic acid from

bound nucleic acid; v) detecting and measuring the elements of bound supports by elemental

analysis.

45. A kit for the detection and measurement of an element, where the measured element

is an element tag attached to oligo(dT)n and elements of uniquely labeled supports attached to

complimentary probes, comprising:

(a) an element tag labeled oligo(dT)n; and

(b) a multitude of complementary probes attached to at least one uniquely Ia-

beled supports.

46. The kit of claim 45 further comprising instructions for i) performing nucleic acid pu¬

rification; ii) hybridizing the complementary probes attached to uniquely labeled supports

with purified nucleic acid; iii) reacting bound uniquely labeled supports with the metal

tagged oligo(dT)n; iv) separating unbound nucleic acid from bound nucleic acid; v) detect-

ing and measuring the elements of bound supports by elemental analysis..

47. The kit of claim 39 where the supports are beads.

48. The kit of claim 29 or 39 further comprising reagents and devices selected from the

group consisting of dissociation solutions, spin columns with nucleic acid binding mem¬

branes, purification column for isolation and purification of nucleic acids from biological

samples, reagents and solutions for amplification of purified nucleic acids, standards, dilution

buffer, dissociation buffer, wash buffer, hybridization buffer and assay buffer.

49. The kit of claim 29 wherein endogenous nucleic acids are in situ amplified in mor¬

phologically intact cells.

50. The kit of claims 29 to 50 wherein the element is measured using a mass spectrome-

ter.

5 1. The kit of claims 29 to 50 wherein the element is an isotope.



52. The kit of claims 29 to 50 wherein the element is selected from a group consisting of

the noble metals, transition metals, rare earth elements, gold, silver, platinum, rhodium, irid¬

ium and palladium.

53. The kit of claims 29 to 50 wherein the element includes more than one element.

54. The kit of claims 29 to 50 wherein the element includes more than one isotope.

55. The kit of claims 29 to 50 wherein the element includes more than one atom of an

isotope.

56. The kit of claims 36 to 39 wherein the affinity products are selected from the group

consisting of antibody, Fab1, aptamer, antigen, hormone, growth factor, receptor, protein and

nucleic acid.

57. The kit of claims 29 to 50 wherein instructions for particle elemental analysis is in

cluded.
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