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METHODS FOR PREPARATION OF NUCLEIC ACID-CONTAINING SAMPLES

USING CLAY MINERALS AND ALKALINE SOLUTIONS

STATEMENT OF GOVERNMENT INTEREST

Partial funding of the work described herein was provided by a grant

from the U.S. Army Medical Research Acquisition Activity under Contract No.

W81XWH- 10-2-0 158. The U.S. Government has certain rights in this invention.

BACKGROUND

Technical Field

The present invention generally relates to methods for processing

samples for molecular diagnostic applications.

Description of the Related Art

Many diagnostic, research, and development procedures require the

detection of specific nucleic acid (DNA or RNA) sequences present in a biological

sample. For example, nucleic acid detection methods are used to identify bacteria,

viruses, or other microorganisms, whose presence can indicate the cause of infectious

disease. Nucleic acid biomarkers are the target analytes for several infectious diseases

of high global health importance, including human immunodeficiency virus (HIV),

Hepatitis C virus (HCV), Hepatitis B virus (HBV), pandemic influenza, and dengue.

The nucleic acids of more complex specimens, such as human tissues, are also more

and more commonly tested in order to establish the presence of a mutation associated

with cancer or a genetic disease. Detection of nucleic acids in samples of biological

tissue, such as blood taken directly from a crime scene, is also used to determine the

identity of the individual from which the sample originated, as, for example, paternity

testing or forensic analysis.

Before a nucleic acid molecule can be detected for any of the purposes

noted above, it is necessary to make the specific nucleic acid of interest available from a

sample of biological material. The process of releasing nucleic acids from a biological

specimen is commonly known in the art as "sample preparation". Frequently, the target

nucleic acid will be contained within a viral particle, a bacterial cell, a fungal cell, or

the cell of a more complex organism, such as a human white blood cell.

During sample preparation, cells or viral particles may be treated

chemically or enzymatically to dissolve or denature the membranes and proteinaceous



coats, resulting in release of nucleic acids. This process of dissolution is commonly

referred to as "lysis" and the resulting solution containing such lysed material is

referred to as a "lysate" or "extract". Unfortunately, such release exposes nucleic acids

to degradation by endogenous nucleases present in the sample, which may exist in such

abundance that destruction of the nucleic acids begins immediately upon release. Any

nucleases remaining during subsequent purification processes can continue to degrade

intact nucleic acids, resulting in the loss of the target molecule from the sample.

Nucleases are abundant in most biological samples and are often extremely resistant to

treatments known to inactivate other enzymes. In particular, ribonuc leases (RNases)

are active in most, if not all, biological samples, particularly blood, which is the most

commonly collected tissue for diagnostic purposes. In addition to nucleases, many

other proteins and contaminants are frequently present in biological samples and/or

released during preparation of the lysate. For example, blood samples may include

heme and heparin (an anti-coagulant used during blood drawing), which interfere with

and/or inhibit, many downstream analytic procedures.

To overcome the problem of nucleases and other undesirable products

present in biological lysates, it has been necessary to devise complex protocols with

steps to both inactivate enzymes and to further purify nucleic acids. For example,

anionic detergents and chaotropic agents, such as guanidinium thiocyanate, have been

used to simultaneously inactivate or to inhibit nuclease activities while releasing nucleic

acids from within cells and subcellular structures. To further purify nucleic acids from

lysates, it is common in the art to precipitate the nucleic acids out of the solution, using

a low molecular weight alcohol. Because other macromolecules also precipitate under

these conditions, producing a sticky, intractable mass that entraps the nucleic acids, it

has frequently been necessary to resort to extraction of the sample with hazardous

organic solvent mixtures containing phenol, and/or chloroform prior to ethanol

precipitation.

A further challenge in preparing samples for RNA analysis is protecting

the integrity of these labile molecules. Unlike DNA, RNA is extremely susceptible to

hydrolysis. As a consequence, although lysates containing DNA targets can be

prepared from biological samples under harsh conditions, preparation of samples for

RNA analysis has typically required the use of stabilizing agents, nuclease inhibitors

and refrigeration and/or freezing. Variations of two methods have historically been

used to prepare RNA from biological samples: chemical extraction and immobilization

on glass, often referred to as "solid-phase extraction". As described above, chemical

extraction methods usually use highly concentrated chaotropic salts in conjunction with



acidic phenol or phenol-chloroform solutions to inactivate R ases and purify RNA

from other biomolecules. These methods provide very pure preparations of RNA;

however, the RNA must typically be desalted and concentrated with an alcohol

precipitation step. The solid-phase extraction method, described in U.S. Patent No.

5,234,809 to Boom et al, relies on the lysing and nuclease-inactivating properties of the

chaotropic agent guanidinium thiocyanate together with the nucleic acid-binding

properties of solid-state silica particles or diatoms in the presence of this agent. After

silica-bound RNA is washed with a high-salt buffer containing ethanol, the RNA is

eluted in a low-ionic-strength buffer.

It will be readily appreciated that sample preparation methods requiring

aqueous extraction with organic solvents or chaotropic agents are tedious, hazardous,

labor-intensive, and slow. Moreover, if great care is not taken in performing the

procedures, residual contamination with nucleases can occur, and the sample nucleic

acids will be degraded or lost. Diagnostic tests performed with such samples can give

false negative results due to such degradation. False negative results can also be

obtained due to chemical interference, for example from residual anionic detergents,

chaotropic salts, or ethanol remaining in the sample and inhibiting target amplification

procedures. If anionic detergents and proteases have been used, residual proteolytic

activity can also degrade the enzymes used in target amplification and/or hybridization

detection reactions and produce false negative results. Sample preparation methods

based on the "Boom lysis" protocol disclosed in the '809 patent are commonly viewed

as adequately addressing these problems. However, the present inventors have

unexpectedly found that such extraction methods, utilizing chaotropic salts combined

with solid-phase extraction, are not reliably effective in the preparation of blood or

plasma samples for PCR-based detection of the HBV genome. Thus, none of the

above-cited protocols is suitable for the preparation of a common sample for detection

of both DNA and RNA targets from complex biological starting materials, e.g., whole

blood and blood serum. This is particularly true for infectious disease diagnosis in

clinical laboratory settings, where time demands are very high, and in low-resource

areas where cost-effectiveness, reduction of toxic waste streams and simplicity are also

of prime importance.

While progress has been made in the field, there continues to be a need

in the art for extraction of nucleic acids from various samples and methods for

preparation of nucleic acid containing solutions. The present invention fulfills these

needs and provides further related advantages.



BRIEF SUMMARY

Embodiments of the present invention provide a sample preparation

method that overcomes the drawbacks of the known processes. In particular, it is an

object of embodiments of the invention to provide a sample preparation method that

enables detection of both DNA and RNA targets from a common sample, such as a

biological sample. The present invention offers unprecedentedly rapid, simple, and

reproducible methods to provide nucleic acids in such undamaged conditions and with

low risk of contamination that such samples can be used immediately as reagents in

diagnostic analyses. Embodiments of the present invention are based on a sample

preparation method in which samples are treated with a clay mineral prior to extraction

or lysis. Then, samples are treated with an alkaline solution to release the nucleic acids

from cells or viral particles containing the nucleic acids of interest ("alkaline lysis").

The present inventors have surprisingly found that pretreatment of a

sample (e.g., biological sample) with a clay mineral protects nucleic acid molecules,

particularly RNA, from hydrolysis during alkaline lysis. Use of a clay mineral

according to the methods of the invention also protects nucleic acids from nuclease-

mediated degradation. Advantageously, it has been found that a method combining the

use of a clay mineral and an alkaline solution enables preparation of a nucleic acid-

containing sample sufficiently free of inhibitory and/or degrading enzymes and/or other

contaminants that the sample can be used directly for detection assays, such as nucleic

acid amplification procedures, without requiring any further purification steps.

Embodiments of the present invention thus provide a quick, simple, and relatively non-

hazardous method of preparing complex biological samples for detection of both DNA

and RNA molecules of interest. The present invention is also particularly suited to

miniaturization and compatible with self-contained, "lab-on-a-chip" microfluidic

cartridges and other diagnostic test kits and devices. Accordingly, some embodiments

are directed to performing the disclosed methods in a microfluidic environment, for

example on a microfluidic card.

The present inventors have surprisingly found that a method based on

alkaline lysis can be used to prepare complex biological samples for nucleic acid

analysis when the method includes treatment of the sample with a clay mineral. The

method of the invention can be advantageously used to prepare a common sample for

the detection of both DNA and RNA target molecules. The method of the invention

offers improvements over known sample preparation methods in that certain

embodiments of the present method do not require further purification or isolation of

the nucleic acids prior to detection. Without being bound by theory, it is believed that



the clay mineral provides several beneficial effects, including, but not limited to:

protection of nucleic acids from hydrolysis under alkaline conditions; protection of

nucleic acids from nuclease-mediated degradation; protection of downstream assay

reagents, such as DNA polymerases, from sample-bound inhibitors and other

contaminants; and general buffering properties. The nucleic acid samples prepared

according to the present invention are essentially free of nuclease activity and are

superior substrates for modifying enzymes. The sample preparation methods disclosed

herein are particularly advantageous in the preparation blood or serum samples for the

detection of both DNA and RNA viruses. The principal features of the principal

embodiments of the present invention are summarized below. Various other objects

and advantages of the present invention will be apparent from the detailed description

of the invention and the Examples provided herein.

In one embodiment, the present invention relates to a method for treating

a nucleic acid-containing sample for analysis of nucleic acids. The method comprises

contacting the sample with a clay mineral, mixing the sample and the clay mineral until

the clay mineral is evenly dispersed in the sample, substantially removing the clay

mineral from the sample, contacting the sample with an alkaline solution at a pH

suitable for lysis of cell and viral particles to form a nucleic acid solution, and,

optionally, contacting the nucleic acid solution with an acidic solution suitable for

neutralizing the pH of the nucleic acid solution. In some embodiments of the foregoing,

the sample is a biological sample, for example a solution containing a biological

sample.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows quantitative PCR analysis to detect HBV DNA in samples

generated by extracting human plasma containing HBV viral particles under a protocol

based on alkaline lysis.

FIG. 2 shows quantitative PCR analysis to detect MS2 RNA in samples

generated by extracting human blood containing MS2 RNA under a protocol based on

treatment with a clay mineral followed by alkaline lysis.

FIG. 3 shows quantitative PCR analysis to detect MS2 RNA in samples

generated by extracting human plasma containing MS2 particles under a protocol based

on treatment with a clay mineral followed by alkaline lysis.

FIG. 4 shows quantitative PCR analysis to detect HCV RNA in samples

generated by extracting human blood containing HCV particles under a protocol based

on treatment with a clay mineral followed by alkaline lysis.



FIG. 5 shows quantitative PCR analysis to detect both HBV DNA and

HCV R A in samples generated by extracting human blood containing HBV and HCV

particles under a protocol based on treatment with a clay mineral followed by alkaline

lysis.

DETAILED DESCRIPTION

The present invention, in one aspect, is a method of preparing a sample,

such as a biological sample, for analysis of both DNA and RNA target molecules using

a clay mineral and alkaline lysis. As described herein, "alkaline lysis" refers to use of

an alkaline solution to effect the solubilization of microorganism cell walls, viral

particles, cellular membranes and/or other structures present in a biological sample.

This solubilization of sample constituents is sufficient to release nucleic acids from

such structures, making them available for downstream experimental applications.

Preferably, a clay mineral is chosen for use in the methods of the present invention that

protects the nucleic acids of interest from hydrolysis and nuclease-mediated degradation

during alkaline lysis.

Although in a wider sense, the invention is applicable to any nucleic

acid-containing starting material, including foods and allied products, vaccines and milk

infected with a virus or bacterium, embodiments of the invention are directed to a

process in which the starting material employed is a biological material (e.g., biological

sample solution) containing an infectious agent, such as a bacterium or viral particle,

that contains the nucleic acid of interest. Such infected biological materials include, but

are not limited to, whole blood, blood plasma, blood serum, and other bodily fluids,

such as urine, sperm, saliva, sputum, respiratory lavages, and tears, and or cellular

material such as feces or any other contained on a tissue swab containing the nucleic

acids of interest. The biological starting material may also include both normal and

cancerous solid tissues, such as lung, colon, pancreas, breast, prostate, and cell cultures

(such as mammalian and bacterial cultures) that contain a biomarker of interest.

Accordingly, in various embodiments, the present invention is directed

to a method for treating a nucleic acid-containing sample for analysis of nucleic acids,

the method comprising the steps of:



d) contacting the sample with an alkaline solution at a pH suitable

for lysis of cell and viral particles to form a nucleic acid solution;

e) and, optionally, contacting the nucleic acid solution with an

acidic solution suitable for neutralizing the pH of the nucleic acid solution.

In certain embodiments, the sample is a biological sample (e.g., blood,

tissue or other sample containing cells). The sample may be provided in various forms,

for example as a solution, as a suspension or combinations thereof. In various

embodiments the sample is a biological sample solution.

The exact type of clay used in the methods is not particularly limited and

can be selected from clays known to one of skill in the art, for example any of the

specific clay minerals described herein. In some embodiments, the clay mineral

comprises a kaolinite, smectite, or illite clay mineral. In different embodiments, the

clay mineral comprises talc. In other embodiments, the clay mineral comprises

halloysite. In more embodiments, the clay mineral comprises bentonite. In yet other

embodiments, the clay mineral comprises a synthetic clay mineral, for example a

laponite.

The alkaline solution is also not particularly limited provided the pH is

greater than 7 . In some embodiments, the alkaline solution comprises KOH, NaOH, or

LiOH, or combinations thereof. In some embodiments, the alkaline solution comprises

KOH. In other embodiments, the alkaline solution comprises NaOH. In different

embodiments, the alkaline solution comprises LiOH. In various embodiments of the

foregoing, the alkaline solution is an aqueous solution of any of the foregoing bases.

Alkaline solutions or buffers are prepared by mixing the alkaline base in

a suitable solvent, such as water at a concentration of around 1M. In one embodiment,

the alkaline solution or buffer is added at a final concentration of around 0.1M in order

to obtain a pH suitable for lysis. It will be appreciated by one of skill in the art that

other suitable concentrations may be used in the present invention to achieve effective

treatment of the test sample.

Although not required, certain embodiments include an optional

neutralizing step for neutralizing the alkaline lysis solution. The neutralizing solution

will typically be acidic (i.e., pH less than 7). For example, in some embodiments, the

optional acidic solution comprises HC1 , C2H40 2,or H2S0 4. In some embodiments, the

optional acidic solution comprises HC1. In other embodiments, the optional acidic

solution comprises C2H40 2. In still more embodiments, the optional acidic solution

comprises H2S0 4. The optional acidic solution may be provided in the form of an

aqueous solution of any suitable acid, for example any of the foregoing acids.



For the optional neutralization step of the present invention, the acidic

solution or buffer is added at a concentration sufficient to neutralize the alkaline lysis

buffer to around a physiologic pH, such as around pH 7.2. In one embodiment, the

acidic buffer or solution is added at a final concentration of around 0.1M.

Any sample which contains a nucleic acid of interest may be used in the

presently disclosed methods. In certain embodiments, the sample comprises one or

more infectious agents. In certain of these embodiments, the one or more infectious

agents are viral agents. In some embodiments, the sample comprises at least two viral

agents. For example, in various embodiments, the sample comprises a DNA virus and

an R A virus. In some embodiments, the DNA virus is HBV, and in other

embodiments the RNA virus is HCV or HIV.

In some different embodiments, the sample is selected from blood,

plasma, serum, urine, saliva, sputum, respiratory lavage, tears, and tissue swabs. In

more specific embodiments, the sample is selected from blood, plasma, and serum.

In various different embodiments, the method further comprises a

nucleic acid amplification step, for example a nucleic acid amplification step is selected

from PCR, RT-PCR, qPCR, and qRT-PCR.

The disclosed methods are suitable for use in any common laboratory

format and at various scales. In certain specific embodiments, the methods are

performed in a microfluidic card.

The term "nucleic acid" includes polynucleotides and oligonucleotides

and refers to a polymeric form of nucleotides of any length, including, but not limited

to, ribonucleotides (RNA) and deoxyribonucleotides (DNA). Nucleic acids may be in

single-stranded or double stranded or other conformations, or any combination thereof.

Relatively short nucleic acid polymers are often used as "primers" or "probes". The

definition encompasses nucleic acids from natural sources which can be methylated or

capped, and also synthetic forms, which can contain substitute or derivatized

nucleobases and may be based on a peptide backbone. Nucleic acids are generally

polymers of adenosine, guanine, thymine, and cytosine and their "deoxy-" forms, but

may also contain other pyrimidines such as uracil and xanthine, or spacers and universal

bases such as deoxyinosine. Deoxynucleic acids may be single-stranded or double-

stranded depending on the presence or absence of complementary sequences, and on

conditions of pH, salt concentration, temperature, and the presence or absence of certain

organic solvents such as formamide, η,η-dimethylformamide, dimethylsulfoxide, and n-

methylpyrrolidinone.



"Samples" or "test samples" include any sample which contains a

nucleic acid. In various embodiments, the samples are biological samples or

"biosamples," which may be clinical specimens. Representative biosamples include,

for example: blood, serum, plasma, buffy coat, saliva, wound exudates, pus, lung and

other respiratory aspirates, nasal aspirates and washes, sinus drainage, bronchial lavage

fluids, sputum, medial and inner ear aspirates, cyst aspirates, cerebral spinal fluid, stool,

diarrhoeal fluid, urine, tears, mammary secretions, ovarian contents, ascites fluid,

mucous, gastric fluid, gastrointestinal contents, urethral discharge, synovial fluid,

peritoneal fluid, meconium, vaginal fluid or discharge, amniotic fluid, semen, penile

discharge, or the like may be tested. Assay from swabs or lavages representative of

mucosal secretions and epithelia are acceptable, for example mucosal swabs of the

throat, tonsils, gingival, nasal passages, vagina, urethra, rectum, lower colon, and eyes,

as are homogenates, lysates and digests of tissue specimens of all sorts. Mammalian

cells are acceptable samples. Besides physiological or biological fluids, samples of

water, industrial discharges, food products, milk, air filtrates, and so forth are also test

specimens. In some embodiments, test samples are subjected directly to the disclosed

methods; in other embodiments, pre-analytical processing is contemplated.

Target infectious agents particularly suited to the methods of the

inventions are microorganisms and viruses with either a DNA-based genome or an

RNA-based genome. In some embodiments, suitable viruses include, but are not

limited to, Hepatitis B virus (HBV), Hepatitis C virus (HCV), human

immunodeficiency viruses (HIV) I and II, influenza A virus, influenza B virus,

respiratory syncytial viruses (RSV) A and B, human metapneumovirus (MPV), and

herpes simplex viruses (HSV) I and II.

In other embodiments, viral infectious agents which can be detected by

the present invention include, but are not limited to, influenza A, influenza B, RSV

(respiratory syncytial virus) A and B, human immunodeficiency virus (HIV), human T-

cell lymphocytotrophic virus, hepatitis viruses (e.g., Hepatitis B Virus and Hepatitis C

Virus), Epstein-Barr Virus, cytomegalovirus, human papillomaviruses, orthomyxo

viruses, paramyxo viruses, adenoviruses, corona viruses, rhabdo viruses, polio viruses,

toga viruses, bunya viruses, arena viruses, rubella viruses, reo viruses, Norovirus,

human metapneumovirus (MPV), Herpes simplex virus 1 and 2 (HSV-1 and HSV-2),

West Nile virus, Yellow fever virus, Varicella zoster virus (VZV), Rabies virus,

Rhinovirus, Rift Valley fever virus, Marburg virus, mumps virus, measles virus,

Epstein-Barr Virus (EBV), human papilloma virus (HPV), Ebola virus, Colorado tick

fever virus (CTFV), and/or rhinoviruses.



In different embodiments, bacterial infectious agents which can be

detected by the present invention include, but are not limited to, Escherichia coli,

Salmonella, Shigella, Campylobacter, Klebsiella, Pseudomonas, Listeria

monocytogenes, Mycobacterium tuberculosis, Mycobacterium avium-intracellulare,

Yersinia, Francisella, Pasteurella, Brucella, Clostridia, Bordetella pertussis,

Bacteroides, Staphylococcus aureus, Streptococcus pneumonia, B-Hemolytic strep.,

Corynebacteria, Legionella, Mycoplasma, Ureaplasma, Chlamydia, Clostridium

difficile, Gardnerella, Trichomonas vaginalis, Neisseria gonorrhea, Neisseria

meningitides, Hemophilus influenza, Enterococcus faecalis, Proteus vulgaris, Proteus

mirabilis, Helicobacter pylori, Treponema palladium, Borrelia burgdorferi, Borrelia

recurrentis, Rickettsial pathogens, Nocardia, Acitnomycetes and/or Acinetobacter.

In still other embodiments, fungal infectious agents which can be

detected by the present invention include, but are not limited to, Cryptococcus

neoformans, Blastomyces dermatitidis, Histoplasma capsulatum, Coccidioides immitis,

Paracoccicioides brasiliensis, Candida albicans, Aspergillus fumigautus, Phycomycetes

(Rhizopus), Sporothrix schenckii, Chromomycosis, and/or Maduromycosis.

In more embodiments, parasitic agents which can be detected by the

present invention include, but are not limited to, Plasmodium falciparum, Plasmodium

malaria, Plasmodium vivax, Plasmodium ovale, Onchoverva volvulus, Leishmania,

Trypanosoma spp., Schistosoma spp., Entamoeba histolytica, Cryptosporidum, Giardia

spp., Trichomonas spp., Balatidium coli, Wuchereria bancrofti, Toxoplasma spp.,

Enterobius vermicularis, Ascaris lumbricoides, Trichuris trichiura, Dracunculus

medinesis, trematodes, Diphyllobothrium latum, Taenia spp., Pneumocystis carinii,

and/or Necator americanis.

In general, the term "clay mineral", as used and defined herein, refers to

any of a group of hydrous aluminum or magnesium silicates (including phyllosilicates)

with a layer (sheet like) structure and very small particle size (customarily less than two

micrometers). Clay minerals may contain significant amounts of iron, alkali metals, or

alkaline earths. Clay minerals form the main mineral stock of naturally occurring clays

and clay stones and are produced from such geologic deposits. Clay minerals may also

be derived from other natural sources, such as silt stones, clay slates and some sands

and sandstones. Clay minerals may also be produced synthetically.

The term "phyllosilicate", as used and defined herein, includes a broader

class of minerals described as sheet silicates, which form parallel sheets of silicate

tetrahedra with a composition of S 12O or a 2:5 ratio of silicon to oxygen.

Phyllosilicates include the following groups: the serpentine group of antigorite and



chrysotile, the apophyllite group, the prehnite group, and the clay mineral groups

described below. Any of these phyllosilicates, including the mineral known as talc, is

suitable for use in the present invention.

The clay minerals have been classified according to various criteria,

including variations of chemical composition. Suitable clay minerals for use in the

embodiments disclosed herein include, but are not limited to clays of the following

groups: the kaolinite group (e.g., kaolinite, dickite, nacrite, halloysite, hisingerite); the

montmorillonite/smectite group (e.g., beidellite, pyrophyllitevermiculite, sauconite,

saponite, nontronite and montmorillonite; talc is often, but not always, placed in this

group); the illite (or the clay-mica) group (e.g., muscovite, illite); and the chlorite group

(e.g., amesite, baileychlore, chamosite, clinochlore, kaemmererite, cookeite,

corundophilite, daphnite, delessite, gonyerite, nimite, odinite, orthochamosite,

penninite, pannantite, rhipidolite, prochlore, sudoite, thuringite). Other clay minerals

suitable in the present invention include albites, phillipsites, analcites, and gibbsites.

Clay minerals are also defined in the art by their atomic structures. Clay

minerals formed of a series of 1 tetrahedron and 1 octahedron layer each are referred to

as two-layer clay minerals, 1:1 minerals, or as 7A clay minerals after the spacing

(referred to in the specialist terminology as base spacing), of the tetrahedron layers.

This group includes, for example, kaolinite, halloysite, dickite and nacrite. Clay

minerals from formations of 1 octahedron and 2 tetrahedron layers are referred to as

three-layer, ΙθΑ minerals, or 2:1 minerals. This group includes, for example, illite and

the smectites, glauconite and vermiculite. Montmorillonite is the main representative of

the smectite group and the main component of bentonite. In practice bentonite,

smectite and montmorillonite are commonly used as synonyms for multi-layer silicates.

If a further independent octahedron layer is incorporated between the three-layer

formations, four-layer, or 14A minerals, are produced. A representative of this group is

the chlorites. A special clay mineral group is represented by interbedded minerals.

Between the layer packages, ions and water molecules can, for example, become

embedded. This may lead to an expansion of the layer spacings (swelling), which is

commonly observed in the smectites. Any of the clay minerals and clay mineral

structures described herein is suitable for the practice of the present invention.

Various types of clay minerals as described herein are available

commercially from companies such as Thiele Kaolin Co. (Sandersville, Ga.), Imerys

(Roswell, Ga.), Dry Branch Kaolin Co. (Dry Branch, Ga.), Millennium Inorganic

Chemicals (Baltimore, Md.), and Minerals Technology Inc. (Specialty Minerals,



Bethlehem, Pa.) BYK-Chemie GmbH (Wesel, Germany), Sigma-Aldritch (St. Louis,

Mo.), American Colloid Company (Arlington Heights, II.).

As noted above, embodiments of the invention are directed to the use of

a clay mineral in the preparation of a biological sample for nucleic acid analysis. The

clay mineral within the meaning of the invention may be any single clay mineral or a

mixture of different clay minerals. According to a particular embodiment,

montmorillonite or bentonite is used. Montmorillonite is available under the

tradename, MK10. In practice, bentonite, montmorillonite, and smectite are commonly

used as synonyms for multi-layer silicates. Montmorillonite is the pure clay mineral.

Bentonite is an impure mixture of mostly montmorillonite that may also contain illite

and kaolinite. The main types of bentonite are defined by the dominant cation between

the sheets of clay: potassium, aluminum, sodium, or calcium. As used here, bentonite

contains sodium, but all types of bentonite clays are suitable for the practice of the

present invention. According to another embodiment, halloysite is used as a clay

mineral. According to yet another embodiment of the invention, Fuller's earth is used

as a clay mineral. Fuller's Earth is known in the art as a complex mixture that includes

montmorillonites, kaolinites and attapulgites, as well as other minerals like calcite and

quartz. According to another embodiment of the invention, the synthetic clay laponite

(BYK-Chemie GmbH (Wesel, Germany)), is used as a clay mineral. Whenever

mention is made of "a clay mineral" below, this term is also intended to include

mixtures of the aforementioned clays.

According to embodiments of the present invention, a sample suspected

of containing a nucleic acid of interest is mixed with a clay mineral prior to alkaline

lysis treatment. Alkaline buffers are used for the purpose of lysing cells and/or viral

particles in the sample to release nucleic acids. For the method of the invention, the

presence of a denaturing alkaline base in the buffer is sufficient for lysis of cells and/or

viral particles.

In the method of the present invention, a sample, for example a

biological sample, suspected of containing nucleic acids of interest is first contacted

with a clay mineral. In some embodiments, for example when the sample is a

biological sample, the biological sample is in the form of a suspension solution. The

method used to suspend a given biological sample in solution will depend upon its

nature. Some liquid samples require no further suspension, for example, blood products

or urine. In some cases, a liquid solution will require dilution with phosphate-buffered

saline (PBS) or similar diluent. Many forms of animal tissue will require more

vigorous treatment before being suspended, such as freezing and pulverizing, or by



homogenization with a blender or other mechanical mixing device. A suspension

solution of this invention is preferably an aqueous solution, and more preferably is an

aqueous solution comprising a buffer, even more preferably further comprising an

acetate buffer at around pH 6.0

The clay mineral may be dry when contacted with the sample. In cases

where the sample is in an aqueous solution, the clay mineral becomes hydrated and

suspended in the sample solution. Alternatively, the clay mineral may be hydrated and

suspended in an aqueous buffer prior to contact with the sample. In one embodiment of

the invention, the aqueous buffer is an acetate buffer at around pH 6.0.

In one embodiment of the invention, the clay mineral is added to a

sample solution at a concentration of 20 mg/mL. Other suitable concentrations are

contemplated, such as from around 1 mg/mL, 5 mg/mL, 10 mg/mL, 15 mg/mL, 25

mg/mL, 30 mg/mL, 40 mg/mL, 50 mg/mL, 60 mg/mL, 75 mg/mL, 90 mg/mL, 100

mg/mL, 125 mg/mL, 150 mg/mL and up to about 160 mg/mL. It will be appreciated

that the amount of clay mineral added to the sample solution will be an amount

sufficient to prevent degradation of target nucleic acids and interfere with downstream

molecular analyses.

In the method of preparing a sample of this invention, the sample is

further mixed with a clay mineral. The mixing step is preferably carried out by

incubating the sample and clay mineral at ambient temperature for such a period of time

until proteins capable of degrading the nucleic acids in the sample are substantially

inactivated. Generally, this will be the amount of time necessary for the clay mineral to

become evenly dispersed throughout the sample. In one embodiment of this invention,

the sample and clay mineral are mixed for from about five to about 30 minutes. In

various embodiments, the clay mineral is mixed with a biological sample, for example a

biological sample solution.

In the method of preparing a sample of this invention, the hydrated clay

mineral is then substantially removed from the sample. By "substantially removed" it is

meant that the amount of residual clay remaining in the sample after removal does not

interfere with, or inhibit, the subsequent step(s) of the claimed method. Substantial

removal of the clay mineral may be accomplished by well known methods in the art. In

one embodiment, the mixed sample may be spun in a microcentrifuge for around two

minutes at room temperature to pellet the clay mineral and enable removal of a

substantially cleared sample solution. In another embodiment of the invention, the

mixed sample may be filtered through a 0.45 µΜ neutral filter to obtain a sample

solution substantially free of clay mineral.



In the method of preparing a sample of this invention, the pH of the clay-

treated sample is adjusted to an alkaline pH by adding an alkaline lysis solution. The

alkaline lysis solution comprises a base, preferably a base which is sufficiently strong to

raise the pH of the solution to a level wherein the structures of the cell membranes

and/or viral particles are disrupted (i.e. "lysed") and the nucleic acids of interest are

released, but which is not so strong as to damage the nucleic acid material to be

isolated. In one embodiment, the base is potassium hydroxide (KOH). In another

embodiment, the base is selected from sodium hydroxide (NaOH) or lithium hydroxide

(LiOH). Alkaline solutions or buffers are prepared by mixing the alkaline base in water

at a concentration of around 1M. In one embodiment, the alkaline solution or buffer is

added at a final concentration of around 0.1M and incubated at around room

temperature for around 5 and up to around 30 minutes.

The method of the present invention includes an optional neutralization

step. Several suitable acids may be used as the optional acidic solution or buffer of the

invention. Exemplary acids include hydrochloric acid (HC1) and acetic acid (C2H4O2) .

Acidic solutions or buffers are prepared by mixing the acid with water at a

concentration of around 1M. For the optional neutralization step of the present

invention, the acidic solution or buffer is added at a concentration sufficient to

neutralize the alkaline lysis buffer to around a physiologic pH, such as around pH 7.2.

In one embodiment, the acidic buffer or solution is added at a final concentration of

around 0.1M.

Nucleic acid containing samples prepared by the methods of the present

invention may be used directly in subsequent amplification procedures (PCR-based

procedures) without any further purification or isolation steps. A single nucleic acid

containing sample prepared by the methods of the present invention may also be used to

detect both DNA and RNA target molecules. The general principles and conditions for

amplification and detection of nucleic acids using PCR are quite well known, the details

of which are provided in numerous references, including U.S. Pat. No. 4,683,195

(Mullis et al), U.S. Pat. No. 4,683,202 (Mullis), and U.S. Pat. No. 4,965,188 (Mullis et

al.), all of which are incorporated herein by reference. Preferably, PCR is carried out

using a thermostable DNA polymerase. A number of suitable thermostable DNA

polymerases have been reported in the art, including those mentioned in detail in U.S.

Pat. No. 4,965,188 (Gelfand et al.) and U.S. Pat. No. 4,889,818 (Gelfand et al), both

incorporated herein by reference in their entireties. Other amplification protocols

include LAMP (loop-mediated isothermal amplification of DNA ligase chain reaction

("LCR"), transcription-based amplification systems (TAS), including nucleic acid



sequence based amplification (NASBA), "Rolling Circle", "RACE" and "one-sided

PCR", also termed "asymmetrical PCR" may also be used, having the advantage that

the strand complementary to a detectable probe is synthesized in excess.

In some embodiments, the method for determining the RNA level is an

amplification-based method, e.g., by polymerase chain reaction (PCR), especially

reverse transcription-polymerase chain reaction (RT-PCR). Prior to the amplification

step, a DNA copy (cDNA) of the mRNA must be synthesized. This is achieved by

reverse transcription, which can be carried out as a separate step, or in a homogeneous

reverse transcription-polymerase chain reaction (RT-PCR), a modification of the

polymerase chain reaction for amplifying RNA. Methods suitable for PCR

amplification of ribonucleic acids are described by Romero and Rotbart in Diagnostic

Molecular Biology: Principles and Applications pp. 401-406; Persing et al, eds., Mayo

Foundation, Rochester, Minn., 1993; Egger et al, J . Clin. Microbiol. 33:1442-1447,

1995; and U.S. Pat. No. 5,075,212, all of which are incorporated herein by reference in

their entireties.

Assays may include end-point or kinetic (also termed "real time")

detection. Where an indicator reagent such as a probe is used, it may be added during

amplification or after the amplification. Preferred are fluorescent, fluorescent

quenching, and "up-converting" fluorescent probes known in the art.

Quantitation of target nucleic acid levels may be accomplished by real

time quantitative PCR (qPCR) using, for example, the ABI PRISM™ 7600, 7700, or

7900 Sequence Detection System (PE-Applied Biosystems, Foster City, Calif.)

according to manufacturer's instructions. Many other suitable detection systems are

available, for example, the Qiagen ROTOR-GENE™ and similar systems offered by

BioRad. These are fluorescence detection systems, which allows high-throughput

quantitation of polymerase chain reaction (PCR) products in real-time. As opposed to

standard PCR in which amplification products are quantitated after the PCR is

completed, products in real-time quantitative PCR are quantitated as they accumulate.

This is accomplished by including in the PCR reaction an oligonucleotide probe that

anneals specifically between the forward and reverse PCR primers, and contains two

fluorescent dyes.

In one embodiment, the fluorescent oligonucleotide probe is a

"molecular beacon", a single stranded hairpin-shaped oligonucleotide probe designed to

report the presence of specific nucleic acids in a solution. A molecular beacon consists

of four components; a stem, hairpin loop, end labelled fluorophore and opposite end-

labeled quencher. When the hairpin-like beacon is not bound to a target, the



fluorophore and quencher lie close together and fluorescence is suppressed. In the

presence of a complementary target nucleotide sequence, the stem of the beacon opens

to hybridize to the target. This separates the fluorophore and quencher, allowing the

fluorophore to fluoresce. Alternatively, molecular beacons also include fluorophores

that emit in the proximity of an end-labelled donor. "Wavelength-shifting Molecular

Beacons incorporate an additional harvester fluorophore enabling the fluorophore to

emit more strongly. Current reviews of molecular beacons include Wang K et al, 2009,

Molecular engineering of DNA:molecular beacons. Angew Chem Int Ed Engl,

48(5):856-870; Cissell K A et al, 2009, Resonance energy transfer methods of RNA

detection, Anal Bioanal Chem 393(1): 125-35 and Li Y, et al, 2008, Molecular Beacons:

an optimal multifunctional biological probe, Biochem Biophys Res Comm 373(4):457-

6 1. Recent advances include Cady N C, 2009, Quantum dot molecular beacons for

DNA detection. Methods Mol Biol 554:367-79.

Means for detecting fluorescent signals may include apparatuses well

known in the art for displaying an endpoint, i.e., the result of an assay, which may be

qualitative or quantitative, and may include a machine equipped with a

spectrophotometer, fluorometer, luminometer, photomultiplier tube, photodiode,

nephlometer, photon counter, voltmeter, ammeter, pH meter, capacitative sensor, radio-

frequency transmitter, magnetoresistometer, or Hall-effect device. Magnifying lenses

in the cover plate, optical filters, colored fluids and labeled probes may be used to

improve detection and interpretation of assay results.

As used herein, the terms "about", "around", and "generally" are

broadening expressions of inexactitude, describing a condition of being "more or less",

"approximately", or "almost" in the sense of "just about", where variation would be

insignificant, obvious, or of equivalent utility or function, and further indicating that

existence of obvious minor exceptions to a norm, rule, or limit. For example, in various

embodiments the foregoing terms refer to a quantity within 20%, 10%, 5%, 1% or 0.1 %

of the value which follows the term.



EXAMPLES

The following Examples are presented in order to provide certain

exemplary embodiments of the present invention and are not intended to limit the scope

thereof.

EXAMPLE 1

A SIMPLE METHOD FOR PREPARING SAMPLES FOR DETECTION

OF BOTH DNA AND RNA TARGETS

This example demonstrates a simple and effective method for the

preparation of nucleic acids from a biological sample for detection of both DNA and

RNA targets.

The present inventors have previously found that nucleic acid extraction

protocols based on the use of chaotropic salts, glass/silica substrates, and proteinase K

(known in the art as "Boom lysis") are surprisingly ineffective in preparing samples for

quantitative polymerase chain reaction (qPCR) detection of Hepatitis B virus (HBV).

In order to identify an alternative sample preparation method to detect this DNA virus,

a protocol based on alkaline lysis was investigated.

To generate samples for analysis, human plasma was obtained from

whole blood collected in a standard purple-topped EDTA collection tube followed by

centrifugation at 2000 rpm for 20 minutes to separate plasma from red blood cells.

Plasma was then removed and spiked with either HBV or the MS2 RNA phage by

adding 50 of a HBV of concentration of lxl 06 copies/ µ sample of virus to 2 mL of

plasma or PBS. Samples were extracted using alkaline lysis by mixing spiked plasma

samples with sodium hydroxide (NaOH) at a final concentration of 0.1 M for 60 minutes

at room temperature. Samples were subsequently neutralized by the addition of 0 .1M

hydrochloric acid (HC1) and directly used in standard quantitative reverse-transcription

polymerase chain reaction (RT-PCR) with a melt analysis to detect viral nucleic acids

without any further purification steps. As a control, a plasmid containing an HBV

sequence was added to separate samples.

As shown in FIG. 1, alkaline lysis effectively extracted the HBV-spiked

sample for PCR analysis, as evidenced by strong PCR signals generated from the

plasma and PBS samples spiked with HBV viral particles. In contrast, no signal was

generated from the samples spiked with the RNA phage, MS2, indicating that this

protocol is not suitable for the preparation of RNA samples. As RNA is susceptible to

chemical hydrolysis under alkaline conditions, this result was not surprising.

In order to modify the alkaline lysis protocol to make it suitable for the

preparation of RNA targets as well, the effects of treating sample with the aluminum



phyllosilicate clay, bentonite, prior to alkaline lysis solution was investigated. Plasma

spiked with the MS2 RNA phage was prepared as described above and added to tubes

containing bentonite at a final concentration of 20 mg/mL. Samples were mixed until

the bentonite clay was thoroughly hydrated with the plasma sample. Samples were

incubated for up to 30 minutes then centrifuged to pellet and remove the clay. For

alkaline lysis, NaOH was aliquoted to a fresh tube and 50 of bentonite-treated

plasma to a final concentration of 0 .1M. Samples were incubated for 10 minutes then

neutralized by the addition of HC1 to a final concentration of 0 .1M. Samples were

directly subjected to qRT-PCR analysis to detect MS2 RNA, without any further

nucleic acid purification steps, as described above.

In the absence of clay, phage RNA was not detected in samples prepared

by alkaline lysis, as previously observed. Surprisingly, however, pretreatment of

samples with bentonite followed by alkaline lysis gave strong PCR signals for the RNA

target (not shown). These results indicate that clay protects RNA from hydrolysis in the

presence of a strong base.

Next, the bentonite clay/alkaline lysis protocol was tested on whole

blood samples collected in EDTA tubes and spiked with the RNA phage, MS2. The

particle lysis and PCR analysis procedures were performed as described above on

spiked plasma samples containing 10%, 25%, 50%>, or 75% lysed red blood cells. As

shown in FIG. 2, each sample generated a signal, demonstrating the presence of intact

viral RNA in the extracted material. These results indicate that whole blood is a

suitable starting material for a sample preparation protocol based on the combination of

clay treatment and alkaline lysis. Surprisingly, no further nucleic acid extraction or

purification steps are required for detection of an RNA target. Furthermore, while

testing various concentrations of base and neutralizing acid in the sample preparation

protocol described above, the inventors were surprised to discover that clay-treated

samples do not require an acid neutralization step after alkaline lysis and prior to PCR

analysis. Without being bound by theory, it is postulated that clay provides certain

buffering properties that eliminate the need to add a neutralization step following

alkaline lysis.

EXAMPLE 2

SAMPLE PREPARATIONFOR DNA AND RNA TARGET DETECTION USING ALKALINE LYSIS

WITH VARIOUS CLAY MINERALS

This Example demonstrates that a variety of clay minerals are effective

in adapting the alkaline lysis protocol to the preparation of samples for detection of both

DNA and RNA targets.



In this Example, the following minerals were assessed: the

phyllosilicate clays, bentonite, Fuller's earth, and montmorillonite (MK10), and the

magnesium silicate, talc. Human plasma samples were prepared as described above

and spiked with either the MS2 RNA phage at 106 pfu per sample or the HBV DNA

virus at 1,600 or 160 IU/sample. Each clay was added to the plasma sample at a final

concentration of 1, 10, 20, or 40 mg/mL and shaken until the clay was thoroughly

hydrated (approximately five minutes at room temperature). The clays were removed

from the plasma samples by centrifugation, and the samples were subjected to alkaline

lysis by adding 1M potassium hydroxide (KOH) to a final concentration of 0.08M at

room temperature for 5-10 minutes. No neutralization steps were performed prior to

PCR analysis. To test for the presence of viral RNA, standard quantitative RT-PCR

analysis was performed on the samples using virus-specific primers.

As shown in FIG. 3, treatment of samples with each of the clay minerals

enabled RNA target detection by RT-PCR. In contrast, no viral RNA was detected in

the absence of clay treatment. Similar results were obtained when samples were

prepared for detection of a DNA target. Here, plasma samples spiked with HBV were

subjected to alkaline lysis after pre-treatment with bentonite, halloysite, or bentonite

clay screened to ultra- fine particle size (nanobentonite). No further neutralization or

purification steps were performed prior to PCR analysis to detect the viral target. These

results indicate that several types of clay are suitable to combine with alkaline lysis in

order to prepare complex biological samples for nucleic acid analysis.

EXAMPLE 3

PREPARATIONOF A SAMPLE DERIVED FROM WHOLE BLOOD

FOR DETECTION OF A RNA TARGET

This Example demonstrates that a sample preparation protocol based on

clay lysis can be used to generate an extract of whole blood for the detection of an RNA

virus.

It is well known in the art that whole blood contains factors that interfere

with PCR analysis. This raises challenges in using unfractionated blood as a sample in

nucleic acid-based diagnostic assays. To investigate whether clay may overcome these

intrinsic inhibitory properties, whole blood spiked with plasma derived from patients

infected with Hepatitis C virus (HCV) was used as a starting material for analysis. In

this experiment, either bentonite or the synthetic swelling clay, laponite, was used for

sample treatment prior to alkaline lysis. Clay was dissolved in water and added to the

HCV-spiked whole blood samples at a final concentration of 0.63-1 .33% (wt/vol).

Samples were mixed at room temperature for 5-10 minutes and the clay was removed



by centrifugation. Samples were subjected to alkaline lysis with KOH as described

above. qPCR analysis was performed directly on the lysed whole blood samples

without any further extraction or purification steps. The HCV RNA target was detected

by standard qRT-PCR using HCV-specific primers and probes.

The PCR data were graphed as box plots of the quantitative cycle (Cq)

for each data point, which are set forth in FIG. 4 (lower values of Cq indicate more

abundant template and/or a less inhibited qPCR or qRT-PCR)). The boxes represent the

interquartile range of the data ("IQR", which is 25-75% of the data points), while the

lines through the boxes represents the median value of the data. The whiskers represent

the highest and the lowest data points. If the interquartile ranges do not overlap, the

data are considered different by a statistically significant margin. As can be seen in

FIG. 4, both laponite and bentonite treatment provide a significant improvement in

detection of the RNA target in whole blood. These results indicate that clay not only

protects the RNA target from alkaline hydrolysis, but also protects the target from

nucleases present in whole blood. Furthermore, the data suggest that the combination

of clay and alkaline lysis may overcome the inhibitory effects of other factors present in

blood on the PCR reaction.

EXAMPLE 4

SIMULTANEOUSDNA AND RNA EXTRACTION WITH CLAY AND ALKALINE LYSIS

This Example demonstrates that a protocol based on clay treatment

followed by alkaline lysis can be used to prepare a single sample for detection of both a

DNA and a RNA target.

In this experiment, human blood was spiked with serum from both a

patient infected with HBV and a different patient infected with HCV. The virus-spiked

blood samples were pre-treated with bentonite, diatomaceous earth, or laponite clay or

no clay as a control. This was followed by alkaline lysis, as described above. Lysed

samples were used directly in qRT-PCR reactions without any further extraction or

purification steps to detect HBV- or HCV-specific sequences.

The Cq data are presented as box plots in FIG. 5, which demonstrate that

each of the three clays significantly improves the detection of both RNA and DNA

targets present in the same preparation of whole blood sample lysate. Taken together,

the data presented in these Examples indicate that clay provides numerous

advantageous properties in sample preparation for nucleic acid analysis, including, but

not limited to, protection of RNA targets from alkaline hydrolysis and protection of

nucleic acid targets and downstream assay components from inhibitors present in

biological sample extracts.



The various embodiments described above can be combined to provide

further embodiments. All of the U.S. patents, U.S. patent application publications, U.S.

patent applications, foreign patents, foreign patent applications and non-patent

publications referred to in this specification and/or listed in the Application Data Sheet,

including but not limited to U.S. Patent Application No. 61/820,587, filed May, 7,

2013, are incorporated herein by reference, in their entirety. Aspects of the

embodiments can be modified, if necessary to employ concepts of the various patents,

applications and publications to provide yet further embodiments. These and other

changes can be made to the embodiments in light of the above-detailed description. In

general, in the following claims, the terms used should not be construed to limit the

claims to the specific embodiments disclosed in the specification and the claims, but

should be construed to include all possible embodiments along with the full scope of

equivalents to which such claims are entitled. Accordingly, the claims are not limited

by the disclosure .



CLAIMS

1. A method for treating a nucleic acid-containing sample for

analysis of nucleic acids, the method comprising the steps of:

a) contacting the sample with a clay mineral;

b) mixing the sample and the clay mineral until the clay mineral is

evenly dispersed in the sample;

c) substantially removing the clay mineral from the sample;

d) contacting the sample with an alkaline solution at a pH suitable

for lysis of cell and viral particles to form a nucleic acid solution;

e) and, optionally, contacting the nucleic acid solution with an

acidic solution suitable for neutralizing the pH of the nucleic acid solution.

2 . The method of claim 1, wherein the clay mineral comprises a

kaolinite, smectite, or illite clay mineral.

3 . The method of claim 1, wherein the clay mineral comprises talc.

4 . The method of claim 1, wherein the clay mineral comprises

halloysite.

5 . The method of claim 1, wherein the clay mineral comprises

bentonite.

6 . The method of claim 1, wherein the clay mineral comprises a

synthetic clay mineral.

7 . The method of claim 6, wherein the synthetic clay mineral

comprises laponite.

8. The method of claim 1, wherein the alkaline solution comprises

KOH, NaOH, or LiOH, or combinations thereof.

9 . The method of claim 8, wherein the alkaline solution comprises

KOH.



10. The method of claim 1, wherein the pH suitable for lysis is

obtained from an alkaline solution of about 0.1 M base.

11. The method of claim 1, wherein the optional acidic solution

comprises HC1 , C2H4O2 or H2SO4.

12. The method of claim 1, wherein the sample comprises one or

more infectious agents.

13. The method of claim 12, wherein the one or more infectious

agents are viral agents.

14. The method of claim 13, wherein the sample comprises at least

two viral agents.

15. The method of claim 14, wherein the sample comprises a DNA

virus and an RNA virus.

16. The method of claim 15, wherein the DNA virus is HBV.

17. The method of claim 16, wherein the RNA virus is HCV or HIV.

18. The method of claim 1, wherein the sample is selected from

blood, plasma, serum, urine, saliva, sputum, respiratory lavage, tears, and tissue swabs.

19. The method of claim 18, wherein the sample is selected from

blood, plasma, and serum.

20. The method of claim 1, further comprising a nucleic acid

amplification step.

2 1. The method of claim 20, wherein the nucleic acid amplification

step is selected from PCR, RT-PCR, qPCR, and qRT-PCR.
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