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METHODS OF OPTIMAL PURIFICATION OF NUCLEIC ACIDS
AND KIT FOR USE IN PERFORMING SUCH METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 12/549685, filed

August 28, 2009, the content of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention relates to methods of optimally purifying nucleic acids, and also to a

kit for use in performing such methods.

BACKGROUND OF THE INVENTION

[0003] The purification of deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) plays an

important role in scientific procedures. There are a number of known methods of purifying

single- and double-stranded DNA or RNA contained in biological fluids such as human

blood, serum, and cultured cells, as well as plants, animal and human tissues, and other

specimens. However, such methods can result in very low yields and do not always work

well when trying to extract small amounts of DNA from large samples. Known methods are

described in, for example, Nargessi, U.S. Pat. No. 6,855,499 (2005); Tereba et al, U.S. Pat.

No. 6,673,631 (2004); McKernan et al., U.S. Pat. No. 6,534,262 (2003); Taylor et al., J .

Chromatography A, 890:159-166 (2000); Ahn et al., BioTechniques, 29:466-468 (2000);

Scott Jr. et al., Lett. Appl. Microbiol, 31:95-99 (2000); Lin et al., BioTechniques, 29:460-466

(2000); Smith et al., U.S. Pat. No. 6,027,945 (2000); Mrazek et al., Acta Univ. Palacki.

Olomuc, Fac. Med. 142:23-28 (1999); Hawkins, U.S. Pat. No. 5,898,071 (1999); and

Hawkins, U.S. Pat. No. 5,705,628 (1998).

SUMMARY OF THE INVENTION

[0004] This invention is an improvement over the known methods described in the

aforementioned literature.

[0005] In one aspect, the invention relates to a method of purifying a defined quantity of

nucleic acid, which is contained in a medium, such as whole blood, plasma, or tissue cell

cultures obtained from humans, plants, or animals. The method includes steps of (a)

combining the medium containing nucleic acid with a definable amount of a binding matrix



capable of reversibly binding nucleic acid, and a formulation, the formulation being sufficient

to cause the nucleic acid to separate from its in vivo cellular environment and to bind to the

binding matrix, under a first set of binding conditions, wherein the amount of nucleic acid

bound to the binding matrix is essentially independent of the amount of surface area of the

definable amount of the binding matrix, (b) separating the binding matrix with nucleic acid

bound thereto from substantially the rest of the combined medium and formulation, (c)

eluting the nucleic acid from the binding matrix, thereby obtaining nucleic acid in a

substantially purified form, (d) using the definable amount of binding matrix used in step (a),

the amount of nucleic acid provided in step (c) being in excess of the binding capacity of the

binding matrix under a second set of binding conditions, wherein the amount of nucleic acid

bound to the definable amount of binding matrix is essentially dependent on the amount of

surface area of the definable amount of the binding matrix, (e) forming a complex of the

binding matrix and the nucleic acid by combining the binding matrix and the medium, under

a second set of binding conditions, wherein the amount of nucleic acid bound to the definable

amount of binding matrix is essentially dependent on the amount of surface area of the

definable amount of the binding matrix, (f) removing the complex with the nucleic acid from

the medium, and (g) separating the nucleic acid of step (f) from the complex, whereby a

defined quantity of nucleic acid is obtained.

[0006] The nucleic acid may be DNA, RNA, or a combination of DNA and RNA, and is

considered to be in a "substantially purified form" when the nucleic acid has been separated

from its in vivo cellular environment and obtained in a form that is useful in one or more

scientific procedures, such as the isolation of genetic material, polymerase chain reactions,

electrophoresis, sequencing, and cloning, among others.

[0007] The formulations used in the foregoing method can contain an amount of proteinase

K, 1-thioglycerol, lysis solutions, polyethylene glycol, NaCl, 1,2 propane diol, alcohol,

CHAPS (trade name for 3-[(3-cholamidopropyl)dimethylammonio]-l-propanesulfonate),

TERGITOL™ type NP-9 (trade name for 26-(4-nonylphenoxy)-3,6,9,12,15, 18,21,24-

octaoxahexacosan-1-ol), TRITON™ X-100 (trade name for 4-(l, 1,3,3-

tetramethylbutyl)phenyl-polyethylene glycol), guanidine thiocyanate and an amount of (i)

acetamide, (ii) one or more acetamide derivatives, or (iii) a combination of acetamide and one

or more acetamide derivatives. Preferred acetamide derivatives include methylacetamide and

dimethylacetamide. Herein, guanidine thiocyanate is sometimes referred to as "GTC," and



the combination of guanidine thiocyanate with acetamide and/or one or more acetamide

derivatives is sometimes referred to as "GTC-A."

[0008] In a preferred embodiment of the foregoing method, the first set of binding conditions

comprises a concentration of polyethylene glycol from approximately 5% (weight to volume)

to 12% (weight to volume), and the concentration of NaCl is from approximately 0.5M to

1.5M to facilitate binding of nucleic acid to the binding matrix, and the second set of binding

conditions comprises GTC-A chemistries to facilitate binding of the defined quantity of

nucleic acid to the binding matrix.

[0009] In another preferred embodiment, for the purification of RNA or a combination of

DNA and RNA, the first binding formulation may comprise 1,2 propane diol and a salt (e.g.,

NaCl, sodium citrate), or a combination of 1,2 propane diol, salt and an alcohol.

[0010] IfGTC-A is used in the second binding condition of the above method, the respective

amounts of GTC and acetamide and/or acetamide derivative(s) present in the formulation are

sufficient to cause the at least one nucleic acid to separate from its in vivo cellular

environment and to bind to the binding matrix. Preferably, the concentration of GTC in the

formulation is from approximately 2.6M to approximately 4.3M. Preferably, the

concentration of acetamide and/or acetamide derivative(s) in the formulation is from

approximately 5.0M to approximately 7.0M.

[0011] Any of a number of known binding matrices can be used in the foregoing method,

depending on the type of nucleic acid sought to be purified. Those skilled in the art will be

able to select a binding matrix that is compatible with the DNA, RNA or a combination of

DNA and RNA. Examples of suitable binding matrices include, but are not limited to,

paramagnetic cellulose particles, paramagnetic carboxy-cellulose particles, paramagnetic

zeolite particles, paramagnetic silica particles, cellulose membranes, silica membranes, nylon

membrane columns, PVDF membrane columns, polypropylene columns, HIGH PURE™

spin columns (available from Roche Diagnostics item 1 828 665), chemically modified

cellulosic materials comprising vicinal diols, zeolite, and nylon.

[0012] Optionally, one or more additional ingredients can be combined with the medium, the

binding matrix, and the formulation. For example, one or more enzymes which aid in the

degradation and lysis of cellular structure can be used to facilitate the separation of nucleic

acids such as DNA from their mediums. Examples of suitable additional ingredients include,



but are not limited to, proteinase K (available from Promega, Madison, WI, catalog item

V3021), 1-thioglycerol (1-TG) (available from SIGMA-ALDRICH™, St. Louis, MO, catalog

item M2172), lysis solutions, CHAPS (available from SIGMA-ALDRICH™, catalog item

C3023), TERGITOL™ type NP-9 (available from SIGMA-ALDRICH™, catalog item np9),

and TRITON ® X-IOO (available from Thermo Scientific, Waltham, MA, catalog item

BP151). How these additional ingredients are employed is not critical. For example, they

can be incorporated in the formulation, or they can be added to the medium either before or

after the medium is combined with the binding matrix and/or the formulation.

[0013] In another aspect, the invention relates to a method as described above, except that the

separation and eluting steps, (f) and (g), are not necessarily required, although such steps are

not excluded. Thus, the binding matrix with the nucleic acid bound thereto can form a

complex of the binding matrix and the nucleic acid without separating from the binding

matrix.

[0014] In yet another aspect, the invention relates to a kit for use in purifying nucleic acid

and/or binding nucleic acid to a binding matrix. The kit includes a binding matrix and

formulations as described above. Preferably, the ratio of binding matrix to formulation in the

kit is within the range of from 1:400 to 1:1, by volume. The preferred amount of binding

matrix is dependent on the preferred predetermined amount of nucleic acid that is desired

using the second binding condition. The ratio of binding matrix to formulation can be varied

within or outside of this preferred range, depending on, among other things, the nucleic

acid(s) of interest and the type of binding matrix employed.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 is a photograph showing the results of an electrophoresis analysis performed in

accordance with Example 1, described below.

[0016] FIG. 2 is a photograph showing the results of an electrophoresis analysis performed in

accordance with Example 2, described below.

[0017] FIGS. 3A and 3B are photographs showing the results of an electrophoresis analysis

performed in accordance with Example 3, described below.

[0018] FIGS. 4A and 4B are photographs showing the results of an electrophoresis analysis

performed in accordance with Example 4, described below.



[0019] FIGS. 5A and 5B are photographs showing the results of an electrophoresis analysis

performed in accordance with Example 5, described below.

[0020] FIG. 6 is a photograph showing the results of an electrophoresis analysis performed in

accordance with Example 6, described below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] The following are non-limiting examples of preferred implementations of this

invention. Throughout this specification, all volumes, pH levels, and concentrations are at

room temperature unless stated otherwise. Specific temperatures, concentrations, and

methods are only examples of preferred embodiments and should not be considered limiting

in any way. For example, the words vortexing and mixing can be used interchangeably to

mean combining the contents into equal or balanced parts.

Nucleic Acids

[0022] The nucleic acid capable of being purified using the present invention includes, but is

not limited to DNA (single-stranded, double-stranded, linear, covalently closed, supercoiled

and relaxed circular forms) or RNA (single stranded, double stranded, linear or covalently

closed), or a combination of DNA and RNA.

Nucleic acid-Containing Mediums

[0023] As used herein, the term "medium" encompasses any biological material, either

naturally occurring or scientifically engineered, which contains at least one nucleic acid in

addition to other non-nucleic acid material, such as biomolecules (e.g., proteins,

polysaccharides, lipids, low molecular weight enzyme inhibitors, oligonucleotides, primers,

templates), polyacrylamide, trace metals, organic solvents, etc. Examples of naturally-

occurring mediums include, but are not limited to, whole blood, blood plasma, and other

body fluids, as well as tissue cell cultures obtained from humans, plants, or animals.

Examples of scientifically-engineered mediums include, but are not limited to, lysates,

nucleic acid samples eluted from agarose and/or polyacrylamide gels, solutions containing

multiple species of nucleic acid molecules resulting either from nucleic acid amplification

methods, such as polymerase chain reaction (PCR) amplification or reverse transcription

polymerase chain reaction (RT-PCR) amplification, or from RNA or DNA size selection

procedures, and solutions resulting from post-sequencing reactions.



Binding Matrix

[0024] Advantageously, one or more binding matrices can be used in the present invention.

As used, herein, the term "binding matrix" encompasses any form capable of binding nucleic

acid. Those skilled in the art will be able to select an appropriate binding matrix for use.

[0025] Examples of suitable binding matrices include MAGAZORB® paramagnetic particles

(available from Promega, Madison, WI, catalog item MBlOOl), GENFIND™ particles

(available from BECKMAN-COULTER™, Fullerton, CA), MAGNESIL® Blue

paramagnetic silica particles (available from Promega, catalog item A2201), zeolite particles

(see Bitner et al, U.S. Published Patent Appln. No. 2007/0172855, the entirety of which is

incorporated by reference herein), and paramagnetic apple or citrus pectin particles. Other

suitable binding matrices include, without limitation, chemically modified cellulosic

materials comprising vicinal diols, nylon, paramagnetic silica particles, cellulose membranes,

and silica membranes. As a comparative example, silanated MAGNESIL® paramagnetic

silica particles were also used (see Bitner et al., U.S. Patent No. 6,787,307, the entirety of

which is incorporated by reference herein).

Formulation

[0026] The formulation acts as a lysis and/or binding solution that separates the nucleic acid

of interest from its in vivo cellular environment and, if a binding matrix is present, facilitates

the binding of the nucleic acid to the binding matrix. As mentioned above, the formulation

may contain an amount of proteinase K, 1-thioglycerol, lysis solutions, CHAPS,

TERGITOL™ type NP-9, TRITON™ X-100, GTC and an amount of acetamide and/or one

or more acetamide derivatives.

[0027] If GTC-A is used, the respective amounts of GTC and acetamide and/or acetamide

derivative(s) present in a GTC-A formulation can be adjusted to various concentrations. The

concentration of GTC in the formulation is preferably from approximately 2.6M to

approximately 4.3M. The concentration of acetamide and/or acetamide derivative(s) in the

formulation is preferably from approximately 5.0M to approximately 7.0M.

[0028] GTC can be purchased from Promega, catalog item V2791. Acetamide can be

purchased from SIGMA-ALDRICH™, catalog item A0500-500G. As mentioned, GTC can

also be used with derivatives of acetamide. Preferred acetamide derivatives include N-

methylacetamide (available from ACROS of Fair Lawn, NJ, catalog item 126141000) and



N,N-dimethylacetamide (available from SIGMA-ALDRICH™, catalog item D551 1).

Sometimes, such as when purifying DNA, RNA or a combination of DNA and RNA from

HEK293 tissue cells, the use of GTC and N,N-dimethylacetamide is preferred over the use of

GTC and acetamide or GTC and N-methylacetamide.

[0029] Optionally, a GTC-A formulation can further contain one or more additional

ingredients such as, for example, proteinase K, 1-TG, digitonin, lysis solutions, CHAPS,

TERGITOL™ type NP-9, and TRITON™ X-IOO.

[0030] In addition to being used as a lysis and/or binding solution, the GTC-A formulation

can also be used as a wash solution for removing impurities, as described in the methods

below.

Kits

[0031] A kit comprises a binding matrix, a first formulation providing binding conditions

wherein the amount of nucleic acid bound to the binding matrix is essentially independent of

the amount of surface area of the definable amount of the binding matrix, and a second

formulation providing binding conditions wherein the amount of nucleic acid bound to the

definable amount of binding matrix is essentially dependent on the amount of surface area of

the definable amount of the binding matrix.

[0032] In a preferred embodiment, the first formulation comprises polyethylene glycol of

8,000 molecular weight between 5% and 12% and NaCl from 0.5M to 1.5M, and a second

formulation that comprises guanidine thiocyanate from 2.6M to 4.3M, and acetamide, or N-

methylacetamide, or N 5N dimethylacetamide or a combination thereof, from 5.0M to 7.0M.

[0033] In another preferred embodiment, for the purification of RNA or a combination of

DNA and RNA, the first binding formulation may comprise 1,2 propane diol and a salt (e.g.

NaCl, sodium citrate), or a combination of 1,2 propane diol, salt and an alcohol.

[0034] The formulation can be combined with one or more binding matrices in a kit that can

be used in the purification of nucleic acids. Preferably, the ratio of binding matrix to

formulation in the kit is within the range of from 1:400 to 1:1, by volume. The preferred

amount of binding matrix is dependent on the preferred predetermined amount of nucleic acid

that is desired using the second binding condition. The ratio of binding matrix to formulation

can be varied within or outside of this preferred range, depending on the specific contents of

the kit and the application for which the kit is intended.



[0035] Advantageously, the kit can include more than one type of binding matrix, each

compatible with DNA, RNA, or both DNA and RNA. In this case, the kit can be used in the

selective purification of different amounts of DNA, RNA, or DNA and RNA.

First Method

[0036] In one preferred implementation, the invention relates to a method of purifying a

defined quantity of nucleic acid contained in a medium. The medium which contains nucleic

acids is combined with a definable amount of a binding matrix and a formulation, the

formulation being sufficient to cause the nucleic acid to separate from its in vivo cellular

environment and bind to the binding matrix under a first set of binding conditions. The first

set of binding conditions occurs when the amount of nucleic acid bound to the binding matrix

is essentially independent of the amount of surface area of the definable amount of the

binding matrix. The medium, binding matrix, and formulation can be combined in any order

or simultaneously. The binding matrix with the nucleic acid bound thereto is then separated

from substantially the rest of the combined medium and formulation, for example, by using a

magnetic rack, by centrifuging, or by filtration.

[0037] Optionally, at this point, the binding matrix and the nucleic acid can be washed using

a suitable wash solution, in order to remove any impurities. Thereafter, the at least one

nucleic acid is eluted from the binding matrix, thereby obtaining the at least one nucleic acid

in a substantially purified form. Furthermore, the nucleic acid can optionally be removed and

stored. Accordingly, the elution step can immediately follow the aforementioned steps, or it

can be performed at a later time. By choosing to elute the nucleic acid from the binding

matrix at a later time, the nucleic acid can be stored for downstream activities.

[0038] Once the nucleic acid has been eluted, the nucleic acid is combined with the discrete

quantity of binding matrix used in step (a), capable of reversibly binding nucleic acid, the

amount of nucleic acid eluted being in excess of the binding capacity of the binding matrix

under a second set of binding conditions. Under the second set of conditions, the amount of

nucleic acid bound to the definable amount of binding matrix is essentially dependent on the

amount of surface area of the definable amount of the binding matrix. The complex with the

nucleic acid is removed from the medium and the nucleic acid is separated from the complex,

whereby a defined quantity of nucleic acid is obtained. The separation can occur by, for

example, eluting the nucleic acid.



[0039] In more detail, the elution steps use an elution buffer to separate the nucleic acid from

the binding matrix, after which the substantially purified nucleic acid is contained in the

elution buffer. Suitable elution buffers include, but are not limited to, nuclease-free water or

aqueous solutions such as, for example, TRIS™-HC1, TRIS™-acetate, sucrose, and

formamide solutions. A preferred elution buffer is a TRIS™ buffer with

ethylenediaminetetraacetic acid (EDTA). More preferably, the elution buffer is about 1OmM

Tris (pH 8.0) and about ImM EDTA. Elution of the nucleic acid from the binding matrix

occurs quickly (e.g., in thirty seconds or less) when a suitable low ionic strength elution

buffer is used.

[0040] Following purification, the nucleic acid can be used for any of a number of known

scientific procedures, including, without limitation, the isolation of genetic material,

polymerase chain reactions, electrophoresis, sequencing, cloning, and the like. One of the

advantages of the foregoing method is that for certain types of biological samples, such as

human whole blood, tissue samples or soil samples, wherein the composition of the

biological sample varies within a relatively wide range (e.g. lipid composition and white

blood cell number both vary widely between donors of human whole blood, and soil samples

may vary widely in pH or salinity, which can increase the variability of the amount of nucleic

acid binding to a binding matrix), the purification of nucleic acid under the first set of binding

conditions reduces the variable composition of samples, which thereby reduces the range of

variability in the amounts of nucleic acid obtained using the second set of binding conditions.

[0041] Another advantage, which is optional, is that the method allows for both the separate

archiving of a portion of the nucleic acid purified under the first set of binding conditions, as

well as, the purification of a defined amount of nucleic acid under the second set of binding

conditions.

Second Method

[0042] In another embodiment, the present invention can be used in the purification of a

defined quantity of DNA contained in a medium, such as whole blood, plasma, or tissue cell

cultures obtained from humans, plants, or animals. The method includes steps of (a)

combining the medium containing DNA with a definable amount of a binding matrix capable

of reversibly binding DNA, and a formulation, the formulation being sufficient to cause the

DNA to separate from its in vivo cellular environment and to bind to the binding matrix,



under a first set of binding conditions, wherein the amount of DNA bound to the binding

matrix is essentially independent of the amount of surface area of the definable amount of the

binding matrix, (b) separating the binding matrix with DNA bound thereto from substantially

the rest of the combined medium and formulation, (c) eluting the DNA from the binding

matrix, thereby obtaining DNA in a substantially purified form, (d) using the discrete

quantity of binding matrix used in step (a), the amount of DNA provided in step (c) being in

excess of the binding capacity of the binding matrix under a second set of binding conditions,

wherein the amount of DNA bound to the definable amount of binding matrix is essentially

dependent on the amount of surface area of the definable amount of the binding matrix, (e)

forming a complex of the binding matrix and the DNA by combining the binding matrix and

the medium, under a second set of binding conditions wherein the amount of DNA bound to

the definable amount of binding matrix is essentially dependent on the amount of surface area

of the definable amount of the binding matrix, (f) removing the complex with the DNA from

the medium, and (g) separating the DNA of step (f) from the complex, whereby a defined

quantity of DNA is obtained.

[0043] This method is similar to the method mentioned above, however, it allows for the

optimal purification of DNA.

Third Method

[0044] In yet another embodiment, the invention relates to the methods as described above,

except that the separation and eluting steps are not required to be carried out, although such

steps are not excluded. This method allows nucleic acid bound to the binding matrix to be

stored for later use in other scientific procedures and downstream activities. Thus, the

binding matrix with the nucleic acid bound thereto can form a complex of the binding matrix

and the nucleic acid without separating from the binding matrix.

EXAMPLE 1

[0045] In this example, DNA from human whole blood samples was purified. The following

procedure was used:

[0046] 1. Prepare 18 samples, 1-18, by adding 20µl of proteinase K, followed by 200µl

of human whole blood (EDTA anticoagulated, available from Bioreclamation,

Inc., Hicksville, NY, catalog item HMPLEDTA3), to 18 separate 1.5ml plastic

tubes.



[0047] 2 . Add 200µl of Promega Lysis Buffer (available from Promega, catalog item

MC501, IL of Promega Lysis Buffer contains 50ml of IM Tris-HCl (Cone.

5OmM), 100ml of 0.5M EDTA (Cone. 5OmM), 382.1g of Guanidine

hydrochloride (Cone. 6M), 360.3g of Urea (Cone. 6M), 10ml of IM CaCl2

(Cone. 1OmM), 100ml of Tween 20 (Cone. 10%), and 100ml of 10% SDS

(Cone. 1%)), to each of tubes 1-18. Mix each sample thoroughly.

[0048] 3 . Allow each sample to sit for about 20 minutes at about 560C then, allow each

sample to sit for about 2 minutes at about 2 10C.

[0049] 4 . Add 500µl of Promega Binding Solution (available from Promega, catalog

item MC502, IL of Promega Binding Buffer contains 6g Of Na2H2PO4 -H2O

(Cone. 43mM), 2ml of 0.5 EDTA (Cone. ImM), 13ml of 2N NaOH (Cone.

26mM), 78.3g of NaCl (Cone. 1.34mM), 130g of PEG 8000 (Cone. 13%),

0.2g NaN 3 (Cone. 3mM), 0.9 Ig Cysteamine HCl (Cone. 8mM) and 0.476ml

Monothioglycerol (Cone. 0.05%)), to each of tubes 1-18. Mix each sample

thoroughly.

[0050] 5 . Allow each sample to sit for about 2 minutes at about 2 10C then, add the

following particles to each of samples 1-18 as follows: (a) to each of samples

1-4, add 20µl of MAGAZORB® paramagnetic particles; (b) to each of

samples 5-8, add l Oµl of MAGAZORB® paramagnetic particles; (c) to each

of samples 9-12, add 5µl of MAGAZORB® paramagnetic particles; (d) to

each of samples 13-16 add 2.5µl of MAGAZORB® paramagnetic particles;

(e) to sample 17, add 20µl of silanated MAGNESIL™ paramagnetic silica

particles, and (f) to sample 18, add l Oµl of silanated MAGNESIL™

paramagnetic silica particles. The silanated MAGNESIL™ paramagnetic

silica particles serve as negative controls. Vortex each sample every 2-3

minutes for about 20 minutes at a temperature of about 2 10C.

[0051] 6 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes. Remove the excess fluid, so that only the magnetized particles

remain.

[0052] 7 . Remove the samples from the magnetic rack and wash each sample by adding

ImI of Promega Wash Solution (available from Promega, catalog item



MC504, IL of Promega Wash Solution contains 6g OfNa 2H2PO4 -H2O (Cone.

43mM), 2ml of 0.5 EDTA (Cone. ImM), 8.6ml of 2N NaOH (Cone.

17.2mM), 29.2g of NaCl (Cone. 0.5mM), lOOg of PEG 8000 (Cone. 10%),

0.2g NaN 3 (Cone. 3mM), 0.9 Ig Cysteamine HCl (Cone. 8mM) and 0.476ml

Monothioglycerol (Cone. 0.05%)) and mixing by, for example, vortexing.

Next, magnetize the samples by placing them back on the magnetic rack for an

additional 2 minutes. Remove the excess fluid, so that only the magnetized

particles remain.

[0053] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding 200 µl of nuclease free water to each sample for about 20

minutes at a temperature of about 56 0C.

[0054] 9. If clumping occurs in any of the samples, mix the sample by pipetting, first

using a PlOOO tip, and then a narrower bore P200 tip. This will break up the

clump of particles and DNA.

[0055] 10. Using blue/orange 6X loading dye (available from Promega, catalog item

G 190), load 5µl of the samples per lane into a 1% agarose gel (available from

Cambrex Bio Science, Rockland, ME, catalog item 54907). Lanes 1-4: 20µl

of particles; lanes 5-8: l Oµl of particles; lanes 9-12: 5µl of particles; lanes 13-

15: 2.5 µl of particles; lanes 16-17: Promega genomic DNA (G304); lane 18:

Promega lOObp ladder; lane 19: 20µl silanated MAGNESIL™ particles; lane

20: l Oµl silanated MAGNESIL™.

[0056] 11. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold (available from INVITROGEN™,

catalog item Sl 1494), and digitally image all of the lanes using an ALPHA

INNOTECH FLUORCHEM™ Imaging System, and, in particular, the

Amersham TYPHOON™ platform with settings of: 1. ex488/em526. 2 . PMT

450.

[0057] FIG. 1 shows the results of the electrophoresis analysis of the 18 samples prepared

according to Example 1. In FIG. 1, the lanes are numbered 1-20, from left to right. As

demonstrated in FIG. 1, in the case of human whole blood, the use of MAGAZORB®



paramagnetic particles achieved substantial purification of genomic DNA. All concentrations

of MAGAZORB® paramagnetic particles resulted in substantial DNA purification. Lane 15,

which purified DNA using 2.5µl of particles, shows at least as much DNA as that obtained

using 20µl of particles. This ability to purify large amounts of DNA, using either larger

amounts of particles or smaller amounts of particles is sometimes referred to herein as the

MaxYield method.

EXAMPLE 2

[0058] In this example, DNA from human whole blood samples was purified using the

MaxYield method together with a formulation and binding matrix, different from the binding

matrix of Example 1. The following procedure was used:

[0059] 1. Prepare 18 samples, 1-18, by adding 20µl of proteinase K, followed by 200µl

of human whole blood, to each of eighteen 1.5ml plastic tubes.

[0060] 2 . Add 200µl of Promega Lysis Buffer to each of tubes 1-18. Mix each sample

thoroughly by, for example, vortexing.

[0061] 3 . Allow each sample to sit for about 20 minutes at about 560C then, allow each

sample to sit for about 2 minutes at about 2 10C.

[0062] 4 . Add 500µl of Promega Binding Solution, to each of tubes 1-18. Mix each

sample thoroughly by, for example, vortexing.

[0063] 5 . Allow each sample to sit for about 2 minutes at 2 10C, then add the following

particles to each of samples 1-18 as follows: (a) to each of samples 1-4, add

20µl of paramagnetic zeolite particles; (b) to each of samples 5-8, add l Oµl of

paramagnetic zeolite particles; (c) to each of samples 9-12, add 5µl of

paramagnetic zeolite particles; (d) to each of samples 13-16 add 2.5µl of

paramagnetic zeolite particles; (e) to sample 17, add 20µl of DNA-IQ™

paramagnetic particles, and (f) to sample 18, add l Oµl of DNA-IQ™

paramagnetic particles. The DNA-IQ™ paramagnetic particles (available

from Promega, catalog item DC6701), serve as negative controls. Mix each

sample by vortexing every 2-3 minutes for about 20 minutes at a temperature

of about 2 10C.



[0064] 6 . Magnetize the samples by placing them on a magnetic rack for 2 minutes.

Remove the excess fluid, so that only the magnetized particles remain.

[0065] 7 . Remove the samples from the magnetic rack and wash each sample by adding

ImI of Promega Wash Solution and mix by vortexing. Next, magnetize the

samples by placing them back on the magnetic rack for an additional 2

minutes. Remove the excess fluid, so only the magnetized particles remain.

[0066] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding 200 µl of nuclease free water to each sample for about 20

minutes at a temperature of about 56 0C.

[0067] 9. If clumping occurs in any of the samples, mix the sample by pipetting, first

using a PlOOO tip, and then a narrower bore P200 tip. This will break up the

clump of particles and DNA.

[0068] 10. Using blue/orange 6X loading dye, load 5µl of the DNA-containing, nuc lease-

free water from each of samples 1-18. Lanes 1-4: 20µl of particles; lanes 5-8:

l Oµl of particles; lanes 9-12: 5µl of particles; lanes 13-16: 2.5µl of particles;

lane 17: Promega lOObp DNA ladder; lane 18: Promega genomic DNA

(G304); lane 19: 20µl DNA-IQ™ resin; lane 20: l Oµl DNA-IQ™ resin.

[0069] 11. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[0070] FIG. 2 shows the results of the electrophoresis analysis of the 18 samples prepared

according to Example 1. In FIG. 2, the lanes are numbered 1-20, from left to right. Lanes 1-

16, 19, and 20 show the results for samples 1-16, 19, and 20, respectively; lane 18 shows

genomic DNA standard; and lane 17 shows the lOObp DNA ladder of standard molecular

weight.

[0071] As shown in FIG. 2, in the case of human whole blood, all concentrations of

paramagnetic zeolite particles resulted in substantial DNA purification, and the amounts of

DNA purified were largely independent of the amount of particles used in the purification.



EXAMPLE 3

[0072] In this example, DNA from 200µl human whole blood was purified with a DNA-IQ™

method using a GTC-A formulation and binding matrix. The following procedure was used:

[0073] 1. Prepare "Dx -A," which consists of 4.0M GTC, 5.0M acetamide, 20%

(volume/volume) 1-TG, 0.64% (weight/volume) CHAPS, 0.64%

(volume/volume) TERGITOL™ type NP-9, and 0.16% (volume/volume)

TRITON™ X-100 in a 15ml plastic tube.

[0074] 2 . To the 4 ml of Dx -A, add 2ml of human whole blood and thoroughly mix by,

for example, vortexing. Add 2ml of nuclease free water and mix by, for

example, vortexing.

[0075] 3 . Prepare fifteen samples, 1-15 by adding 500µl of the new combination to each

of fifteen 1.5ml plastic tubes, then add the following particles to each of

samples 1-15 as follows: (a) to each of samples 1-3, add 20µl of

MAGAZORB® paramagnetic particles; (b) to each of samples 4-6, add l Oµl

of MAGAZORB® paramagnetic particles; (c) to each of samples 7-9, add 5µl

of MAGAZORB® paramagnetic particles; (d) to each of samples 10-12 add

2.5µl of MAGAZORB® paramagnetic particles; and (e) to samples 13-15, add

1.25 µl of MAGAZORB® paramagnetic particles. Mix each sample by

vortexing for about 10 minutes at about 2 10C.

[0076] 4 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes. Remove the excess fluid, so that only the magnetized particles

remain.

[0077] 5 . Remove the samples from the magnetic rack and wash each sample by adding

500µl OfDx - A and then mix by, for example, vortexing. Next, magnetize the

samples by placing them back on the magnetic rack for an additional 1 minute.

Remove the excess fluid, so only the magnetized particles remain.

[0078] 6 . For each of samples 1-15, repeat the wash procedure of step 5, five more times

using 500µl OfDx - A each time.

[0079] 7 . Wash each sample twice with 500µl of a mixture of 2.6M GTC and 7.1M

acetamide, using the wash procedure of step 5, except substituting the GTC-A

mixture for Dx -A.



[0080] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample.

[0081] 9 . Using blue/orange 6X loading dye, load 5µl of the DNA-containing nuclease

free water from each of samples 1-15 into a respective one of fifteen agarose

gel electrophoresis lanes contained in two 15% TBE-urea gels.

[0082] 10. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[0083] FIGS. 3A and 3B show the results of the electrophoresis analysis of the fifteen

samples prepared according to Example 3 . In FIG. 3A, the lanes are numbered 1-12, from

left to right. In FIG. 3B, the lanes are numbered 13-24, from left to right. Lanes 1-15 show

the results for samples 1-15, respectively; lane 16 is empty; lane 17 shows the lOObp DNA

ladder of standard molecular weight; lane 18 shows Promega 326ng genomic DNA; lane 19

shows Promega 163ng genomic DNA; lane 20 shows Promega 82ng genomic DNA; lane 2 1

shows Promega 4 Ing genomic DNA; lanes 22 and 23 show Promega DNA markers. Lane 24

is empty.

[0084] As shown in FIGS. 3A and 3B, in the case of human whole blood, all of the samples

prepared in accordance with Example 3 achieved DNA purification using this "DNA-IQ™"

method using a GTC-A formulation and MAGAZORB® paramagnetic particles. In contrast

to the MaxYield method shown in Examples 1 and 2, using this DNA-IQ™ method, as the

amount of particles used per sample decreased, the amount of DNA purified similarly

decreased.

[0085] Table 1 shows the results of the DNA yields of the samples from Example 3 as

performed through PICOGREEN® assay, which was performed according to the

manufacturer ' s directions .



TABLE 1

IAGAZORB(R Concentration
paramagnetic of DNA Average
particles (µl) (ng/µl) Concentration

20µl A 1.82
20µl B 0.88
20µl C 1.90 1.531483
10µl A 1.05
10µl B 0.88
10µl C 0.54 0.823651
5µl A 1.19
5µl B 0.19
5µl C 0.27 0.550287

2.5µl A 0.14
2.5µl B 0.15
2.5µl C 0.10 0.129339
1.25µl A 0.09
1.25µl B 0.03
1.25µl C 0.03 0.046405

EXAMPLE 4

[0086] In this example, DNA from human whole blood samples was released using the

DNA-IQ™ method with a GTC-A formulation and a binding matrix, different from the

binding matrix of Example 3 . The following procedure was used:

[0087] 1. Prepare "Dx -A" which consists of 4.0M GTC, 5.0M acetamide, 20%

(volume/volume) 1-TG, 0.64% (weight/volume) CHAPS, 0.64%

(volume/volume) TERGITOL™ type NP-9 , and 0.16% (volume/volume)

TRITON™ X-100 in a 15ml plastic tube.

[0088] 2 . To 4ml of Dχ-A, add 2ml of human whole blood and mix the combination by,

for example, vortexing. Add 2ml of nuclease free water and mix the new

combination by, for example, vortexing.

[0089] 3 . Prepare fifteen samples, 1-15 by adding 500µl of the new combination to each

of fifteen 1.5ml plastic tubes, then add the following particles to each of

samples 1-15 as follows: (a) to each of samples 1-3, add 20µl of paramagnetic

zeolite particles; (b) to each of samples 4-6, add l Oµl of paramagnetic zeolite

particles; (c) to each of samples 7-9, add 5µl of paramagnetic zeolite particles;

(d) to each of samples 10-12 add 2.5µl of paramagnetic zeolite particles; and



(e) to samples 13-15, add 1.25 µl of paramagnetic zeolite particles. Mix each

sample by vortexing and incubate for about 10 minutes at about 2 10C.

[0090] 4 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes. Remove the excess fluid, so that only the magnetized particles

remain.

[0091] 5 . Remove the samples from the magnetic rack and wash each sample by adding

500µl of Dχ- A and mix by, for example, vortexing. Next, magnetize the

samples by placing them back on the magnetic rack for an additional 1 minute.

Remove the excess fluid, so that only the magnetized particles remain.

[0092] 6 . For each of samples 1-15, repeat the wash procedure of step 5 seven more

times using 500µl of Dχ- A each time.

[0093] 7 . Wash each sample twice with 500µl of a mixture of 2.6M GTC and 7.1M

acetamide, using the wash procedure of step 5 .

[0094] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample.

[0095] 9 . Remove the elutions from the samples and place them in separate tubes

numbered \a-\5a, corresponding to tubes 1-15, respectively. Then perform a

second elution by adding lOOµl of nuclease free water to each of samples 1-

15.

[0096] 10. Again, remove the elutions from samples 1-15 and place the elutions in

separate tubes numbered Ib-I5b, corresponding to tubes 1-15, respectively.

Then, perform a third elution by adding lOOµl of nuclease free water to each

sample.

[0097] 11. Add the respective a and b elution tubes to the third elution of its respective

sample, i.e. add tubes \a and \b to sample 1. Combining the three elutions

facilitates a more complete elution of samples from their respective particles.

[0098] 12. Using blue/orange 6X loading dye, load 5µl of the combined elution sample of

the DNA-containing nuclease free water from each of samples 1-15 into a

respective one of fifteen agarose gel electrophoresis lanes contained in a 15%

TBE-urea gel.



[0099] 13. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[00100] FIGS. 4A and 4B show the results of the electrophoresis analysis of the fifteen

samples prepared according to Example 4 . In FIG. 4A, the lanes are numbered 1-12, from

left to right. In FIG. 4B, the lanes are numbered 13-24, from left to right. Lanes 1-9 show

the results for samples 1-9, respectively; lane 10 shows the lOObp DNA ladder of standard

molecular weight; lane 11 shows Promega 320ng genomic DNA; lane 12 shows Promega

8Ing genomic DNA; lanes 13-18 shows the results for samples 10-15, respectively; lane 19 is

empty; lane 20 shows lOObp DNA ladder of standard molecular weight; lane 2 1 shows

Promega 160ng genomic DNA; lane 22 shows Promega 80ng genomic DNA; lane 23 shows

Promega 40ng genomic DNA. Lane 24 is empty.

[00101] As shown in FIGS. 4A and 4B, in the case of human whole blood, all of the

samples prepared in accordance with Example 4 achieved DNA purification using the DNA-

jQTM
m e thod in combination with a GTC-A formulation and paramagnetic zeolite particles.

In agreement with the results of Example 3, and in contrast to the MaxYield method shown in

Examples 1 and 2, using this DNA-IQ™ method shows that as the amount of particles used

per sample decreases, the amount of DNA purified correspondingly decreases.

EXAMPLE 5

[0100] In this example, DNA from human whole blood samples was released with a

MaxYield method using a formulation containing polyethylene glycol 8000 and NaCl and a

binding matrix, followed by a DNA-IQ™ method using a GTC-A formulation and the

binding matrix. The following procedure was used:

[0101] 1. Prepare twelve samples, 1-12, by adding 20µl of proteinase K, followed by

200 µl of human whole blood, to each of twelve 1.5ml plastic tubes. To tubes

numbered 1, 2, 5, 6, 9, and 10, add blood from donor L, and add to tubes 3, 4,

7, 8, 11, and 12, blood from donor H.



[0102] 2 . Add 200µl of Promega Lysis Buffer to each sample. Mix each sample

thoroughly by vortexing.

[0103] 3 . Incubate each sample for about 10 minutes at about 560C.

[0104] 4 . Add 500µl of Promega Binding Solution, to each sample. Mix each sample

thoroughly by, for example, vortexing.

[0105] 5 . Allow each sample to sit for about 2 minutes at about 2 10C, then add the

following particles to each of samples 1-12 as follows: (a) to each of samples

1-4, add l Oµl of MAGAZORB® paramagnetic particles; (b) to each of

samples 5-8, add 5µl of MAGAZORB® paramagnetic particles; and (c) to

each of samples 9-12, add 2.5µl of MAGAZORB® paramagnetic particles.

Mix each sample by vortexing every 2-3 minutes for about 10 minutes at

about 2 10C.

[0106] 6 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes. Remove the excess fluid, so that only the magnetized particles

remain.

[0107] 7 . Remove the samples from the magnetic rack and wash each sample by adding

ImI of Promega Wash Solution and then mix by vortexing. Next, magnetize

the samples by placing them back on the magnetic rack for an additional 5

minutes. Remove excess fluid, so that only the magnetized particles remain.

[0108] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding 200µl of nuclease free water to each sample for about 10

minutes at about 2 10C.

[0109] 9 . Magnetize the samples by placing them on a magnetic rack for about 1 minute.

Remove l Oµl of elution from each of samples 1-12, placing them in clean

1.5ml plastic tubes numbered 13-24, respectively. (Although only l Oµl of

elution is set aside, it is possible to set aside greater amounts of the samples

for later analysis while leaving the samples with purified DNA in excess of the

amount which can be bound by the binding matrix in the following steps).

[0110] 10. Prepare "Lx " which consists of 4.0M GTC, 5.0M acetamide, and 20%

(volume/volume) 1-TG.



[0111] 11. Remove the samples from the magnetic rack and wash each sample by adding

300µl of Lx and mixing by vortexing. Incubate the samples for about 5

minutes at about 2 10C. Next, magnetize the samples by placing them back on

the magnetic rack for an additional 1 minute. Remove the excess fluid, so that

only the magnetized particles remain for each sample.

[0112] 12. For each sample, repeat the wash procedure of step 11 using 500µl of Lx .

[0113] 13. Wash each sample with 500µl of a mixture of 2.6M GTC and 7.1M acetamide,

using the wash procedure of step 11, substituting the Lx with the GTC-A

formulation.

[0114] 14. Then, wash each sample with 500µl of Promega Wash Solution, using the

wash procedure of step 11, substituting the Lx for Promega Wash Solution.

[0115] 15. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample.

[0116] 16. After magnetic separation of samples 1-12, using blue/orange 6X loading dye,

load 5µl from each of samples 1-12 and l Oµl of elution samples 13-24 into a

respective one of twenty-four agarose gel electrophoresis lanes containing a

15% TBE-urea gel.

[0117] 17. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUOROCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

FIGS. 5A and 5B show the results of the electrophoresis analysis of the twenty-four samples

prepared according to Example 5 . In FIG. 5A, the lanes are numbered 1-12, from left to

right. In FIG. 5B, the lanes are numbered 13-24, from left to right. Lanes 1 and 2 : l Oµl of

MAGAZORB™ particles with blood donor L, lanes 3 and 4 : l Oµl of MAGAZORB™

particles with blood donor H, lanes 5 and 6 : 5µl of MAGAZORB™ particles with blood

donor L, lanes 7 and 8 : 5µl of MAGAZORB™ with blood donor H, lanes 9 and 10: 2.5µl of

MAGAZORB™ particles with blood donor L, lanes 11 and 12: 2.5µl of MAGAZORB™

particles with blood donor H, lanes 13-24 show l Oµl of 200µl of the PEG/NaCl elutions



which were removed in step 9, lanes 13 and 14: 10µl of MAGAZORB™ particles with blood

donor L, lanes 15 and 16: l Oµl of MAGAZORB™ particles with blood donor H, lanes 17 and

18: 5µl of MAGAZORB™ particles with blood donor L, lanes 19 and 20: 5µl of

MAGAZORB™ particles with blood donor H, Lanes 2 1 and 22: 2.5µl of MAGAZORB™ 8 :

5µl of MAGAZORB™ particles with blood donor L, lanes 23 and 24: 2.5µl of

MAGAZORB™ particles with blood donor H.

[0118] As shown in FIGS. 5A AND 5B, in the case of human whole blood, the use of a

GTC-A formulation in combination with a binding matrix in the DNA-IQ™ method samples

allowed the purification of genomic DNA from each of the samples prepared according to

Example 5 . Increased amounts of particles used per sample correspond to increased amounts

of DNA in the final purification.

EXAMPLE 6

[0119] In this example, DNA from three different human whole blood donors was purified

using two separate purification methods. The DNA yields using the MaxYield-DNA-IQ™

method (MaxYield followed by DNA-IQ™) were compared to the DNA yields obtained

using the DNA-IQ™ method. The following procedure was used:

[0120] A. Purification of DNA using the DNA-IQ™ method with blood from three donors.

[0121] 1. To each well of columns 1-6 of a deep well 96 plate (available from Promega,

item V6771) add 5µl of MAGAZORB® paramagnetic particles, using a single

tip pipetter, for a total of 48 wells. Each column represents one sample, which

is replicated 8 times, in each of the eight wells per column.

[0122] 2 . Add 400µl of one of the following formulations to a different one of samples

1-6 as follows: (a) to samples (columns) 1-3 and 5, add Dx ; (b) to samples

(columns) 4 and 6, add "D X_MMA," which consists of 4.0M GTC, 5.0M N, N-

dimethylacetamide, 20% (volume/volume) 1-TG, 0.64% (weight/volume)

CHAPS, 0.64% (volume/volume) TERGITOL™ type NP-9 , and 0.16%

(volume/volume) TRITON™ X-100. Mix each sample thoroughly by

repeated pipetting with an eight tip multi-channel manual pipetter.

[0123] 3 . Add 150µl of human whole blood from one of the following donors to a

different one of samples 1-6 as follows: (a) to samples 1 and 2, add blood from

donor A; (b) to samples 3 and 4, add blood from donor B; and (c) to samples 5



and 6, add blood from donor C. Mix each sample by pipetting with an eight

tip multi-channel manual pipetter for about 2 minutes, and then incubate each

sample for about 10 minutes at about 2 10C. Add 200µl of nuclease free water

to each of the 64 wells, and mix thoroughly with an 8 tip multichannel manual

pipetter.

[0124] 4 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes, specifically, a Deep Well MAGNABOT® 96 Magnetic Separation

Device (available from Promega, catalog item V3031). Remove the excess

fluid, so that only the magnetized particles remain for each sample.

[0125] 5 . Remove the samples from the magnetic rack and wash samples 1-6 with 400µl

per well (for each of 8 wells per sample) of the following wash solutions: (a)

wash samples 1-3 and 5 with Dx -A; and (b) wash samples 4 and 6 with freshly

made DX_MMA - Mix each sample thoroughly by repeated pipetting with an

eight tip multi-channel manual pipetter for about 2 minutes. Next, magnetize

the samples by placing them back on the magnetic rack for an additional 1

minute. Remove the excess fluid, so that only the magnetized particles remain

for each sample.

[0126] 6 . For each sample, repeat the wash procedure of step 5 an additional six times

using the same wash solutions for each sample.

[0127] 7 . Wash each sample with 400µl of Promega Wash Solution, using the wash

procedure of step 5, except substituting the respective wash solutions for

Promega Wash Solution.

[0128] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample for about 20

minutes at about 2 10C, then store the samples at about -2O0C.

[0129] 9 . After magnetic separation of samples 1-6, using blue/orange 6X loading dye,

load l Oµl of the eluted sample from each of the 8 wells per sample into their

respective one of forty-eight agarose gel electrophoresis lanes contained in

15% TBE-urea gels.

[0130] 10. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.



Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[0131] B. Purification of DNA using the MaxYield-DNA-IQ™ method with blood from a

three donors.

[0132] 1. Prepare forty-eight samples, 1-48, by adding 15µl of proteinase K to each of

forty-eight wells in columns 1-6 of a round bottom deep 96 well plate. As

above, each sample (columns 1-6) contains 8 replicate wells.

[0133] 2 . Add 150µl of human whole blood from one of the following donors to each

well of samples 1-6 as follows: (a) to each of samples 1 and 2 (columns 1 and

2, 16 wells total), add 150µl blood per well from donor A; (b) to each of

samples 3 and 4 (columns 3 and 4, 16 wells total), add 150µl blood per well

from donor B; and (c) to each of samples 4 and 5 (columns 4 and 5, 16 wells

total), add 150µl blood per well from donor C. 150µl of Promega Lysis

Solution (available from Promega, catalog item MC501) was added per well,

for all 48 wells. Mix each sample by pipetting with an eight tip multi-channel

manual pipetter for about 2 minutes, and then incubate each sample for about

10 minutes at about 2 10C.

[0134] 3 . Add 375µl of Promega Binding Buffer (available from Promega, catalog item

MC502) to each sample.

[0135] 4 . Add 5µl of MAGAZORB® paramagnetic particles, to each of the 48 wells,

using a single tip pipetter. Mix each sample by pipetting with an eight tip

multi-channel manual pipetter for about 2 minutes, and then incubate each

sample for about 10 minutes at about 2 10C.

[0136] 5 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes, specifically, a Deep Well MAGNABOT® 96 Magnetic Separation

Device. Remove the excess fluid, so that only the magnetized particles

remain.

[0137] 6 . Remove the samples from the magnetic rack and wash the samples with 500µl

of Promega Wash Solution (MC504). Next, magnetize the samples by placing



them back on the magnetic rack for an additional 2 minutes. Remove the

excess fluid, so that only the magnetized particles remain for each sample.

[0138] 7 . Remove the samples from the magnetic rack. Elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample for about 15

minutes at about 2 10C (using an 8 channel multi-channel pipetter to mix).

[0139] 8. Magnetize the samples by placing them back on the magnetic rack for about 1

minute. Remove 20µl of each sample well and store in a clean round bottom

deep 96 well plates at about -2O0C for future use (including some samples used

for lanes 1-3 of Figure 6). Remove the samples from the magnetic rack and

then resuspend the particles in each sample using an eight tip multi-channel

manual pipetter.

[0140] 9 . Add 400µl of one of the following formulations to a different one of sample

wells 1-48 as follows: (a) to each of sample wells 1-24, and 33-40, add Dx ; (b)

to each of samples 25-32, and 41-48, add "D X_MMA ," which consists of 4.0M

GTC, 5.0M N, N-dimethylacetamide, 10% (volume/volume) 1-TG, 0.64%

(weight/volume) CHAPS, 0.64% (volume/volume) TERGITOL™ type NP-9 ,

and 0.16% (volume/volume) TRITON™ X-100. Mix each sample thoroughly

by repeated pipetting with an eight tip multi-channel manual pipetter for about

2 minutes, and then incubate each sample for about 10 minutes at about 2 10C.

[0141] 10. Magnetize the samples by placing them on a magnetic rack for about 1 minute.

Remove the excess fluid, so that only the magnetized particles remain.

[0142] 11. Remove the samples from the magnetic rack and wash each sample with

500µl of Dχ_A or freshly made D X_MMA , whichever was used in the binding

formulation. Mix each sample thoroughly by repeated pipetting with an eight

tip multi-channel manual pipetter for about 2 minutes. Next, magnetize the

samples by placing them back on the magnetic rack for an additional 1 minute.

Remove the excess fluid, so that only the magnetized particles remain.

[0143] 12. Wash each sample with 500µl of Promega Wash Solution, using the wash

procedure of step 5, except substituting Dx A or D X_MMA , whichever was used

per sample, with Promega Wash Solution.



[0144] 13. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample for about 20

minutes at about 2 10C, then store the samples at about -2O0C.

[0145] 14. After magnetic separation of samples 1-48, using blue/orange 6X loading dye,

load l Oµl of each eluted sample into a respective one of forty-eight agarose

gel electrophoresis lanes containing a 15% TBE-urea gel.

[0146] 15. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[0147] FIG. 6 shows the results of the electrophoresis analysis of some of the samples

prepared according to Examples 6A and 6B. In FIG. 6, the lanes are numbered 1-12, from

left to right. Lanes 1-3 show the results for DNA purified using the archived MaxYield

samples from step 8 of the method of Example 6B for blood donors A-C, respectively; lane 4

and lane 8 : Promega lOObp DNA Ladder; lanes 5-7 show the DNA from the same donors,

respectively, purified with the DNA-IQ™ method using GTC-A (Dχ_A) formulation of

Example 6A for blood donors A-C, respectively; lanes 9-12 show the results for DNA

purified using the MaxYield-DNA-IQ™ method and using the GTC-MMA (D X_MMA )

formulation with N,N-dimethyl acetamide of Example 6B for blood donors A-C,

respectively.

[0148] As shown in FIG. 6, in the case of human whole blood, for all three donors, the

MaxYield DNA from 6B step 8 provided DNA in excess of the binding capacity of the 5µl of

particles, under the conditions used for the subsequent DNA-IQ™ steps as described in

Example 6B.

[0149] Table 2 shows the results of the DNA yields of the samples from Examples 6A and

6B as performed using PICOGREEN®. The DNA yields of the MaxYield-DNA-IQ™ and

DNA-IQ™ methods are represented in the table below. Table 2 shows that the use of the

DNA-IQ™ method directly on blood provides greater variability in DNA concentration

(ng/ul) (0.45 to 6.1) between blood donors than does the MaxYield-DNA-IQ™ method



which shows arithmetic averages from 1.36 to 1.94 ng/ul (if the ID sample (4.91) were

excluded, the average of the first 7 samples would be 1.52, and the arithmetic averages of all

three blood donors would range from 1.36 to 1.71 using the MaxYield-DNA-IQ™ method).

TABLE 2

MaxYield DNA-

-DNA- Average IQ™ Average
IQ ™ Concentratio Standard (ng/ µ l Concentratio Standard

Donor & Sample # (ng/ µ l ) n Deviation ) n Deviation
Donor A / Sample 1 2.34 1.08
Donor A / Sample 2 1.16 1.08
Donor A / Sample 3 1.24 0.73
Donor A / Sample 4 4.91 1.63
Donor A / Sample 5 1.22 1.14
Donor A / Sample 6 1.3 0.94

0.24546706
Donor A / Sample 7 1.87 1.522857 8 1.12

0.29433319 0.15909902
Donor A / Sample 8 1.53 1.94625 8 1.36 1.135 6
Donor A / Sample 9 1.9 1.35

Donor A / Sample 10 1.86 0.98
Donor A / Sample 11 1.52 0.48
Donor A / Sample 12 1.18 0.75
Donor A / Sample 13 1.52 1
Donor A / Sample 14 1.77 1.16
Donor A / Sample 15 1.63 0.8

0.08927223 0.17235727
Donor A / Sample 16 1.77 1.64375 1 1.21 0.96625 8
Donor B / Sample 17 1.73 0.79
Donor B / Sample 18 0.97 0.85
Donor B / Sample 19 1.05 0.13
Donor B / Sample 20 1.1 1 0.5
Donor B / Sample 2 1 2.63 0.87
Donor B / Sample 22 1.08 0.69
Donor B / Sample 23 0.98 0.76

0.01590990 0.25013902
Donor B / Sample 24 1.39 1.3675 3 1.06 0.70625 4
Donor B / Sample 25 1.44 0.55
Donor B / Sample 26 1.08 0.42
Donor B / Sample 27 1.6 0.14
Donor B / Sample 28 1.36 0.27
Donor B / Sample 29 2.03 0.63
Donor B / Sample 30 0.84 0.61
Donor B / Sample 3 1 1.15 0.24

0.65142212 0.19268659
Donor B / Sample 32 2.41 1.48875 2 0.72 0.4475 8
Donor C / Sample 33 1.36 0.82
Donor C / Sample 34 2.03 0.79
Donor C / Sample 35 0.84 0.95
Donor C / Sample 36 1.15 0.47
Donor C / Sample 37 2.41 0.87



Donor C / Sample 38 1.36 0.96
Donor C / Sample 39 0.99 0.51

0.471 10989 0.1 1313708
Donor C / Sample 40 2.21 1.54375 3 0.95 0.79 5
Donor C / Sample 4 1 1.19 6.88
Donor C / Sample 42 1.33 5.26
Donor C / Sample 43 1.79 7.3
Donor C / Sample 44 1.46 5.87
Donor C / Sample 45 1.52 5.83
Donor C / Sample 46 2.32 7.43
Donor C / Sample 47 1.77 5.68

0.41719300 1.14551298
Donor C / Sample 48 2.3 1.71 1 4.47 6.09 6

EXAMPLE 7

[0150] In this example, DNA from two different human whole blood donors was purified

using two different DNA binding matrices. The yields of the MaxYield-DNA-IQ™ method

were compared to the yields of the DNA-IQ™ method. The following procedure was used:

[0151] A. Purification of DNA using the DNA-IQ™ method with blood from two donors.

[0152] 1. Prepare four samples, 1-4, each with 8 replicates, in columns 1-4, respectively,

of a deep well 96 plate (available from Promega, item V6771), by adding 5µl

of one of the following binding matrices per well to one of samples 1-4 as

follows: (a) to each of samples 1 and 2 (columns 1 and 2, 8 wells per column),

add MAGAZORB® paramagnetic particles; and (b) to each of samples 3 and

4, add paramagnetic zeolite particles. Each sample contains 8 wells per

column.

[0153] 2 . To each sample, add 400µl per well of freshly made "DX_MA ," which consists

of 4.0M GTC, 5.0M N-methylacetamide, 10% (volume/volume) 1-TG, 0.64%

(weight/volume) CHAPS, 0.64% (volume/volume) TERGITOL™ type NP-9,

and 0.16% (volume/volume) TRITON™ X-100. Mix each sample thoroughly

by repeated pipetting with an eight tip multi-channel manual pipetter for about

2 minutes.

[0154] 3 . Add 150µl of human whole blood from one of the following donors to a

different one of samples 1-4 as follows: (a) to each well of samples 1 and 3,

add blood from donor A; and (b) to each well of samples 2 and 4, add blood

from donor B. Mix each sample by pipetting with an eight tip multi-channel



manual pipetter for about 2 minutes, and then incubate samples for about 10

minutes at about 2 10C.

[0155] 4 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes, specifically, a Deep Well MAGNABOT® 96 Magnetic Separation

Device. Remove the excess fluid, so that only the magnetized particles

remain.

[0156] 5 . Remove the samples from the magnetic rack and wash samples 1-4 with 400µl

per well of a wash solution consisting of 4.0M GTC and 5.0M

methylacetamide. Mix each sample thoroughly by repeated pipetting with an

eight tip multi-channel manual pipetter for about 2 minutes. Next, magnetize

the samples by placing them back on the magnetic rack for an additional 1

minute. Remove the excess fluid, so that only the magnetized particles remain

for each sample.

[0157] 6 . For each sample, repeat the wash procedure of step 5 an additional six times

using the same wash solutions for each sample.

[0158] 7 . Wash each sample with 400µl per well of Promega Wash Solution, using the

wash procedure of step 5, except substituting the respective wash solutions for

Promega Wash Solution.

[0159] 8. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample well for about

20 minutes at about 2 10C, then store the samples at about -2O0C.

[0160] B. Purification of DNA with the MaxYield-DNA-IQ™ method using two blood

donors.

[0161] 1. Prepare four samples, in 4 columns of a deep well 96 well plate, 8 replicate

sample wells per column, by adding 15µl of proteinase K to each well.

[0162] 2 . Add 150µl of human whole blood from one of the following donors to a

different one of samples 1-4 as follows: (a) to each of the 8 wells of samples 1

and 3, add blood from donor A; and (b) to each of the 8 wells of samples 2 and

4, add blood from donor B. 150µl of Promega Lysis Solution (available from

Promega, catalog item MC501) was added per well, for all 32 wells. Mix each



sample by pipetting with an eight tip multi-channel manual pipetter for about 2

minutes, and then incubate each sample for about 10 minutes at about 2 10C.

[0163] 3 . Add 375µl of Promega Binding Buffer to each sample well.

[0164] 4 . Add 5µl of one of the following binding matrices to each well of samples 1-4

(columns 1-4) as follows: (a) to each of the 8 wells of samples 1 and 2, add

MAGAZORB® paramagnetic particles; and (b) to each of the 8 wells of

samples 3 and 4, add paramagnetic zeolite particles. Mix each sample by

pipetting with an eight tip multi-channel manual pipetter for about 2 minutes,

and then incubate each sample for about 10 minutes at about 2 10C.

[0165] 5 . Magnetize the samples by placing them on a magnetic rack for about 2

minutes, specifically, a Deep Well MAGNABOT® 96 Magnetic Separation

Device. Remove the excess fluid, so that only the magnetized particles

remain.

[0166] 6 . Remove the samples from the magnetic rack and wash the samples with 500µl

of Promega Wash Solution per well. Next, magnetize the samples by placing

them back on the magnetic rack for an additional 2 minutes. Remove the

excess fluid, so that only the magnetized particles remain for each sample.

[0167] 7 . Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample well for about

15 minutes at a temperature of about 2 10C.

[0168] 8. Magnetize the samples by placing them back on the magnetic rack for about 1

minute. Remove 20µl from each sample well and store on a clean round

bottom deep 96 well plate at about -2O0C for future use. Remove the samples

from the magnetic rack and then resuspend the particles in each sample using

an eight tip multi-channel manual pipetter.

[0169] 9 . Add freshly made 400µl DX_MA to each of the 8 wells of samples 1 and 2

(columns 1 and 2). Mix each sample thoroughly by repeated pipetting with an

eight tip multi-channel manual pipetter for about 2 minutes, and then incubate

each sample for about 10 minutes at about 2 10C.

[0170] 10. Magnetize the samples by placing them on a magnetic rack for about 1 minute.

Remove the excess fluid, so that only the magnetized particles remain.



[0171] 11. Remove the samples from the magnetic rack and wash each sample well with

500µl of a mixture of 4.0M GTC and 5.0M acetamide. Mix each sample

thoroughly by repeated pipetting with an eight tip multi-channel manual

pipetter for about 2 minutes. Next, magnetize the samples by placing them

back on the magnetic rack for an additional 1 minute. Remove the excess

fluid, so that only the magnetized particles remain for each sample.

[0172] 12. Wash each sample well with 500µl of Promega Wash Solution, using the wash

procedure of step 11, except substituting the GTC-A formulation with

Promega Wash Solution.

[0173] 13. Remove the samples from the magnetic rack and elute the DNA from the

particles by adding lOOµl of nuclease free water to each sample well for about

20 minutes at about 2 10C, then store the samples at about -2O0C.

[0174] 14. After magnetic separation of samples 1-4, using blue/orange 6X loading dye,

load l Oµl per well of each eluted sample of the DNA-containing nuclease free

water from each of the samples into a respective one of forty-eight agarose gel

electrophoresis lanes containing a 15% TBE-urea gel.

[0175] 15. Perform electrophoresis using bromphenol blue dye at 120 volts for about 3

hours or until the bromphenol blue dye reaches the bottom slit of the gel.

Stain for 15 minutes with SYBR™ Gold, and digitally image all of the lanes

using an ALPHA INNOTECH FLUORCHEM™ Imaging System, and, in

particular, the Amersham TYPHOON™ platform with settings of: 1.

ex488/em526. 2 . PMT 450.

[0176] Table 3 shows the results of the DNA yields of samples from Examples 7A and 7B as

performed using PICOGREEN®. The yields of the MaxYield-DNA-IQ™ and DNA-IQ™

methods are represented in the tables below. Both the MaxYield-DNA-IQ™ and DNA-IQ™

methods provide discrete quantities of purified DNA with narrow ranges of concentrations.

Generally, the MaxYield-DNA-IQ™ method showed less variability between samples taken

from different blood donors, as compared to the DNA-IQ™ method.

TABLE 3

MaxYield Average Standard DNA- Average Standard
Donor & Sample # -DNA- Concentratio Deviation IQ™ Concentratio Deviation



IQ™ n (ng/µ l n
(ng/µ l) )

Donor A / Sample 1 0.53 0.05
Donor A / Sample 2 0.50 0.09
Donor A / Sample 3 0.56 0.09
Donor A / Sample 4 0.58 0.06
Donor A / Sample 5 0.51 0.1

Donor A / Sample 6 0.48 0.31
Donor A / Sample 7 0.38 0.29
Donor A / Sample 8 0.35 0.486 0.083 0.36 0.169 0.128
Donor B / Sample 9 0.57 0.07

Donor B / Sample 10 0.43 0.08
Donor B / Sample 11 0.52 0.05
Donor B / Sample 12 0.49 0.04
Donor B / Sample 13 0.41 0.05
Donor B / Sample 14 0.46 0.04
Donor B / Sample 15 0.41 0.04
Donor B / Sample 16 0.55 0.479 0.062 0.05 0.053 0.015
Donor A / Sample 17 0.04 0.03
Donor A / Sample 18 0.16 0.02
Donor A / Sample 19 0.05 0.03
Donor A / Sample 20 0.92 0.02
Donor A / Sample 2 1 0.09 0.05
Donor A / Sample 22 0.22 0.02
Donor A / Sample 23 0.17 0.02
Donor A / Sample 24 0.27 0.241 0.286 0.03 0.028 0.010
Donor B / Sample 25 0.22 0.03
Donor B / Sample 26 0.15 0.03
Donor B / Sample 27 0.07 0.07
Donor B / Sample 28 0.23 0.03
Donor B / Sample 29 0.22 0.05
Donor B / Sample 30 0 .13 0.05
Donor B / Sample 3 1 0.09 0.04
Donor B / Sample 32 0.05 0.145 0.073 0.04 0.043 0.014

[0177] Although this invention has been described in certain specific exemplary

embodiments, many additional modifications and variations would be apparent to those

skilled in the art in light of this disclosure. It is, therefore, to be understood that this

invention may be practiced otherwise than as specifically described. Thus, the exemplary

embodiments of the invention should be considered in all respects to be illustrative and not

restrictive, and the scope of the invention to be determined by any claims supported by this

application, and the equivalents thereof, rather than by the foregoing description.



CLAIMS

What is claimed:

1. A method of purifying a defined quantity of nucleic acid , the nucleic acid being

present in an in vivo cellular environment, the nucleic acid and in vivo cellular

environment being contained in a medium, the method comprising:

(a) combining the medium containing nucleic acid with a definable amount of a

binding matrix capable of reversibly binding nucleic acid, and a first

formulation, the first formulation being sufficient to cause the nucleic acid to

separate from its in vivo cellular environment and to bind to the binding matrix,

under a first set of binding conditions, wherein the amount of nucleic acid bound

to the binding matrix is essentially independent of the amount of surface area of

the definable amount of the binding matrix;

(b) separating the binding matrix with nucleic acid bound thereto from substantially

the rest of the combined medium and formulation;

(c) eluting the nucleic acid from the binding matrix, thereby obtaining nucleic acid

in a substantially purified form;

(d) forming a complex of the binding matrix used in step (a) after the elution of the

matrix in step (c) and the nucleic acid eluted in step (c) (the amount of nucleic

acid being in excess of the binding capacity of the binding matrix), by

combining the binding matrix , a second formulation, and the nucleic acid and

the medium, under a second set of binding conditions, wherein the amount of

nucleic acid bound to the definable amount of binding matrix is essentially

dependent on the amount of surface area of the definable amount of the binding

matrix;

(e) removing the complex formed in step (d) with the nucleic acid bound thereto

from the medium, and

(f) separating the nucleic acid of step (e) from the complex, whereby a defined

quantity of nucleic acid is obtained.

2 . The method of claim 1, wherein the binding matrix comprises one or more materials

selected from the group consisting of paramagnetic cellulose particles, paramagnetic



zeolite particles, paramagnetic silica particles, silica membranes, chemically modified

cellulosic materials comprising vicinal diols, zeolite, and nylon.

3 . The method of any one of the preceding claims, wherein the nucleic acid is genomic

DNA, plasmid DNA, viral DNA, DNA obtained from a DNA amplification reaction,

RNA, viral RNA, RNA obtained from a RNA amplification reaction, or a

combination of one or more of the above.

4 . The method of any one of the preceding claims, wherein the first formulation

comprises one or more materials selected from the group consisting of proteinase K,

1-thioglycerol, lysis solutions, polyethylene glycol, NaCl, 1,2 propane diol, 3-[(3-

cholamidopropyl)dimethylammonio]- 1-propanesulfonate, 26-(4-nony Iphenoxy)-

3,6,9 12.15,18,2 1,2A -octaoxahexaco&an- 1-ol, or 4-(1,1,3 ,3-tetramethylbutyl)phenyl-

polyethylene glycol.

5 . The method of any one of the preceding claims, wherein the first formulation

comprises polyethylene glycol present in an amount of approximately 5% (weight to

volume) to 12% (weight to volume), and NaCl present in a concentration of from

approximately 0.5M to 1.5M.

6 . The method of any one of the preceding claims, wherein the second formulation

comprises guanidine thiocyanate, present in a concentration from approximately 2.6M

to approximately 4.3M, and acetamide, or one or more acetemide derivatives, or the

combination of acetamide and one or more acetamide derivatives, the concentration

of the acetamide, or the one or more acetamide derivatives, or the combination of

acetamide and one or more acetamide derivatives in the formulation being from

approximately 5.0M to approximately 7.0M.

7 . The method of any one of the preceding claims, wherein the second formulation

further comprises one or more materials selected from the group consisting of

proteinase K, 1-thioglycerol, lysis solutions, 3-[(3-

cholamidopropyl)dimethylammonio]- 1-propanesulfonate, 26- 4-nonyIphenoxy )-

3,6.9, 1 ,i 5,18 2 1,24-oetaoxahcxacosan- 1-ol, 4-(1,1,3 ,3-tetramethylbutyl)phenyl-



polyethylene glycol, guanidine thiocyanate, acetamide, N-methylacetamide and N ,N-

dimethy lacetamide .

8. The method of any one of the preceding claims, wherein a portion of the nucleic acid

eluted in step (c) is removed prior to continuing with step (d).

9 . A kit comprising a binding matrix, a first formulation providing binding conditions

wherein the amount of nucleic acid bound to the binding matrix is essentially

independent of the amount of surface area of the definable amount of the binding

matrix, and a second formulation providing binding conditions wherein the amount of

nucleic acid bound to the definable amount of binding matrix is essentially dependent

on the amount of surface area of the definable amount of the binding matrix.

10. The kit of claim 9, wherein the binding matrix comprises one or more materials

selected from the group consisting of paramagnetic cellulose particles, paramagnetic

zeolite particles, paramagnetic silica particles, silica membranes, chemically modified

cellulosic materials comprising vicinal diols, zeolite, and nylon.

11. The kit of claim 10, wherein the first formulation comprises one or more materials

selected from the group consisting of proteinase K, 1-thioglycerol, lysis solutions,

polyethylene glycol, NaCl, 1,2 propane diol, 3-[(3-

cholamidopropyl)dimethylammonio]- 1-propanesulfonate, 26-(4 -iionylphenoxy

3,6,9, 12,15,18,21 ,24-octaoxahexaco:>an~1 -ol, 4-(l ,1,3,3-tetramethylbutyl)phenyl-

polyethylene glycol, and guanidine thiocyanate., and the second formulation

comprises one or more materials selected from the group consisting of guanidine

thiocyanate, acetamide, N-methylacetamide and N,N-dimethylacetamide.
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