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Description

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

[0001] The present invention relates to an apparatus, media, and method for DNA evaluation.

BACKGROUND ART

[0002] Genotyping is the discipline of identifying an individual’s genome in relation to disease specific alleles and/or
mutations that occur as an effect of parental linkage. The rapid purification of human genomic DNA is an essential part
of a genotyping process; the genomic DNA of an individual being the structural unit for the entire DNA sequence of every
allele expressed.
[0003] Human genomic DNA cannot be directly sequenced. In order to carry out sequence analysis on regions of the
chromosomes that may contain portions of mutation or disease specific sequences, selected portions are amplified via
PCR and the amplified products are sequenced. The selected portions of the chromosomes that are amplified are dictated
by the specific sequence of the primers used in the PCR amplification. The primer sets that are used in genotyping
studies are commercially available and are representative for the chromosome under examination. If linkage studies
identify that a disease bearing sequence is on a particular chromosome, then many primer sets will be utilized across
that chromosome in order to obtain genetic material for sequencing. The resultant PCR products may well represent
the entire chromosome under examination. Due to the large length of chromosomes, many PCR reactions are carried
out on the genomic DNA template from a single patient.
[0004] Human genomic DNA is purified by a variety of methods (Molecular Cloning, Sambrook et al. (1989)). Conse-
quently, many commercial kit manufacturers provide products for such techniques, for example: AmpReady™ (Promega,
Madison, Wisconsin), DNeasy™ (Qiagen, Valencia, California), and Split Second™ (Roche Molecular Biochemicals,
Indianapolis, Indiana). These products rely on the use of specialized matrices or buffer systems for the rapid isolation
of the genomic DNA molecule.
[0005] More recently, microporous filter-based techniques have surfaced as tools for the purification of genomic DNA
as well as a whole multitude of nucleic acids. The advantage of filter-based matrices are that they can be fashioned into
many formats that include tubes, spin tubes, sheets, and microwell plates. Microporous filter membranes as purification
support matrices have other advantages within the art. They provide a compact, easy to manipulate system allowing for
the capture of the desired molecule and the removal of unwanted components in a fluid phase at higher throughput and
faster processing times than possible with column chromatography. This is due to the fast diffusion rates possible on
filter membranes.
[0006] Nucleic acids transferred onto membranes by Southern transfer and then baked thereon can be detected using
enzyme-conjugated polyethyleneimine which acts as a labelled probe (Matsuhisa A et al. (1994) J. Biochem; 116(3):
478-81).
[0007] Nucleic acid molecules have been captured on filter membranes, generally either through simple adsorption
or through a chemical reaction between complementary reactive groups present on the filter membrane or on a filter-
bound Ligand resulting in the formation of a covalent bond between the ligand and the desired nucleic acid.
[0008] Porous filter membrane materials used for non-covalent nucleic acid immobilization have included materials
such as nylon, nitrocellulose, hydrophobic polyvinylidinefluoride (PVDF), and glass microfiber. A number of methods
and reagents have also been developed to also allow the direct coupling of nucleic acids onto solid supports, such as
oligonucleotides and primers (eg. J. M. Coull et al., Tetrahedron Lett. Vol. 27, page 3991; B. A. Conolly, Nucleic Acids
Res., vol. 15, page 3131, 1987; B. A. Conolly and P. Rider, Nucleic Acids Res., vol. 12, page 4485, 1985; Yang et al
P.N.A.S. Vol.95: 5462-5467). UV cross-linking of DNA (Church et al., PNAS, vol. 81, page 1991, 1984), The Generation
Capture Column Kit (Gentra Systems, Minneapolis, MN) and RNA (Khandjian, et al., Anal. Biochem, Vol. 159, pages
227, 1986) to nylon membranes have also been reported.
[0009] Many chemical methods have been utilized for the immobilization of molecules such as nucleic acids on filter
membranes. For example, activated paper (TransBind.TM, Schleicher & Schuell Ltd., Keene, N.H.) carbodimidazole-
activated hydrogel-coated PVDF membrane (Immobilin-IAV.TM, Millipore Corp., Bedford, Mass.), MAP paper (Amer-
sham, Littlechalfont Bucks, Wisconsin), activated nylon (BioDyne. TM, Pall Corp., (Glen Cove, N.Y.), DVS- and cyanogen
bromide-activated nitrocellulose. Membranes bound with specific ligands are also known such as the SAM2TM Biotin
Capture Membrane (Promega) which binds biotinylated molecules based on their affinity to streptavidin or MAC affinity
membrane system (protein A/G) (Amicon, Bedford, Massachusetts). Some of the disadvantages of covalent attachment
of biomolecules onto activated membranes are:
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a) Molecule immobilization is often slow requiring 20-180 minutes for reaction completion.
b) High ligand and biomolecule concentration is needed for fast immobilization.
c) Constant agitation is needed during the immobilization process that may result in biomolecule denaturation and
deactivation.
d) Once the immobilization process is complete, often a blocking (capping) step is required to remove residual
covalent binding capacity.
e) Covalently bound molecules can not be retrieved from the filter membrane.

[0010] There is a need in various specific areas, such as forensics, for a nucleic acid immobilization media and
procedure that exhibits the high specificity of covalent immobilization onto the filter membrane without the use of harsh
chemical reactions and long incubation times, which can also be used at crime scenes, with blood sample archiving and
other related uses. In particular there is a need for the capture and separation of nucleic acids from a mixture in a fluid
phase onto a filter membrane matrix in forensics. Of special interest is the ability to store or archive the bound nucleic
acids on the filter membrane matrix for such uses.
[0011] More recently, glass microfiber, has been shown to specifically bind nucleic acids from a variety of nucleic acid
containing sources very effectively (for example see: Itoh et al (1997) Simple and rapid preparation of plasmid template
by filtration method using microtiter filter plates. NAR, vol. 25, No. 6: 1315-1316; Andersson, B. et al (1996) Method for
96-well M13 DNA template preparations for large-scale sequencing. BioTechniques vol. 20: 1022-1027). Under the
correct salt and buffering conditions, nucleic acids will bind to glass or silica with high specificity.
[0012] Based on United States Patents 5,496, 562, 5,756,126, and 5,807,527, it has been demonstrated that nucleic
acids or genetic material can be immobilized to a cellulosic-based dry solid support or filter (FTA filter). The solid support
described is conditioned with a chemical composition that is capable of carrying out several functions: (i) lyse intact
cellular material upon contact, releasing genetic material, (ii) enable and allow for the conditions that facilitate genetic
material immobilization to the solid support (probably by a combination of mechanical and chaotrophic), (iii) maintain
the immobilized genetic material in a stable state without damage due to degradation, endonuclease activity, UV inter-
ference, and microbial attack, and (iv) maintain the genetic material as a support-bound molecule that is not removed
from the solid support during any down stream processing (as demonstrated by Del Rio et al (1995) BioTechniques.
Vol. 20: 970-974).
[0013] The usefulness of the so called FTA cellulosic filter material described in US patents 5,496, 562, 5,756,126,
and 5,807,527 has been illustrated for several nucleic acid techniques such as bacterial ribotyping (Rogers, C & Burgoyne,
L (1997) Anal. Biochem. Vol. 247: 223-227), detection of single base differences in viral and human DNA (Ibrahim et al
(1998) Anal. Chem. Vol. 70: 2013-2017), DNA databasing (Ledray et al (1997) J. Emergency Nursing. Vol.23, No. 2:
156-158), automated processing for STR electrophoresis (Belgrader, B & Marino, M (1996) L.R.A. vol.9: 3-7, Belgrader
et al (1995) BioTechniques. Vol. 19, No. 3: 427-432), and oligonucleotide ligation assay for diagnostics (Baron et al
(1996) Nature Biotech. Vol 14: 1279-1282).
[0014] It has been shown that nucleic acid or genetic material applied to, and immobilized to, FTA filters cannot be
simply removed, or eluted from the solid support once bound (Del Rio et al (1995) BioTechniques. Vol. 20: 970-974).
This is a major disadvantage for applications where several downstream processes are required from the same sample,
such a STR profiling and genotyping.
[0015] Currently, cellular material is applied to FTA filter media, and generally the cellular material, once applied forms
a spot on the FTA filter. From this spot, small punches can be taken; each small punch will have immobilized to it enough
nucleic acid or genetic material to facilitate a single downstream process such as a PCR reaction. As the two primers
administered to a PCR reaction are presented in solution, it is of no consequence that the cellular nucleic acid template
is immobilized to the fitter. All amplicon will be formed in solution. Amplicon can then be readily removed from the reaction
by aspirating the liquid phase away from the FTA solid filter punch. Therefore, for multiple processing from a single
sample, many punches have to be taken. Multiple punching is very time consuming, and as yet, has not lent itself to
simplified automation.
[0016] It is much more desirable to provide nucleic acid as a soluble fraction from which aliquots can be readily
dispensed to as many reactions as required. Automated liquid handling of this type is a fundamental technique within
the pharmaceutical and other industries (for example see: Armstrong et al (1998) J. Biomolecular Screening. Vol. 3, No.
4:271-275).
[0017] It is desirable to adapt the present technology and modify it for specific use in the forensic art. Additionally, it
would be advantageous to be able to rapidly qualify and quantify nucleic acid on media, either in correlation with such
uses, or independent thereof.

Summary of the Invention

[0018] According to the present invention there is provided a kit for purifying nucleic acid comprising: (i) a substrate
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for lysing cells and purifying nucleic acid comprising a solid matrix comprising nitrocellulose, the solid matrix being coated
with a chemical coating comprising a weak base, a chelating agent, and an anionic surfactant or detergent which facilitates
cellular lysis; and (ii) an indicator means for indicating the presence of nucleic acid, wherein the indicator means is a
polyethyleneimine conjugate or an enzyme-linked immunosorbant assay (ELISA) using antibodies to human DNA.
[0019] In a further aspect, there is provide a method of purifying nucleic acid comprising the steps of: (i) applying a
sample comprising nucleic acid to a substrate comprising a solid matrix comprising nitrocellulose, the solid matrix being
coated with a chemical coating comprising a weak base, a chelating agent, and an anionic surfactant or detergent which
facilitates cellular lysis; (ii) capturing the nucleic acid within the substrate; (iii) optionally, fixing the nucleic acid to the
substrate; (iv) applying an indicator means for indicating the presence of nucleic acid; (v) generating a signal to indicate
the presence of the nucleic acid, wherein the signal is generated by a polyethyleneimine conjugate, an enzyme-linked
immunosorbant assay (ELISA) using antibodies to human DNA.
[0020] In a further aspect, there is provide a blood card for labelling blood transfusion bags comprising the kit described
above and integrity maintenance means.

Brief Description of the Drawings

[0021] Other advantages of the present invention will be readily appreciated as the same becomes better understood
by reference to the following detailed description when considered in connection with the accompanying drawings
wherein:

Figure 1 is a cross-sectional view of a filter membrane made in accordance with the present invention; and

Figure 2 is a cross-section of a device made in accordance with the present invention.

Figure 3 is a photograph showing the color intensity of the soluble product developed on the DNA samples loaded
on the FTA-membrane by polyethyleneimide-peroxidase conjugate assay; and

Figure 4 is a photograph showing the color intensity of the insoluble product developed on the DNA samples loading
on the FTA-membrane by polyethyleneimide-peroxidase conjugate assay.

Description of the Invention

[0022] The matrix may be used for immobilizing a genetic material thereon and allowing subsequent elution of the
genetic material therefrom. A coating as defined above is functionally associated with the matrix for enabling cellular
lysis and releasing the genetic material from the lysed cells white stabilizing the immobilized released genetic material.
The present invention is well suited for various novel uses of the technology. More specifically, the present invention
provides a product able to (1) identify the presence of nucleic acid on a substrate and do so rapidly; (2) maintain the
integrity of the substrate; and (3) be used in novel embodiments which take advantage of these improvements.
[0023] The chemical composition of the substrate facilitates the lysis of whole cells and the subsequent capture of the
released nucleic acids. The chemical composition further aids in their long term storage. The composition of the substrate
is such that the rapid purification of the captured nucleic acid can be carried out. That is, the substrate itself allows for
the release of nucleic acid by an elution step thereby providing a soluble nucleic acid fraction. As discussed in more
detail below and exemplified in the following examples, the present invention is most efficient with regard to elution of
total DNA from the sample. However, nucleic acid and nucleic acid populations can be specifically eluted.
[0024] The substrate, when processed in accordance with the invention to provide a nucleic acid eluting filter material
provides a number of advantages and applications. Thus, use of the substrate of the present invention provides advan-
tages of identification and quantification of nucleic acid-containing biological fluids as well as multiple processing of fluids.
[0025] The present invention, generally shown at 10 in Figure 1, includes the following components:

(i) a suitable matrix, preferably a filter membrane 12;

(ii) a chemical coating 14; and

(iii) an integrity maintenance provider.

Reaction of the filter membrane with the chemical coating solution produces the filter membrane of the invention. If the
membrane is fibrous, this coating is a coating of the filter fibers, not the fitter surface. Alternatively, the coating can
impregnate the fibers.
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[0026] Preferably, the matrix of the present invention is a nitrocellulose or nylon filter membrane. The matrix comprises
nitrocellulose.
[0027] The media used for the fitter membrane of the invention does not inhibit the sorption of the chemical coating
solution and which does not inhibit the storage, elution and subsequent analysis of nucleic acid-containing material
added to it. This includes flat dry matrices or a matrix combined with a binder. It is preferred that the filter membrane of
the invention be of a porous nature to facilitate immobilization of nucleic acid. Unlike prior art supports, the support of
the present invention allows for elution of the genetic material therefrom in a state that allows for subsequent analysis.
Unexpectedly, such elution is a time efficient step thereby providing for almost immediate analysis.
[0028] The term "chemical coating solution" as used herein means a chemical composition that is able to sorb to the
aforementioned filter membrane. The composition of the chemical coating solution is as described and relates to that
outlined in US patents 5,756,126, 5,807,527, and 5,496,562. Adsorption of the chemical coating solution to the selected
filter membrane results in the formation of the filter membrane of the invention.
[0029] The chemical solution includes a weak base, a chelating agent, and an anionic surfactant or detergent, and
optionally uric acid and urate salt as discussed in detail in the above-cited United States Patent 5,807,527. More preferably,
the weak base can be a Tris, trishydroxymethyl methane, either as a free base or as the carbonate, and the chelating
agent can be EDTA, and the anionic detergent can be sodium dodecyl sulfate. Other coatings having similar function
can also be utilized in accordance with the present invention.
[0030] The anionic detergent can be selected from the group including sodium dodecyl sulfate (SDS). SDS can be
obtained in various forms, such as the C12 form and the lauryl sulfate. Other anionic detergents can be used, such as
alky aryl sulphonates, sodium tetradecylsulphate long chain (fatty) alcohol sulphates, sodium 2-ethylhexysulphate olefine
sulphates, sulphosuccinates or phospate esters. The anionic detergent, such as the SDS, can be applied to the filter
matrix at varying concentrations.
[0031] Generally, 5%-10% SDS can be used in accordance with the present invention. For example, increased con-
centrations of SDS, up to 10%, which cannot be accommodated within an FTA cocktail, as set forth in the prior art patents
discussed above, provided greater critical micelle concentration which generates greater lysing capability and thus
greater yield of target nucleic acid, as demonstrated in the example section set forth below. A definite optimum SDS
concentration is achieved in the 5 - 7.5% SDS concentration range for coating particular glass microfiber in order to
enrich for and purify different plasmid populations directly from liquid cultures in a multi-well format, such formats being
well known in the art.
[0032] The term "functionally associated with" means that the coating is disposed, sorbed, or otherwise associated
with the support of the present invention such that the support and coating function together to immobilize nucleic acid
thereon through an action of cellular lysis of cells presented to the support. That is, the coating can be adsorbed,
absorbed, coated over, or otherwise disposed in functional relationship with the media. For example, the support, in the
form of a filter membrane, can be disposed in a solution containing the chemical solution. As stated above, the support
of the present invention is preferably a porous filter media and can be in the form of a flat, dry media. The media can
be combined with a binder, examples of binders well-known in the art being polyvinylacrylamide, polyvinylacrylate,
polyvinylalcohol, gelatin, for example.
[0033] The matrix of the present invention can be capable of releasing the genetic material immobilized thereto by a
heat elution. Preferably, such a heat elution is accomplished by the exposure of the support having the genetic material
stored thereon to heated water, the water being nuclease free. This capacity to allow for elution characterizes the various
support materials of the present invention.
[0034] The filter membrane of the invention is such that at any point during a storage regime, it allows for the rapid
purification of immobilized nucleic acid. The invention is such that immobilized nucleic acid is collected in the form of a
soluble fraction following a simplified elution process, during which immobilized nucleic acid is released from the filter
membrane of the invention. The filter membrane of the invention yields nucleic acid of sufficient quality that it does not
impair downstream analyses such as polymerase chain reaction (PCR), ligase chain reaction (LCR), transcription me-
diated amplification (TMA), reverse transcriptase initiated PCR, DNA or RNA hybridization techniques, sequencing, and
the like.
[0035] Nucleic acid immobilization to a solid support, although a suitable template for singular PCR reactions, cannot
be measured or detected by traditional techniques such as optical density or fluorescence. Nucleic acid must be in
solution for these techniques. Other post-purification techniques wherein nucleic acid is desired in the soluble form
includes cloning, hybridization protection assay, bacterial transformation, mammalian transfection, transcription-medi-
ated amplification, and other such methods. The present invention provides nucleic acid in such a soluble form. Addi-
tionally, the signal generated by the indicator of the present invention provides positive identification of the presence of
nucleic acid on the substrate.
[0036] The source of the nucleic acid can be a biological sample containing whole cells. The whole cell can be, but
not restricted to, blood, bacterial culture, bacterial colonies, saliva, urine, drinking water, plasma, stool samples, and
sputum. The samples can be collected by various means known in the art, transported to the substrate, and then applied
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thereto. Alternatively, the substrate can be in the form of a sampling device, such as a swab, sheet material, ball, or the
like and the sample can be obtained directly from the source. In other words, the substrate can be in the form of a device
which can swipe or otherwise obtain the cell sample from a source. The source can be a sample tube containing a liquid
sample, an organ, such as a mouth, ear, or other part of a human or animal, a sample pool, such as a blood sample at
a crime scene or the like, or other various sources of cells known in the scientific, forensic, and other arts.
[0037] Additionally, the fibrous filter matrix of the present invention can be manufactured in various forms. For example,
the fibrous filter matrix can be manufactured in a sheet form, which allows for it to be in various formats such as multi-
well plates, spin tubes, slides, cartridges, swabs, and pads.
[0038] The term "integrity maintainer" or "integrity maintenance means" as used herein means a sealable member
that prevents degradation and/or loss of the matrix. Preferably, the integrity maintainer of the present invention creates
an air tight seal thus preventing air, bacteria or other contaminants from coming into contact with the matrix and purified
nucleic acid. The integrity maintainer can be in the form of a plastic bag, with or without a seal, cellophane, a sealable
container, parafilm and the like.
[0039] The integrity maintainer can open to allow application of a sample onto the matrix. It is then closed and sealed
thereby containing the substrates. Accordingly, if the substrate ages and becomes brittle, it is contained and not lost.
Alternatively, the integrity maintainer can be applied over the substrate after the sample is applied.
[0040] The present invention provides a method for isolating and archiving nucleic acid by the general steps of applying
a nucleic acid sample to a substrate consisting of the coating fixed to the matrix, the substrate physically capturing the
nucleic acid, and then bonding the nucleic acid to the substrate. Then a signal is generated when the nucleic acid bonds
to the substrate. The bonding step is achieved by heating the substrate having nucleic acid applied thereto, by the
method discussed above.
[0041] The applying step can be achieved by applying whole cells to the substrate. The substrate itself actually induces
the lysing of the cells thereby releasing the nucleic acid into the substrate. By being a porous substrate, the substrate
presents a vast surface area upon which the nucleic acid is bound.
[0042] A washing step, such as with various buffers set forth in the example section, but not limited thereto, can be
achieved and is done after cell lysis. The substrate then physically captures the nucleic acid within the intrastaces thereof.
[0043] The bound nucleic acid can be released from the substrate for further processing and analysis. The release is
achieved by washing steps at elevated temperature, as demonstrated in the examples below. Unexpectedly, enrichment
for different populations of nucleic acid from the same cell source can be achieved using incremental temperature
regimes. For example, plasma DNA can be isolated and enriched from bacterial colonies using the substrate of the
present invention. Populations, such as larger populations of supercoiled plasmid, followed by nicked plasmid and finally
by linear plasmid migrating to the top of the isolating gel can be achieved utilizing incremental increases in incubation
temperature.
[0044] It is known that the FTA coating cocktail of the prior art contains 2% SDS. It is unlikely that this percentage can
be increased due to saturation points when in conjunction with other components of the cocktail. This limits the lysing
capability of the FTA coating filters of the prior art as a critical micelle concentration of SDS can be easily reached when
presented with large numbers of cells, such as with a bacterial colony. Therefore, substrates containing a greater
concentration of the lytic agent, the anionic detergent, enable greater lysing capability and in turn, greater nucleic acid
recoveries. This is demonstrated in the examples set forth below.
[0045] The filter membrane of the invention can possess the same chemical component as FTA that enables the
action of cellular lysis and nucleic acid release upon sample application. The chemical component ensures nucleic acid
stability via protein denaturants, a free radical trap, and viral / microbial inhibitors. The difference between prior art FTA
solid supports and the filter membrane of the invention is that the base solid support, or filter, has been changed compared
to that described for FTA products. This change in solid support material, or filter, has enabled, upon a simplified heat
elution step, bound nucleic acid to be removed from the filter membrane of the invention whereas it cannot be removed
from FTA solid support (see Del Rio et al (1995) BioTechniques. Vol. 20: 970-974). The nucleic acid released from the
filter membrane of the invention is thus presented as a soluble fraction that can be readily aliquoted to multiple downstream
processes such as PCR amplification. The eluted soluble nucleic acid can also be entered into techniques where soluble
nucleic acid is a necessity such as optical density analysis, fluorescence detection, cloning, transformation, and the like.
This added technique of elution enables high throughput multiple processing regimes, such as genotyping.
[0046] The present invention can find utility in many areas of genomics. For example, the present invention provides
the capability to elute bound genetic material for the rapid purification of the genetic material to be utilized in any number
of forensic applications, such as identification, paternity/maternity identification, and at the scene of a crime.
[0047] Prisoners from many countries are required to give a genetic sample (blood or buccal sample) for DNA finger-
printing purposes. The use of the present invention provides a means for the long term storage of prisoner genetic
material. If necessary, the genetic material can be tested as soon as it is taken or many years after storage. The genetic
material can be obtained as either a soluble or solid phase fraction once isolated on the filter media of the present invention.
[0048] The present invention can be utilized for paternity/maternity identification having a particular use for a mother
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or hospital wherein a newborn has been mislaid in the hospital. The rapid ability of the present invention to provide for
a purified genetic sample provides even greater utility in such instances where a speedy identification of a mislaid child
would be most propitious.
[0049] The present invention is a significant contribution to current methodology for the preparation of soluble genetic
material which are otherwise time consuming and often result in inadequate template that is damaged or contaminated.
The present invention provides high yield of purified genetic material of superior quality in less than twenty minutes of
laboratory time. The rapidly purified genetic material can be utilized for any number of food/agricultural applications such
as tracing, breeding, identification, and cloning.
[0050] The efficiency with which food manufacturers detect pathogenic outbreak in both their livestock and finished
product is the measure of a successful company. The use of the present invention as a swab that can be simply pressed
against food or the use of a card onto which carcass blood can be spotted enables uses of the present invention to
rapidly isolate and detect for the presence of pathogenic genetic material. Time consuming prior art assay techniques
and involved nucleic acid preparations do not need to be performed if the present invention is utilized. Collected pathogenic
nucleic acid can be used as a soluble fraction or solid phase fraction with the choice of an elution step.
[0051] Tracing carcass material, whether for legal or health issues, enables manufacturers to keep control of their
products. At the point of kill in a slaughter house, a card utilizing the present invention can be attached to the carcass
onto which its blood has been spotted. At the same time, a second card can be spotted with the same blood and kept
as an archive at the slaughter house. If an identification issue arises for a certain carcass, genetic records on both the
carcass and the slaughterhouse can be utilized. If the carcass card is inadvertently removed, identification can still be
carried out by simply pressing a carcass flesh onto such a card.
[0052] Identifying the desired genes and characteristics that are required for a subsequent generation of a plant or
animal requires the time effective and reliable generation of nucleic acid from potential parents. The present invention
can be used for the isolation of either soluble or solid phase genetic material to provide effective and reliable results in
such a need. Likewise, the present invention, in the form of microplates, a tube or a chip, can be used for the generation
and detection of genetic material. The present invention provides methodology for superior template preparation time
(whether soluble or solid) and cost effective archiving.
[0053] Pressing a media, in the form of a swab or otherwise, enables the user to pick up any contaminated microbes
on food products of any type. Genetic material isolated from the media can then be utilized for any manner of diagnostic
procedure depending on whether soluble or solid phase genetic material is required. This analysis can be done almost
effectively immediately, as opposed to prior art techniques.
[0054] By the use of genetic manipulation techniques, food stuff has been produced with increased size, flavor, ripening,
and sugar content. Many countries prohibit the sale of genetically modified food products and therefore require testing
to be carried out. Since one is looking for specific genes that generate these characteristics, genetic material is required.
The present invention can be used to provide rapid purification of both soluble and solid phase genetic material.
[0055] In view of the above, the present invention finds utility in various areas of genomics.
[0056] Initial experiments were performed to demonstrate the possibility of utilizing FTA-coated materials such as
membranes for the quantitation and detection of DNA. First experiments illustrated that whole cells can be deposited
onto FTA-coated membrane such as cellulose nitrate, with cell lysis and nucleic acid binding readily carried out on
contact. Immobilized DNA can be detected (and quantified) by the use of a specific and non-specific DNA probe or other
signal generators and one of the versions of immunoassay.
[0057] The use of an FTA coated substrate onto which suspected leukodepleted blood is spotted. The nucleic acid
component of the sample is affixed to the substrate and is available for direct measurement with a probe such as PEI.
If detection is below a set lower limit then the sample is deemed leukodepleted. Such a system offers great timesaving
for blood banks that currently use microscopy for characterizing depletion efficiencies. With a trend more towards leu-
kodepletion of blood at the source rather than bedside, a simple detection methodology is very useful.
[0058] There are many liquids in several industries that should not have any biocontamination at point of sale. Also
liquids are monitored for increase in biocontamination over time. Liquids may also include biological samples where the
presence of microbes may illustrate disease or infection. A sample of a liquid would be added to an FTA coated substrate,
cells within the sample, including unwanted bioload, will lyse on contact with nucleic acid fixing instantly. Direct detection
with either a general DNA probe, to show the presence of cellular contamination, can be used, or a species specific
probe can be employed, and by hybridization identify the presence of unwanted cells from a multicellular sample. This
type of system can be utilized in the food industry, with liquids including milk, wine, beer, and juices. In medicine, urine,
blood, and stool extract can all be applied to the system with direct detection of the immobilized nucleic acid carried out
with species-specific probes. In the environmental industry drinking water, seawater, and river water can find utility within
the proposed system.
[0059] A disease such as lupus is characterized by the presence of double stranded DNA in the bloodstream. A sufferer
of lupus will therefore have in their system antibodies that will have been raised to the presence of the dsDNA antigen.
Human dsDNA spotted and fixed to FTA coated membrane can therefore be utilized as a platform for carrying out direct
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ELISA if the applied sample contains the lupus antibodies. Lengthy immobilization steps in order to carry out "traditional"
ELISA are negated with an FTA approach.
[0060] A detailed description of the FTA-coated material and methods of using the media is set forth in the Examples
and accompanying figures included herewith.

EXAMPLES

Example 1:

[0061] Human white blood cells and purified DNA were used as samples to load onto pieces of FTA-treated membrane
for an ELISA assay based on the ionic interaction between polyethyleneimine-peroxidase conjugate (PEI-PO) and DNA.
[0062] The goal of the experiment was to confirm that DNA could be attached to the FTA membrane for subsequent
detection and to confirm that DNA could be released from the cell and attached to a membrane firmly enough for following
detection.

MATERIALS AND PROTOCOL

[0063] Four membranes were utilized. The membranes are as follows: 1. Nitrocellulose membrane, pore size 0.2 Pm,
Schleicher & Schull; 2. Nylon membrane, pore size 0.2 Pm, Osmonics; 3. Nylon membrane, pore size 1.2 Pm, Osmonics;
and 4. FTA-glass, grade F572-08. Whatman (used for comparison).
[0064] The membranes were soaked with the FTA solution for two hours at room temperature with gentle agitation,
dried completely at room temperature, and baked at 80°C for one hour.
[0065] DNA samples of WBC at 5x103 cell/Pl, WBC, 5 cells/Pl, and DNA, 2Pg/Pl were used.

Protocol:

[0066] All assay steps were performed in one 96 well plate. The circles of each membrane, 0.5 mm in diameter, were
put on the bottom of the wells. DNA samples of 3 Pl per well were loaded, in duplicate. Then the plate was subsequently
blocked with PBS/BSA/Tween 20 solution, incubated with a Polyethyleneimine-Peroxidaze conjugate, washed with
PBS/BSA/Tween 20 solution, and finally incubated with different substrates for Peroxidase to develop colored soluble
or insoluble products.

RESULTS:

[0067] DNA positive and DNA-negative samples developed different color intensities on the FTA-nylon, and FTA-
nitrcellulose membranes, both having a pore size of 0.2 Pm, when the result of the enzyme reaction was soluble products
(table 1, picture 1).
[0068] DNA positive and DNA-negative samples only developed different color intensity on FTA-nitrocellulose mem-
brane, with a pore size of 0.2 Pm, when the result of the enzyme reaction was insoluble product (table 2, picture 2).

Advantages Or Unexpected Features

[0069] DNA can be loaded on the FTA or SDS treated membrane for later use in an ELISA determination. Additionally,
DNA can be released from WBA on FTA treated membrane (0.2 Pm pore size) for subsequent analytical determinations.
[0070] Physical and chemical properties of the FTA-treated - membrane (such as pore size or membrane composition)
are critical for their application for DNA evaluation. For example, FTA-nylon membrane, 0.2 Pm pore size, showed the
best results for measuring a differing amount of DNA and discriminating the DNA-positive and DNA-negative samples.

Color Intensity Developed On The Samples Loaded On The FTA Materials By PEI-PO Assay With The Soluble 
Product Of PO, Reading at 490 nm, January 13, 2000 test

[0071]

A B C D
5x103WBC/Pl 5x10 WBC/Pl 2Pg/Pl DNA 0-control

I Comparative 0.2 Pm nylon 1.131 0.58 over reading 0.511
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Visual Estimation of the Color Development On The Samples Loaded On FTA-Materials By PEI-PO Assay With 
The Insoluble Product of PO. January 13, 2000, Test

0.2 Pm Nylon (Comparative)

[0072] A dark brown ring developed in the middle of the membrane when treated with 5x103 WBC/Pl. A light brown
background with no ring developed when adding 5x10 WBC/Pl. When 2 Pg/Pl DNA was added the 2 Pm Nylon developed
a dark brown background. Finally, a light brown background developed in the control situation.

1.2 Pm Nylon (Comparative)

[0073] For all of the above concentrations, the background of all pieces is the same dark brown. There is no difference
in the color of the DNA-positive membranes and the control one.

FTA-glass (Comparative)

[0074] As with the 1.2 Pm nylon material, the background of all pieces is the same dark brown. There is no difference
in the color of the DNA-positive membranes and the control one.

0.2 Pm nitrocellulose

[0075] With the addition of 5x103 WBC/Pl a dark brown ring developed in the middle of the membrane with a very
light background A very light brown ring in the middle of the membrane developed when 5x10 WBC/Pl was added. A
dark brown background developed when 2 Pl/Pl DNA was added. A very light brown background developed in the control
situation.

EXAMPLE 2:

FTA CELLULOSE NITRATE MEMBRANE APPLICATION FOR DNA DETERMINATION

Membranes

[0076] Whatman Cellulose Nitrate Membranes having pore sizes of 0.1, 0.2. 0, 45, and 0.8 Pm were used for the
following experiments. The Membranes were soaked with the FTA solution for one hour at 80°C with gentle agitation,
dried completely at room temperature, and baked at 80°C for one hour.

DNA Samples

[0077] Three DNA samples were used for the following experiments. These samples include the following: 1. Single-
stranded DNA, 1Pg/Pl; 2. Single-stranded DNA, 0.2Pg/Pl; and 3. DNA-negative sample - PBS with 3% BSA solution.

Protocol

[0078] 2Pl of the single stranded DNA solutions having a DNA concentration of 1 Pg/Pl and 0.2 Pg/Pl were fixed on
the pieces of the membrane in a 96 well plate. The plate was blocked with PBS-BSA-Tween-20 buffer solution, incubated

(continued)

A B C D
5x103WBC/Pl 5x10 WBC/Pl 2Pg/Pl DNA 0-control

II Comparative 1.2 Pm nylon 2.279. 1.445 1.92 2.408

III Comparative FTA-glass over reading over reading over reading over reading

IV 0.2 Pm nitrocellulose 1.034 0.506 2.208 0.327

Over reading occurs when an optical density of the sample is more than 3.000. A 3 Pl sample was
loaded into each well.
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with a polyethyleneimine-peroxidate (PEI-PO) conjugate and washed three times before incubation with substrate so-
lutions.
[0079] DNA attached to the FTA membrane, in one set of the wells, was visualized directly on the membrane when
the insoluble product of PO was developed subsequent to incubation with 3,3’-dianisidine. A duplicate set of the wells
was incubated with 1,2-ortophenylenediamine dihydrochloride (OPD) and color development in supernatant was esti-
mated at 490 nm.

Results

[0080] The color intensity that was developed on the FTA membrane directly correlates with the amount of DNA loaded
per well. The best resolution between DNA-positive samples with different DNA concentration and DNA-negative samples
was achieved on the membrane with 0.8 Pm pore size, the reading at 490 Pm was: DNA negative wells, 0.204; 0.2 Pg
DNA/well, 1.070; 1 Pg DNA/well, 1.776.
[0081] When the insoluble PO product indicated the amount of DNA, the most distinct differences between DNA-
positive samples with different DNA concentration and DNA-negative samples was achieved on the membrane with 0.1
Pm pore size.

EXAMPLE 3:

FTA NYLON AND NITROCELLULOSE MEMBRANE APPLICATION FOR WBA DETERMINATION

Membranes

[0082] Four membranes were used for the following experiment. These membranes are as follows: Nitrocellulose
membrane, pore size 0.2 Pm, Schleicher & Schull; Nylon membrane, pore size 0.2 Pm, Osmonics; Nylon membrane,
pore size 1.2 Pm, Osmonics; and FTA-glass, grade F572-08, Whatman (used for comparison).
[0083] The Membranes were soaked with the FTA solution for two hours at room temperature with gentle agitation,
dried completely at room temperature, and baked at 80°C for one hour.

WBC Samples

[0084] Samples of various concentrations were used in the experiment. These concentrations include: WBC, 5x103

cell/Pl; WBC, 5 cell/Pl; DNA-positive control, 2 Pg/Pl single stranded DNA in water, and WBC-negative control, 3% BSA
in PBS.

Protocol

[0085] All assay steps were performed in one 96 well plate. The circles of each membrane, 0.5 mm in diameter, were
put on the bottom of each well. WBC samples of 3 Pl were loaded in each well, in duplicate. Then the plate was
subsequently blocked with PBS/BSA/Tween-20 solution, incubated with Polyethyleneimine-Peroxidaze conjugate,
washed with PBS/BSA/Tween-20 solution, and finally incubated with different substrates for Peroxidase to develop
colored soluble or insoluble products.

Results

[0086] WBC positive and WBC-negative samples developed different color intensities on the FTA-nylon, and FTA-
nitrocellulose membranes, each having a pore size of 0.2 Pm. The color intensity developed when the result of the
enzyme reaction was soluble product.
[0087] DNA positive and DNA-negative samples developed different color intensity on the FTA-nitrocellulose mem-
brane, having a pore size of 0.2 Pm. Again, the color intensity developed when the result of the enzyme reaction was
insoluble product.

CONCLUSIONS

[0088] The color intensity developed on the FTA membranes in 96 well plate as a result of the PEI-PO assay. This
directly correlates with the amount of WBC. The DNA can be released from WBC on FTA treated membrane for sub-
sequent analytical determination.
[0089] Physical and chemical properties of the FTA-treated membrane such as pore size are important for DNA
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evaluation. On the basis of two experiments it has been shown that the membrane with a 0.8 Pm pore size is the best
for DNA determination, while 0.1 Pm pore size membrane is more promising for WBC evaluation.

Results presented in the 2 tables and 2 pictures, marked as following

[0090]

Notice that 3 Pl of the sample was loaded in the well.
[0091] Advantages include alleviating the bottleneck of nucleic acid preparation. Also, GC adapters on gene specific
primers enable immobilization to the solid phase (See Yang et al. (1998) PNAS. Vol. 95, pp. 5462-5467). Additionally,
DNA can be loaded on the FTA treated membrane for following ELISA determination and DNA can be released from
WBC on FTA treated membrane (0.2 Pm pore size) for following analytical determination.

EXAMPLE 4:

[0092] The detection limit of the PEI-PO assay on FTA cellulose nitrate membrane for single- and double-stranded
DNA was analyzed.

OBJECTIVES:

[0093] Whatman Cellulose Nitrate membrane, pore size 0.8 Pm was treated with FTA solution. Seven different variables
were studied to find out the sensitive points of each step of the PEI-PO assay for DNA determination in 96 well plate
and used to determine the detection limit of the method for purified DNA. DNA samples as single- and double-stranded
DNA solutions were fixed on the FTA treated membranes in a 96 well plate, 40 pg - 400 ng DNA/well. All steps and
ingredients of the assay, plate pretreatment, baking step after loading DNA, blocking buffer, can contribute to the assay
sensitivity. Preliminary results suggested that detection limit of this method on cellulose nitrate membrane pore size 0.8
is 40 pg/well for single-stranded DNA and 400pg for double-stranded DNA.

MATERIALS

Membranes:

[0094] Cellulose Nitrate Membranes were obtained from the Arbor Technologies samples library. Membranes having
a pore size of 0.8 Pm were utilized for the following experiments. The membranes were soaked with the FTA for one
hour at 80°C, dried completely at room temperature, and baked at 80°C for one hour.

DNA samples:

[0095] Single-stranded human genomic DNA having the following concentrations were used: 20 ng/Pl, 2 ng/Pl, 200
pg/Pl, 20 pg/Pl. DEPC water was used as DNA-negative control. 2 Pl of each DNA concentration sample was loaded
onto the pieces of FTA cellulose nitrate membrane. The specimens were loaded in duplicate or triplicate.
[0096] Block solutions of PBS, 3% BSA, 0.1 % Tween-20 (block solution #1), PBS, 3% BSA (block solution #2), and
10 x Denhardt’s solution (1% Ficoll 400, 1 % polyvinylpyrolidone, 1% BSA), 4 x SET (NaCl, EDTA, Tris-HCl, pH 8.0),
0.1% SDS (block solution #3) were used when conducting these experiments.
[0097] All of these this variables were chosen to find out the sensitive points of each step of the PEI-PO assay for
DNA determination in 96 well plate.

Rows:
I 0.2 Pm nylon membrane (Comparative)
II. 1.2 Pm nylon membrane (Comparative)
III FTA-glass paper (Comparative)
IV 0.2 Pm nitrocellulose

Columns: A B C D
Concentration 5x103 WBC/Pl 5 WBC/Pl 2Pg/Pg DNA 0-control
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[0098] Two experiments were performed with FTA cellulose nitrate membrane for DNA determination. The goal of the
first experiment was to find the detection limit of the method for double and single stranded DNA using following protocol.
First, 2 Pl of the different DNA solutions were fixed on the pieces of the membrane in 96 well plate in duplicate. The
plate was baked for one hour at 80°C. Then, the plate was blocked with block solution 1 for one hour at 37°C. The plate
was incubated with PEI-PO conjugate for one hour at 37°C, then washed three times with PBS, 0.1 % Tween, for ten
minutes at 37°C. The DNA in one set of the wells was visualized directly on the membrane when insoluble product of
PO was developed after incubation with 3,3’-dianisidine. A duplicate set of the wells was incubated with 1,2-ortophe-
nylenediamine dihydrochloride (OPD) and color development in supernatant was estimated at 490 nm.
[0099] The goal of the second experiment was to repeat the determination of the detection limit and compare the
results after incubating plates with different block solutions. In this experiment, untreated plates and plates treated with
0.1% tween-20 were used. The membrane in each kind of plate, after DNA loading was either baked or not baked.

RESULTS

[0100] The combination of washing the plate with tween-20 and using block solution #1 gave the best result with a
low nonspecific background. The background measurement at 490 nm was as low as 0.200 on DNA negative membranes.
Block solutions #2 and #3 increased nonspecific sorption of PEI-PO. The background measurement at 490 nm was 0.6
- 0.8. The detection limit of the method was found 40 pg/well for single-stranded DNA and 400 pg/well for double-stranded
DNA. Baking step was find necessary for pure DNA determination by PRI-PO assay on the cellulose nitrate membrane.

CONCLUSIONS

[0101] The plate should be pretreated with 0.1 % Tween-20 solution before DNA determination on the FTA membrane
to create low nonspecific background. Among the three buffers only block solution #1 (PBS, 3% BSA, 0.1 % Tween-20)
works as a block solution for PEI-PO nonspecific sorption on the FTA-membrane.
[0102] Results suggested that the detection limit of this method on cellulose nitrate membrane having a pore size of
0.8 is 40 pg/well for single-stranded DNA and 400pg for double-stranded DNA.

EXAMPLE 5:

[0103] Two ELISA modifications were used to confirm that DNA can be released from white blood cells (WBC) on an
FTA treated cellulose nitrate membrane for subsequent quantitative determination.
[0104] Whatman Cellulose Nitrate and Nylon membranes, having a pore size of 0.2 Pm, were treated with FTA solution.
Two version of FTA treatment were used. First, membranes were treated with FTA in 96 well plate, and used for DNA
determination in the same plate. Second, membranes were treated with FTA solution, dried, cut into the pieces, loaded
into the plate and then used for DNA determination.
[0105] Two ELISA modifications were used to confirm that DNA can be released from white blood cells (WBC) on
FTA treated cellulose nitrate membrane for subsequent analytical determination.

MATERIALS

Membranes

[0106] Whatman Cellulose Nitrate membranes, pore size 0.2, 0.8Pm and Whatman Nylon membranes, standard and
SP, both with pore size of 0.2Pm were utilized.

FTA Treatment

[0107] Two treatments were applied: First - the pieces of the membranes, 5x10cm, were soaked with the FTA solution
(without uric acid) for 15 minutes, then baked at 80°C for one hour. Second - membranes were stored between plain
paper in plastic bags. Membranes were cut into circles of 0.5 mm diameter, and loaded into the 96 well plates. 10 Pl of
FTA solution was applied to each well on top of the membrane. The plate was completely dried at 80°C.

DNA samples

[0108] Single-stranded human genomic DNA, of the following concentrations were used: 2 ng/Pl, 200 pg/Pl, 20 pg/
Pl; as well as DEPC water which was used as a DNA-negative control.
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WBC samples

[0109] WBC were isolated from fresh human blood after lysis of the red cells with ammonium chloride buffer and three
washing steps with PBS, 1.5% BSA. WBC suspension was diluted to cell concentrations of 8x103, 4x102 and 2 cells per
Pl. 2 Pl of each WBC concentration samples were loaded on the pieces of FTA membranes in duplicate or triplicate.

STUDY DESIGN AND METHOD

[0110] The goal of the experiments was to find the optimal FTA treatment of the membranes for DNA determination
in a 96 well plate. The goal of the second experiment was to compare two different ELISA assays for WBC determination
on the cellulose nitrate and nylon membranes.
[0111] ELISA was conducted on the basis of antibodies to human DNA and was designed after the optimization of all
of the following steps: The experiment began with the loading of WBC and DNA samples on the pieces of FTA membranes
in a 96 well plate. Then the plate was baked for one hour at 80°C. Incubation occurred next with block solution, PBS,
3% BSA, 0.1 % Tween-20. Then there was incubation with human monoclonal antibodies (Abs) specific to human DNA,
including 1 ug of Abs/ml for one hour at 37°C or overnight in refrigerator. Subsequently, washing occurred three times
for five minutes at room temperature. Incubation with mouse antibodies specific to human IgG conjugated with biotin,
at a dilution of 1:15.000 occurred for one hour at 37°C. Then it was washed three times for five minutes at room
temperature. Next, incubation with avidin-poly-HRP, at a dilution 1:5.000 occurred for 45 minutes at 37°C. Then it was
washed three times for five minutes at room temperature. The OPD substrate was incubated for 20 minutes at 37°C.
Incubation was stopped with 3M sulfuric acid. The supernatant was transferred from the wells to the replica plates. Then
the reading plate was analyzed at 490 nm.

RESULTS

[0112] A very high positive background developed on all membranes treated with FTA in the plate. No statistical
differences were observed between DNA-positive and DNA-negative wells with membranes, which were treated with
FTA in the plate. When the membranes were treated with FTA before loading in the plate, very bright dark brown rings
were formed on the cellulose nitrate membranes loaded with WBC, 8x103 cell per Pl during PEI-PO assay. The same
bright rings for this WBC concentration, as well as for the concentration of 40x102, were observed on the cellulose nitrate
membrane with an assay based on antibodies to human DNA. No rings were seen on the membranes loaded with pure
DNA, or 20 WBC for Pl samples. The color intensity measured in the plates after PEI-PO and antibodies to human DNA
assays at 490 nm presented in the following table.

Color Intensity Developed on the WBC Samples Loaded on the FTA-Cellulose Nitrate Membrane ELISA Assays, 
Reading at 490 nm, March 10-14 Tests

[0113]

[0114] The color intensity developed on WBC positive membranes directly depends on WBC concentration. Nonspe-
cific background was lower after an assay based on antibodies to human DNA. Both assays gave similar intensity
between DNA positive and DNA negative samples, 0.74 for PEI-PO assay and 0.8 for antibodies to human DNA assay.
But in the case of using specific antibodies, a more pronounced difference was observed between samples with different
WBC concentration.

PEI-PO Assay Abs to human DNA

Mean SD Mean SD

8x103 cell/Pl 1.491 0.152 2.013 0.771

4x102 cell/Pl 1.255 0.214 0.645 0.104

20 cell/Pl 1.079 0.204 0.303 0.041

DNA-positive control 1.120 0.290 0.405 0.026

DNA-negative control 0.830 0.117 0.324 0.042



EP 1 177 420 B1

14

5

10

15

20

25

30

35

40

45

50

55

CONCLUSIONS

[0115] DNA can be released from WBC on FTA treated cellulose nitrate membranes for subsequent determination.
Color intensity developed on the WBC positive membranes depends on cell concentration.
[0116] Immunoassays based on the interaction between DNA and polyethyleneimine (nonspecific) or DNA and mon-
oclonal antibodies to DNA (specific) can be applied to DNA determination on FTA cellulose nitrate membranes in a 96
well plate. Treatment of the membrane with FTA directly in the wells of the plate results in a very high non-specific
sorption of PEI to the membrane.
[0117] Nylon membranes, both standard and SP, having pore sizes of 0.2, have a very high nonspecific background
after incubation with PEI-PO and antibodies to human DNA assays. In the present setting, these membranes could not
be recommended for DNA determination with ELISA assays.

EXAMPLE 6

[0118] FTA Nitro Cellulose membrane application for measurement of the level of antibodies to human DNA. Lupus
disease diagnostics.

Study Design:

[0119] Double stranded genomic DNA or suspension of WBC as sources of human DNA was loaded on the pieces
of FTA-nitro cellulose membrane in 96 well plate. Plate was incubated with antibodies (Abs) specific to human DNA,
which were obtained from the patient with Lupus disease. Concentration of Abs was 1 Pg of Abs/ml. ELISA assay on
the basis of mouse anti-human Abs conjugated with biotin and poly-avidin-HRP were performed on the plate. The color
intensity developed in the Abs to human DNA positive wells and control wells measured at 490 hm.

RESULTS

Color Intensity Developed on the FTA-Cellulose Nitrate Membrane In Abs to Human DNA Positive Wells by 
ELISA Assays, Reading at 490 nm

[0120]

CONCLUSION

[0121] FTA-treated membrane can be used to load DNA for following determination of antibodies specific to human
DNA in the plasma of patients with Lupus disease.
[0122] FTA coated filter materials are known to the art as tools for the analysis of genetic materials (Flinders Patents)
particularly for genomic DNA from any number of sources. Nucleic acid from blood samples can be purified, retained,
and readily utilized for PCR on FTA coated material such as cellulosic 31ET or glass microfiber. The genetic material
bound to FTA filters can be stored in a useable state at room temperature for a great deal of time (up to 10 years to date).
[0123] There are many ways that FTA coated materials can be utilized to address the concerns listed previously. Such
utilization would include:

1. FTA Tags Attached to Donated Blood Bags.
A blood spot from the donor administered to an FTA card attached to a blood bag into which the donor is contributing
would solve problems such as traceability, archiving and safety (pathogens are completely inactivated on FTA) of
handling. One would not need to draw blood from the bag for NAT, thereby negating the need for elaborate QC
measures to prevent cross-contamination of neighboring blood samples.
2. FTA Provides a Rapid Method for Nucleic Acid Purification.
Currently in the blood transfusion community, nucleic acid from donated samples is prepared by traditional techniques
which take up to 90+ minutes. Preparation of usable nucleic acid when using FTA material takes ten minutes.
Materials such as a 96 well microplate or tube containing FTA filters could be utilized by blood services for rapid
preparation. There is also provision to include the technique of eluting nucleic acid from the FTA filter if a soluble

Abs to Human DNA Control
WBC as DNA source 2.013 +/- 0.777 0.324 +/- 0.042
Genomic DNA as DNA source 0.405 +/- 0.026 0.324 +/- 0.042
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fraction may be more useful for some of the pathogen detection systems such as transcription mediated amplification
(TMA).
3. 96 Pooled Samples.
A 96 well microplate containing FTA filter material could be used to provide longer pool analysis than that which is
currently undertaken (24 is normal). The advantage of a 96 well FTA tool is that all samples are processed as one,
but yield singular results, completely negating the need for iterative analysis if the traditional pool is found as
pathogen-positive. There would also be a reduced risk for ’false-positive’ results that occur by inadvertently following
the wrong iterative pathway.
4. Blood Archive Cards.
An extension of the blood bag tag idea where a portion of the original tag is archived for look back’ purposes as
new pathogens are discovered and become of interest. FTA solid phase storage of nucleic acid has been shown
to yield usable product after ten years of RT storage. Storage/archive could be carried out in a file cabinet instead
of frozen aliquots.
5. NAT prior to blood donation.
Administer a drop of blood (donor) to a card provided (or brought in by donor). Test by NAT, and if clear, draw
donated blood after this testing. The advantage being that only safe blood enters the community.
6. Multiple Pathogen Testing.
Donor blood administered to an FTA device can be tested for many pathogens at once by PCR techniques. A 50Pl
blood spot yields a large surface on a filter from which many one millimeter punches can be taken. Also, the provision
exists to carry out different, specific PCR reactions on the same punch.
7. Transport of Blood Sample.
Donations taken at institutions do not necessarily carry out NAT. Expensive measures are taken to draw blood into
tubes and them ship them to NAT testing centers. An FTA device with a donor blood spot can be sent via US postal
service at room temperature with no additional expense.
8. Ambulance FTA Cards.
Accident victims, etc. can be NAT tested very rapidly if victim blood is archived to an FTA card that is carried by the
ambulance crew.

Claims

1. A kit for purifying nucleic acid comprising:

(i) a substrate for lysing cells and purifying nucleic acid comprising a solid matrix comprising nitrocellulose, the
solid matrix being coated with a chemical coating comprising a weak base, a chelating agent, and an anionic
surfactant or detergent which facilitates cellular lysis; and
(ii) an indicator means for indicating the presence of nucleic acid, wherein the indicator means is a polyethyle-
neimine conjugate or an enzyme-linked immunosorbant assay (ELISA) using antibodies to human DNA.

2. The kit according to claim 1, wherein said coated matrix is in a shape selected from the group consisting essentially
of a swab, a sheet, a card, and a ball.

3. The kit according to claim 1, wherein the solid matrix is a nitrocellulose membrane.

4. The kit according to claim 1, wherein the kit further comprises an integrity maintenance means for preserving the
matrix and purifying nucleic acid,

5. The kit according to claim 4, wherein said integrity maintenance means is selected from the group consisting es-
sentially of a plastic bag, cellophane, a sealable container, cartridge and parafilm.

6. The kit according to claim 4, wherein when said substrate is a sheet, said integrity maintenance means is a plastic bag.

7. A method of purifying nucleic acid comprising the steps of:

(i) applying a sample comprising nucleic acid to a substrate comprising a solid matrix comprising nitrocellulose,
the solid matrix being coated with a chemical coating comprising a weak base, a chelating agent, and an anionic
surfactant or detergent which facilitates cellular lysis;
(ii) capturing the nucleic acid within the substrate;
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(iii) optionally, fixing the nucleic acid to the substrate;
(iv) applying an indicator means for indicating the presence of nucleic acid;
(v) generating a signal to indicate the presence of the nucleic acid, wherein the signal is generated by a poly-
ethyleneimine conjugate or an enzyme-linked immunosorbant assay (ELISA) using antibodies to human DNA.

8. A method according to claim 7, wherein said generating step is further defined as generating a fluorescent signal,
colour indicator or photometric indicator.

9. The method according to claim 7, wherein the solid matrix is a nitrocellulose membrane

10. A method according to any one of claims 7 to 9, further including the step of analysing the amount of nucleic acid
captured by quantifying the generated signal.

11. A blood card for labelling blood transfusion bags comprising the kit of any one of claims 1 to 3 and integrity main-
tenance means.

Patentansprüche

1. Kit zum Reinigen von Nukleinsäuren mit:

(i) einem Substrat zum Lysieren von Zellen und zum Reinigen von Nukleinsäuren mit einer resten Matrix, die
Nitrocellulose aufweist, wobei die feste Matrix mit einer chemischen Beschichtung beschichtet ist, welche eine
schwache Base aufweist, ferner einen Chelatbildner sowie einen anionischen oberflächenaktiven Stoff oder
ein Detergens, das die zelluläre Lyse erleichtert; und
(ii) Anzeigemitteln zur Anzeige des Vorliegens der Nukleinsäure, wobei die Anzeigemittel ein Polyethylenimin-
Konjugat oder ein Enzym-gekoppelter Immunadsorptionstest (enzyme-linked immunosorbant assay, ELISA)
unter Verwendung von gegen menschliche DNA gerichteten Antikörpern sind.

2. Kit nach Anspruch 1, wobei die beschichtete Matrix eine Form aufweist, die ausgewählt ist aus der Gruppe bestehend
im Wesentlichen aus einem Tupfer, einem Blatt, einer Karte und einem Ball.

3. Kit nach Anspruch 1, wobei die feste Matrix eine Nitrocellulosemembran ist.

4. Kit nach Anspruch 1, wobei das Kit ferner ein Mittel zur Aufrechterhaltung der Integrität aufweist, zur Konservierung
der Matrix und Reinigung der Nukleinsäure.

5. Kit nach Anspruch 4, wobei das Mittel zur Aufrechterhaltung der Integrität ausgewählt ist aus der Gruppe bestehend
im Wesentlichen aus einem Plastikbeutel, Zellophan, einem verschließbaren Behältnis, einer Kassette und einem
Parafilm.

6. Kit nach Anspruch 4, wobei das Mittel zur Aufrechterhaltung der Integrität ein Plastikbehälter ist, wenn das Substrat
ein Blatt ist.

7. Verfahren zum Reinigen einer Nukleinsäure mit den folgenden Schritten:

(i) Auftragen einer Probe, die eine Nukleinsäure enthält, auf ein Substrat, welches eine feste Matrix mit einer
Nitrocellulose aufweist, wobei die feste Matrix mit einer chemischen Beschichtung beschichtet ist, die eine
schwache Base aufweist, ferner einen Chelatbildner sowie einen anionischen oberflächenaktiven Stoff oder
ein Detergens, das die zelluläre Lyse erleichtert;
(ii) Einfangen der Nukleinsäure innerhalb des Substrats;
(iii) wahlweise Fixieren der Nukleinsäure an das Substrat;
(iv) Auftragen von Indikatormitteln zur Anzeige des Vorliegens der Nukleinsäure;
(v) Erzeugen eines Signals zur Anzeige des Vorliegens der Nukleinsäure, wobei das Signal durch ein Polye-
thylenimin-Konjugat oder durch einen Enzym-gekoppelten Immunadsorptionstest (enzyme-linked im-
munosorbant assay, ELISA) unter Verwendung von gegen menschliche DNA gerichteten Antikörpern gebildet
wird.
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8. Verfahren nach Anspruch 7, wobei der Schritt des Erzeugens eines Signals ferner definiert wird als die Erzeugung
eines fluoreszierenden Signals, einer Farbanzeige oder einer fotometrischen Anzeige.

9. Verfahren nach Anspruch 7, wobei die feste Matrix eine Nitrocellulosemembran ist.

10. Verfahren nach einem der Ansprüche 7 bis 9, welches ferner den Schritt der Analyse der Menge der Nukleinsäure
mit einschließt, welche durch Quantifizierung des erzeugten Signals erfasst wird.

11. Blutkarte zur Markierung von Bluttransfusionsbeuteln, welche das Kit nach einem der Ansprüche 1 bis 3 sowie Mittel
zur Aufrechterhaltung der Integrität aufweist.

Revendications

1. Kit de purification d’un acide nucléique, comprenant :

(i) un substrat pour lyser des cellules et purifier un acide nucléique, comprenant une matrice solide qui comprend
de la nitrocellulose, la matrice solide étant revêtue d’un revêtement chimique comprenant une base faible, un
agent chélatant et un agent tensio-actif ou détergent anionique qui facilite la lyse cellulaire ; et
(ii) un moyen d’indication pour indiquer la présence d’acide nucléique, le moyen d’indication étant un conjugué
de polyéthylène imine ou un essai immuno-enzymatique (ELISA) utilisant des anticorps dirigés contre l’ADN
humain.

2. Kit selon la revendication 1, dans lequel ladite matrice revêtue se présente sous une forme choisie dans le groupe
constitué essentiellement d’un tampon, une feuille, une carte et une bille.

3. Kit selon la revendication 1, dans lequel la matrice solide est une membrane en nitrocellulose.

4. Kit selon la revendication 1, dans lequel le kit comprend en outre un moyen de maintien de l’intégrité afin de préserver
la matrice et purifier l’acide nucléique.

5. Kit selon la revendication 4, dans lequel ledit moyen de maintien de l’intégrité est choisi dans le groupe constitué
essentiellement d’un sachet en plastique, la cellophane, un récipient boucnable hermétiquement, une cartouche et
un parafilm.

6. Kit selon la revendication 4, dans lequel, lorsque ledit substrat est une feuille, ledit moyen de maintien de l’intégrité
est un sachet en plastique.

7. Procédé de purification d’un acide nucléique, comprenant les étapes consistant à :

(i) déposer un échantillon comprenant un acide nucléique sur un substrat comprenant une matrice solide qui
comprend de la nitrocellulose, la matrice solide étant revêtue d’un revêtement chimique comprenant une base
faible, un agent chélatant et un agent tensio-actif ou détergent anionique qui facilite la lyse cellulaire ;
(ii) capturer l’acide nucléique dans le substrat ;
(iii) le cas échéant fixer l’acide nucléique sur le substrat ;
(iv) déposer un moyen d’indication pour indiquer la présence d’acide nucléique ;
(v) générer un signal pour indiquer la présence de l’acide nucléique, ledit signal étant généré par un conjugué
de polyéthylène imine ou un essai immuno-enzymatique (ELISA) utilisant des anticorps dirigés contre l’ADN
humain.

8. Procédé selon la revendication 7, dans lequel ladite étape de génération est définie en outre comme générant un
signal fluorescent, un indicateur coloré ou un indicateur photométrique.

9. Procédé selon la revendication 7, dans lequel la matrice solide est une membrane en nitrocellulose.

10. Procédé selon l’une quelconque des revendications 7 à 9, comprenant en plus l’étape d’ analyse de la quantité
d’acide nucléique capturé en quantifiant le signal généré.
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11. Carte sanguine pour marquer des poches de transfusion sanguine, comprenant le kit selon l’une quelconque des
revendications 1 à 3 et un moyen de maintien de l’intégrité.
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