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[0001] The invention relates generally to methods and apparatuses for isolating nucleic acids.
[0002] Nucleic acids have a variety of usages in different areas such as detection or diagnosis area. Detection or
diagnosis at the nucleic acid level is more sensitive or specific than at, e.g., the protein level. Analytes such as crude
extracts from tissues like plant or animal tissue, cell lysate, or blood or urine samples comprise, besides nucleic acids,
other species (or impurities) at least some of which may inhibit the nucleic acid detections or masking the detection
results, so it is usually necessary to isolate nucleic acids from the impurities. Analytes comprising nucleic acids are
usually available in small amounts, so amplification techniques like the polymerase chain reaction (PCR) or reversetranscriptase-polymerase chain reaction (RT-PCR) are developed. Sometimes, one of requirements to isolation of nucleic
acids would be obtaining amounts of nucleic acids from analytes enough to be used in the subsequent amplification
procedures.
[0003] Different technologies have been developed to isolate/separate/purify nucleic acids. For example, U.S. patent
application publication No. 2005/0112658 discloses a method of isolating and purifying a nucleic acid under a centrifugal
force, U.S. patent application publication No. 2007/0221563 discloses a method for separating and purifying a nucleic
acid under pressure, and international patent application publication No. 2007/104962 directs to a method for separating
nucleic acids from a liquid sample by allowing the liquid sample to flow along a bibulous membrane so that the nucleic
acid is distributed along the length of the membrane.
[0004] It is disclosed, e.g., in U. S. patent No. 7,067,287 that quartz filter paper may be used as the solid phase
bondable to nucleic acids in methods for the recovery of nucleic acids under centrifugal forces or pressures and including
particles. However, it is not found yet that quartz fiber filters are actually used in isolating/separating/purifying nucleic
acids possibly it is not suitable for use in particle format and it is more well known for use in air sampling which is much
different from isolating/separating/purifying nucleic acids. Another reason the quartz fiber filter is not been actually used
in isolating/separating/purifying nucleic acids may be it is believed to be too dense to sorb nucleic acids.
[0005] Centrifugal force and pressure need instruments to generate the force and pressure and specific operation
skills, and are thus undesirable, e.g., for places where expensive instruments and skilled persons are not affordable. In
addition, centrifugal force and pressure may break down chains of nucleic acids into too short strings, resulting in that
only nucleic acids of relatively small size could be obtained. Separating by distribution along the membrane may sometimes have concerns in qualities because both of nucleic acids and impurities together are spread out on the membrane.
[0006] Therefore, there is a need to develop a new method and apparatus for isolating nucleic acids.
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[0007] In one aspect, a method is provided, comprising: sorbing a sample solution comprising nucleic acids to a sample
receiving portion of a quartz fiber filter by contacting the sample solution with the sample receiving portion; and washing
the sample receiving portion while keeping most of nucleic acids around the sample receiving portion by flowing a wash
solution through the sample receiving portion under a wicking force directed away from the sample receiving portion.
[0008] In another aspect, an apparatus is provided. The apparatus comprises: a quartz fiber filter comprising: a sample
receiving portion for sorbing a sample solution comprising nucleic acids by contacting with the sample solution and
keeping most of nucleic acids around the sample receiving portion after a wash solution flowing therethrough under a
wicking force directed away therefrom.
[0009] These and other advantages and features will be better understood from the following detailed description of
preferred embodiments of the invention that is provided in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010]
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FIG. 1 is a schematic diagram of an apparatus in accordance with a first embodiment of the invention;
FIG. 2 is a schematic diagram of an apparatus in accordance with a second embodiment of the invention;
55

FIG. 3 is a schematic diagram of an apparatus in accordance with a third embodiment of the invention;
FIG. 4 is an electrophoresis image obtained in example 1;
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FIG. 5 is a schematic diagram showing that how a piece was taken for electrophoresis in example 2;
FIG. 6 is an electrophoresis image obtained in example 2 and comparative example 1; and
5

FIG. 7 is a schematic diagram showing the washing step of example 5.
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[0011] Approximating language, as used herein throughout the specification and claims, may be applied to modify
any quantitative representation that could permissibly vary without resulting in a change in the basic function to which
it is related. Accordingly, a value modified by a term or terms, such as "about", is not to be limited to the precise value
specified. In some instances, the approximating language may correspond to the precision of an instrument for measuring
the value.
[0012] In the following specification and claims, the singular forms "a", "an" and "the" include plural referents, unless
the context clearly dictates otherwise. Moreover, the suffix "(s)" as used herein is usually intended to include both the
singular and the plural of the term that it modifies, thereby including one or more of that term.
[0013] As used herein, the terms "may" and "may be" indicate a possibility of an occurrence within a set of circumstances; a possession of a specified property, characteristic or function; and/or qualify another verb by expressing one
or more of an ability, capability, or possibility associated with the qualified verb. Accordingly, usage of "may" and "may
be" indicates that a modified term is apparently appropriate, capable, or suitable for an indicated capacity, function, or
usage, while taking into account that in some circumstances, the modified term may sometimes not be appropriate,
capable, or suitable. For example, in some circumstances, an event or capacity may be expected, while in other circumstances, the event or capacity maynot occur. This distinction is captured by the terms "may" and "may be".
[0014] Preferred embodiments of the present disclosure will be described hereinbelow with reference to the accompanying drawings. In the following description, well-known functions or constructions are not described in detail to avoid
obscuring the disclosure in unnecessary detail.
[0015] Please refer to FIG. 1, an apparatus 1 in accordance with a first embodiment of the present invention comprises:
a quartz fiber filter 10 comprising: a sample receiving portion 12 for sorbing a sample solution (not shown) comprising
nucleic acids (not shown) by contacting with the sample solution and keeping most of nucleic acids around the sample
receiving portion after a wash solution (not shown) flowing therethrough under a wicking force (not shown) directed away
from the sample receiving portion.
[0016] The quartz fiber filter 10 includes any porous and bibulous material to which the sample solution will sorb and
which does not inhibit storage or subsequent analysis of the nucleic acid applied to the quartz fiber filter. In some
embodiments, the quartz fiber filter 10 is made of pure quartz fibers with no binders. In some embodiments, the quartz
fiber filter has a particle retention efficiency of about 98% for particles of a size of no less than 2.2 mm, a basis weight
of 85 g/m2, and a thickness in a range of from about 300 mm to about 600 mm. examples of quartz fiber filters suitable
for this purpose include, but are not limited to, Whatman® grade QM-A quartz microfiber filters available from GE
Healthcare Bio-Sciences Corp., New Jersey, USA), and AQFA quartz fiber filters available from Millipore Corporation,
Billerica, MA, USA.
[0017] The quartz fiber filter 10 may be in the form of an elongate strip, along which the wash solution applied thereon
is able to travel. The quartz fiber filter 10 may be supported on a backing material such as a plastic material like polyester
(Mylar®) or PET.
[0018] The apparatus may be a simple nucleic acid purification device, or alternatively may be a part or components
of a whole nucleic acid analysis device/instrument.
[0019] The sample receiving portion 12 may be in any shape or configuration that the sample solution could be sorbed
thereto. The sample receiving portion 12 may be either a section of the quartz fiber filter 10 itself or an absorbent pad,
which is in liquid contact with the quartz fiber filter 10.
[0020] In some embodiments, the quartz fiber filter 10 may be an elongated strip comprising the sample receiving
portion 12, a wash portion 14 distant from the sample receiving portion 12 for the wash solution (not shown) to be added
thereto, a first end 16, and a second end 18. The wash portion 14 is located closer to the first end 16 than to the second
end 18 and the sample receiving portion 12 is located closer to the second end 18 than the wash portion 14. In such an
arrangement, when the wash solution is applied to the wash portion 14, most of the wash solution will flow from the
wash portion 14 through the sample receiving portion 12 towards the second end 18 under a wicking force directed
away from the sample receiving portion 12.
[0021] In some embodiments, the wash portion 14 is the first end 16 and the wash solution is applied to the quartz
fiber filter by soaking the wash portion 14/16 in the wash solution while the sample receiving portion is located outside
the surface of the wash solution.
[0022] As used herein, the term "sorb" means that the sample solution is absorbed, adsorbed or otherwise incorporated
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into or onto the sample receiving portion in such a way as not to be readily removed from the sample receiving portion
unless subjected to conditions which are intentionally or inadvertently performed to remove the sorbed composition from
the sample receiving portion.
[0023] The term "most of nucleic acids" used herein refers to a quantity of nucleic acids kept around the sample
receiving portion, which may be at least about 15% of the total amount of nucleic acids in the sample solution sorbed
to the sample receiving portion, at least 50% of the total amount of nucleic acids in the sample solution sorbed to the
sample receiving portion, or at least 90% of the total amount of nucleic acids in the sample solution sorbed to the sample
receiving portion.
[0024] The term "isolate, isolating or isolation" used herein indicates the act or action to separate or purify nucleic
acids from a sample solution in a way to facilitate subsequent analysis/usage of nucleic acids such as amplification
analyses.
[0025] As used herein, the phrase "nucleic acids" means either or both of deoxyribonucleic acids (DNA) and ribonucleic
acids (RNA). Isolated nucleic acids may comprise single type of nucleic acids or 2 or more different types of nucleic
acids. They may be single-stranded, double-stranded, linear or cyclic. Length of isolated nucleic acids is also not limited.
It may be optional in a range from several bp to several Mbp. It is however generally in a range from several bp to several
hundreds of kbp for ease of handling. The nucleic acid isolation/purification method of the present invention may swiftly
recover a wider range of lengths of nucleic acids than a conventional method may. Length of nucleic acids isolated by
the present invention may be in a range of from about 1 bp to about 1,500 kbp, preferably of from about 1 kbp to about
500 kbp, more preferably from about 20 kbp to about 200 kbp.
[0026] There is no limit to the analytes for the present invention. Examples of analytes include physiological/pathological
body liquids (e.g., secretions, excretions, exudates and transudates) or cell suspensions (e.g., blood, lymph, synovial
fluid, semen, saliva comprising buccal cells, skin scrapings, hair root cells, etc.) of humans and animals; physiological/pathological liquids or cell suspensions of plants; liquid products, extracts or suspensions of bacteria, fungi, plasmids,
viruses etc.; liquid products, extracts or suspensions of parasites including helminths, protozoas, spirochetes, etc.; liquid
extracts or homogenates of human or animal body tissues (e.g., bone, liver, kidney, etc.); media from DNA or RNA
synthesis; mixtures of chemically or biochemically synthesized DNA or RNA; and any other source in which DNA and/or
RNA is or may be in. In particular, analytes include physiological or clinical samples such as blood, blood cells and blood
with anticoagulants. An exemplary method for removing an analyte from a source is removing a sample of nucleic acid
in blood from a human or animal source by venipuncture.
[0027] The sample solution may be a solution comprising either or both of DNA and RNA, or, cells, cell components
or cell extracts which comprise either or both of DNA and RNA, dissolved, suspended, mixed or otherwise contained
therein. The sample solution may be a solution prepared from the analyte.
[0028] An exemplary method for preparing a sample solution comprising nucleic acids from an analyte includes the
steps of: injecting a sample of analyte into a container; adding a nucleic acid-solubilizing reagent to the container, and
mixing the sample with the nucleic acid-solubilizing reagent; incubating the resultant mixed solution; and adding a watersoluble organic solvent to the incubated mixed solution, in which the last two steps are optional. The nucleic acidsolubilizing reagent dissolves cell membranes and nuclear membranes to be dissolved, and solubilizes/disperses nucleic
acids. Examples of the nucleic acid-solubilizing reagent include solutions comprising at least one of a chaotropic salt,
a surfactant and a protease. The nucleic acid-solubilizing reagent may be fed in a dry state as well.
[0029] The method for preparing the sample solution comprising nucleic acids may be conducted with the aid of, for
example, a ultrasonic wave treatment, a treatment using a sharp projection, or a high-speed stirring or vortexing treatment.
[0030] The preferable protease for the present invention is at least one of, e.g., serine, cystine and metallic proteases.
Serine protease is not particularly limited and, for example, protease K may preferably be used. Cysteine protease is
not particularly limited and, for example, papain and cathepsin may preferably be used. Metallic protease is not particularly
limited and, for example, carboxypeptidase may preferably be used. A protease free of nuclease may be used. A protease
comprising a stabilizer, such as metallic ions, may be used. More specifically, the magnesium ion in the form of magnesium
chloride or the like, is preferable. A stabilizer may be incorporated at a concentration of about 1 to about 1000 mmol/mL,
or preferably about 10 to about 100 mmol/mL of the total volume of the whole reaction system.
[0031] The protease may be used, upon addition, in an amount of preferably from about 0.001 IU to about 10 IU, more
preferably from about 0.01 IU to about 1 IU, per ml of the whole reaction system.
[0032] A protease may be used together with a chaotropic salt, surfactant or another reagent. Alternatively, the protease
may be used as a separate reagent from other reagents such as a chaotropic salt and a surfactant. In the latter case,
a sample of analyte is first mixed with a reagent comprising a protease, and the mixture is then mixed with a reagent
comprising a chaotropic salt and/or a surfactant. Or, the protease may be mixed after first mixing a sample of analyte
with the reagent comprising a chaotropic acid and/or a surfactant.
[0033] The procedure for mixing a sample of analyte with a nucleic acid solubilizing reagent is not limited.
[0034] The yields of separated and purified nucleic acids may be increased by incubating the mixture of a sample of
analyte and a nucleic acid-solubilizing reagent at a preferred temperature for a protease for a preferred reaction time.
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The incubation temperature is usually from about 20 °C to about 70 °C, and the incubation time is usually from about 1
minute to about 90 minutes. The incubation method is not particularly limited, and may be conducted by dipping into a
warm bath or a heating chamber.
[0035] The nucleic acid-solubilizing reagent solution has a pH in a range of preferably from about 5 to about 10, more
from preferably about 6 to about 9, still more preferably from about 6.5 to about 8.
[0036] The concentration of a chaotropic salt in the nucleic acid-solubilizing reagent solution is preferably about 0.5
M or more, more preferably in a range from about 0.5 M to about 10 M, still more preferably in a range from about 5 M
to about 8 M. Guanidine hydrochloride is a preferred chaotropic salt, but other chaotropic salts (e.g., sodium trifluoroacetate, sodium perchlorate, sodium iodine and guanidine thiocyanate) may also be used. Instead of a chaotropic salt,
it is also possible to use urea as a chaotropic substance. These chaotropic substances may be used individually or in
combination of two or more thereof.
[0037] The nucleic acid-solubilizing reagent solution may comprise a water-soluble organic solvent. As the watersoluble organic solvent, alcohols are preferred. The alcohols may be any of primary alcohols, secondary alcohols and
tertiary alcohols. As the alcohol, methyl alcohol, ethyl alcohol, propyl alcohol and its isomers, and butyl alcohol and its
isomers may preferably be used. These water-soluble organic solvents may be used independently or as a combination
of two or more thereof. The concentration of the water-soluble organic solvent in the nucleic acid-solubilizing reagent
solution is preferably in a range of from about 1% to about 20% by weight.
[0038] The concentration of the surfactant in the nucleic acid-solubilizing reagent solution is preferably in a range of
from about 0.1% to about 20% by weight. Examples of the surfactant in the nucleic acid-solubilizing reagent solution
include nonionic surfactants, cationic surfactants, anionic surfactants and amphoteric surfactants.
[0039] As the nonionic surfactant, polyoxyethylene alkylphenyl ether series surfactants, polyoxyethykene alkyl ether
series surfactants, and fatty acid alkylamides may be used, with polyoxyethylene octyl phenyl ether (such as Triton™
X-100) and polyoxyethylene alkyl ether series surfactants being preferably usable. Polyoxyethylene alkyl ether series
surfactants may be selected from among POE decyl ether, POE lauryl ether, POE tridecyl ether, POE alkylene decyl
ether, POE sorbitan monolaurate, POE sorbitan monooleate, POE sorbitan monostearate, tetraoleic acid polyoxyethyolene sorbitol, POE alkylamine, and POE acetylene glycol.
[0040] Examples of cationic surfactants include cetyltrimethylammonium bromide, dodecyltrimethylammonium chloride, tetradecyltrimethylammonium chloride and cetylpyridinium chloride. These surfactants may be used independently
or as a combination of two or more thereof.
[0041] In the case of recovering other nucleic acids than RNA, such as DNA, it is preferable to add an RNA-decomposing
enzyme to a nucleic acid-solubilizing reagent solution to reduce the interference by RNA otherwise co-present in the
recovered nucleic acids. It is also preferable to add DNA-decomposing enzyme inhibitor. RNA decomposing enzymes
are not particularly limited, and enzymes capable of specifically decomposing RNA, such as ribonuclease H (RNase H),
may preferably be used.
[0042] On the other hand, in the case of recovering other nucleic acids than DNA, such as RNA, it is preferable to add
a DNA-decomposing enzyme to the nucleic acid-solubilizing reagent solution. Thus, interference by DNA otherwise copresent in the recovered nucleic acids may be reduced. It is also preferable to add RNA-decomposing enzyme inhibitor.
As the RNA-decomposing enzyme inhibitor, those which specifically inhibit RNA-decomposing enzymes are preferred.
DNA decomposing enzymes are not particularly limited, and enzymes capable of specifically decomposing DNA, such
as DNase I may preferably be used.
[0043] In some embodiments, enzymes capable of specifically decomposing DNA or RNA may be added to the sample
receiving portion after washing the quartz fiber filter with the wash solution.
[0044] The sample solution comprising nucleic acids may preferably comprise a defoaming agent. Examples of the
defoaming agent include silicon-comprising defoaming agents (e.g., silicone oil, dimethylpolysiloxane, silicone emulsion,
modified polysiloxane and silicone compound), alcohol series defoaming agents (e.g., acetylene glycol, heptanol, ethylhexanol, higher alcohol and polyoxyalkylene glycol), ether series defoaming agents (e.g., heptyl cellosolve and nonyl
cellosolve-3-heptylsorbitol), fat-and-oil series defoaming agents (e.g., animal oils and plant oils), fatty acid series defoaming agents (e.g., stearic acid, oleic acid and palmitic acid), metallic soap series defoaming agents (e.g., aluminum
stearate and calcium stearate), fatty acid ester series defoaming agents (e.g., natural wax and tributyl phosphate),
phosphate series defoaming agents (e.g., sodium octylphosphate), amine series defoaming agents (e.g., diamylamine),
amide series defoaming agents (e.g., stearic acid amide) and other defoaming agents (e.g., ferric sulfate and bauxite).
Particularly preferably, a combination of a silicon-comprising defoaming agent and an alcohol series defoaming agent
may be used as the defoaming agent.
[0045] An alcohol may preferably be used as a water-soluble organic solvent to be added to an incubated mixed
solution. Any of a primary alcohol, a secondary alcohol and a tertiary alcohol may be used. Methyl alcohol, ethyl alcohol,
propyl alcohol, butyl alcohol, and an isomer thereof may preferably be used. The concentration of such water-soluble
organic solvent in the sample solution comprising nucleic acids is preferably in a range of from about 5% to about 90%
by weight.
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[0046] Both of the sample solution comprising nucleic acids and the wash solution may be applied to the quartz fiber
filter by a tube, a pipette, or an automatic injector, or in any other applicable ways/tools. The wash solution flows along
or through the quartz fiber filter under the wicking force and without external force and carries away impurities having a
less affinity to the quartz fiber filter than nucleic acids, thereby washing the sample receiving portion while keeping most
of the nucleic acids around the sample receiving portion.
[0047] The wash solution may be supplied to the quartz fiber filter at the same place as where the sample solution
comprising nucleic acids is added, i.e., the sample receiving portion. The wash solution may also be applied to the quartz
fiber filter at a place different from the sample receiving portion. In the former case, the sample receiving portion and
the wash portion is the same place on the quartz fiber filter.
[0048] The wash solution may comprise an enzyme capable of degrading a contaminant, e.g., protein. Moreover, it
may comprise deoxyribonuclease, ribonuclease or the like depending on circumstances. Use of a deoxyribonucleasecomprising wash solution will allow selective recovery of RNA. Similarly, use of a ribonuclease-comprising wash solution
will allow selective recovery of DNA.
[0049] The wash solution preferably comprises a water-soluble organic solvent and/or water-soluble salt. The wash
solution washes out an impurity in a sample solution, which is adsorbed on the quartz fiber filter together with nucleic
acids. Therefore, it may have a composition which desorbs the impurity from the quartz fiber filter while keeping nucleic
acids adsorbed. A water-soluble organic solvent, e.g., alcohol, in which nucleic acids are sparingly soluble, is suitable
for desorbing components other than nucleic acid from the quartz fiber filter. At the same time, incorporation of a watersoluble salt enhances the effect of adsorbing nucleic acids to improve selective desorption of an unnecessary component.
[0050] The exemplary water-soluble organic solvents to be contained in a wash solution include methanol, ethanol,
isopropanol, n-propanol, butanol and acetone, of which ethanol is more preferable. The water-soluble organic solvent
is incorporated in a wash solution preferably at about 20% to about 100% by weight, more preferably about 40% to about
100% by weight.
[0051] On the other hand, the exemplary water-soluble salt to be contained in a wash solution is preferably a halide
salt or tris(hydroxymethyl)aminomethane.
[0052] Referring to FIG. 2, an apparatus 2 in accordance with a second embodiment of the present invention comprises
a quartz fiber filter 20, a plastic housing 22 comprising an upper half 24 and a lower half 26, and bibulous pads 28.
[0053] The quartz fiber filter 20 is similar with the quartz fiber filter 10 of the first embodiment and comprises a sample
receiving portion 202 and a wash portion 204, a first end 206, and a second end 208. The wash portion 204 is located
closer to the first end 206 than to the second end 208 and the sample receiving portion 202 is located closer to the
second end 208 than the wash portion 204. In such an arrangement, when the wash solution is applied to the wash
portion 204, more of the wash solution will flow from the wash portion 204 through the sample receiving portion 202
towards the second end 208 under a wicking force directed away from the sample receiving portion 202.
[0054] The plastic housing 22 encloses the quartz fiber filter 20 and the bibulous pads 28 therein. The upper and the
lower halves 24, 26 may be molded integrally or separately. The upper half 24 comprises a sample opening 240 and a
wash opening 242 corresponding in positions to the sample receiving portion 202 and the wash portion 204, respectively.
While the sample solution comprising nucleic acids is added, the sample opening 240 may accommodate the sample
solution comprising nucleic acids together with the sample receiving portion 202 before the sample solution comprising
nucleic acids is completely sorbed.
[0055] The bibulous pads 28 are respectively adjacent to and vertically aligned with the wash portion 204 and the
second end 208 to help to enhance the wicking force drawing the wash solution away from the sample receiving portion
202.
[0056] Please refer to FIG. 3, an apparatus 3 in accordance with a third embodiment of the present invention comprises
a quartz fiber filter 30, a plastic housing 32 comprising an upper half 34 and a lower half 36, and a bibulous pad 38.
[0057] The quartz fiber filter 30 is similar with the quartz fiber filter 10 of the first embodiment and comprises a sample
receiving portion 302, a first end 306, and a second end 308. The sample receiving portion 302 is located closer to the
first end 306 than to the second end 308.
[0058] The plastic housing 32 encloses the quartz fiber filter 30 and the bibulous pad 38 therein. The upper and the
lower halves 34, 36 may be molded integrally or separately. The upper half 34 comprises a sample opening 340 corresponding in position to the sample receiving portion 302. While the sample solution comprising nucleic acids is added,
the sample opening 340 may accommodate the sample solution comprising nucleic acids together with the sample
receiving portion 302 before the sample solution comprising nucleic acids is completely sorbed.
[0059] The bibulous pad 38 is adjacent to and vertically aligned with the quartz fiber filter 30 to help drawing the wash
solution away from the sample receiving portion 302.
[0060] In such an arrangement, both the sample solution comprising nucleic acids and the wash solution are applied
to the sample receiving portion 302 and when the wash solution is applied to the sample receiving portion 302, the wash
solution will flow through the sample receiving portion 302 towards the second end 308 and/or the bibulous pad 38 under
a wicking force directed away from the sample receiving portion 302.
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[0061] The bibulous pad 28, 38 is made of bibulous material, such as cellulose, silica microfiber filter, glass fiber, and
quartz fiber filter.
[0062] In some embodiments, the sample receiving portion may be located outside of the housing.
[0063] The method of the invention may comprise steps of: sorbing a sample solution comprising nucleic acids to a
sample receiving portion of a quartz fiber filter by contacting the sample solution with the sample receiving portion; and
washing the sample receiving portion while keeping most of nucleic acids around the sample receiving portion by flowing
a wash solution through the sample receiving portion under a wicking force directed away from the sample receiving
portion.
[0064] In the invention, the wicking force inherent from the porosity of the bibulous quartz fiber filter itself acts as the
driving force to enable the wash solution to flow and carry away the impurities besides nucleic acids from the sample
solution because of different affinities of impurities and nucleic acids to the porous quartz fiber filter, thereby eliminating
the needs for instruments to generate the external driving force (e.g. centrifugation force and pressure) and personnel
with specific skills and enabling isolation on site and in remote areas. It appears that by flowing the wash solution through
the sample receiving portion to carry impurities away while keeping the nucleic acids around the sample receiving portion,
the nucleic acids become sufficiently separated from other components in the sample solution to allow them to be
detected using a conventional nucleic acid detection method such as PCR. In effect, this has a purification effect.
[0065] This method may be a highly cost effective and efficient method for conducting a simple purification step in any
analysis, but in particular for an analysis which involves nucleic acid amplification such as the polymerase chain reaction
(PCR) which may be conducted in the presence of the quartz fiber filter without any significant inhibition. The quartz
fiber filter unexpectedly entraps nucleic acids after the sample solution comprising nucleic acids are applied thereto and
after the wash solution flows therethrough to carry away impurities. Once separated on the quartz fiber filter, the nucleic
acid may be subjected to further analysis in situ, or if necessary, nucleic acids may be eluted from or otherwise removed
from the quartz fiber filter using a suitable buffer, and the analysis carried out on the eluate or extract.
[0066] After washing by the wash solution, the sample receiving portion usually changes back or close to back in color
with respect to before the sample solution comprising nucleic acids is added. In some embodiments, the quartz fiber
filter is dried at a temperature below 90 °C or preferably, at 37 °C or 40 °C, or at the room temperature after washing
and the quartz fiber filter, or more suitably the sample receiving portion of the quartz fiber filter, for example a small piece
or punch extracted around the sample receiving portion is taken, for example in a laboratory environment, and utilised
for further analysis.
[0067] For example, in order to detect the presence of a specific nucleic acid on the quartz fiber filter, the piece or
punch is immersed into a PCR mixture. PCR mixtures may comprise reagents such as nucleotides, polymerase and a
set of PCR primers that are designed to amplify a specific nucleic acid sequence, which may be characteristic of a
particular organism. PCR mixture s may further comprise buffers, magnesium salts etc.
[0068] The Ct values obtained from the PCR analysis of nucleic acid on the quartz fiber filter were equivalent to those
from analyses using conventional complex purification and/or storage methods. This suggests that the method and
apparatus of the invention working to purify the nucleic acids and remove contaminants /inhibitors effectively.
[0069] As used herein, the nucleotides include a primer, (e.g., a PCR primer, a primer for reverse transcriptase initiated
PCR), sets of oligonucleotide substrates for LCR, DNA or RNA probe, oligonucleotides used in genetic sequencing, or
target sequence stabilizer.
[0070] As used herein, a "primer" means a fragment of oligonucleotides, which is capable of annealing to a complementary nucleic acid sequence on the quartz fiber filter, and which are oriented so that the primer will prime the synthesis
of a strand of DNA (or conceivably, a strand of RNA) comprising a sequence complimentary to the other oligonucleotide.
For some applications, it is desirable that the sequence of the oligonucleotide and its complimentary sequence are
predetermined. In other applications, the sequence may be unknown. A plurality of degenerate primers or primers with
sequences predicted to bind to the complementary sequence may be used. The primer-pair may be used to amplify a
pair of complimentary sequences and the sequence between the two complimentary sequences of known or unknown
size. In addition, the primer may be used to amplify a template that is initially double-stranded DNA or RNA, as well as
single-stranded DNA or RNA. For a single-stranded template, it is understood that the sequence complementary to one
of the oligonucleotides will be synthesized by elongation of the first primer as it is annealed to its complementary sequence.
[0071] Primers for PCR or for reverse transcriptase initiated PCR may be present as a primer-pair, as is usual, or
there may be only one primer as may be the case with genomic-sequencing or some protocols for reverse transcriptase
initiated PCR.
EXAMPLES
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[0072] The following examples are included to provide additional guidance to those of ordinary skill in the art in practicing
the claimed invention. Accordingly, these examples do not limit the invention as defined in the appended claims.
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Example 1: position analysis after isolation
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[0073] A sample of human whole blood (2.5 ml) comprising an anticoagulant (sodium heparin), 0.25 ml of protease K
(20 mg/ml) and 2.5 ml of a solution (66.87% guanidinium hydrochloride, and 4% Triton™ X-100) were added into a 1.5
ml microcentrifuge tube.
[0074] The microcentrifuge tube was shaken for approximately 15 seconds, then incubated at room temperature for
about 10 minutes with intermittent vortexing to prepare the sample solution. At the end of the incubation, the color of
the mixture in the microcentrifuge tube changed from red to dark brown.
[0075] After preparation, the obtained sample solution was transferred from the microcentrifuge tube through the
sample opening of a plastic housing to contact with the sample receiving portion of the quartz fiber filter enclosed in the
housing of an apparatus configured as shown in FIG. 2. The quartz fiber filter was a 4 mm-widthx6 cm-length strip of
Whatman® grade QM-A quartz microfiber filter obtained from GE Healthcare Bio-Sciences Corp., New Jersey, USA.
The plastic housing was A-9 plastic housing obtained from Shanghai Jieyi Biotechnology Co., Ltd., Shanghai, China.
The bibulous pads below the wash portion and the second end were Whatman® grade 470 special purpose filter papers
obtained from GE Healthcare Bio-Sciences Corp., New Jersey, USA.
[0076] After about 5 seconds since the transfer, the sample solution was observed to have been absorbed to the
sample receiving portion of the quartz fiber filter and the sample receiving portion’s color turned to brown. A wash solution
(150 ml, 80% ethanol solution) was then added through the wash opening of the housing to wash the sample receiving
portion by allowing the wash solution to flow from the wash portion in communication with the wash opening through
the sample receiving portion.
[0077] When no visible impurities were observed around the sample receiving portion and the sample receiving portion’s
color turned back into the color before the sample solution was added, the apparatus was put in an oven at 37 °C for
30 minutes for drying. From the sample solution was added to the sample receiving portion’s color turned back, it only
took about 5 minutes. After drying, the quartz fiber filter was taken out of the housing and was cut into 12 small pieces
along the length thereof each having a width of 4 mm and a length of 5 mm. Each small piece was placed into a separate
sample well of 0.8% agarose gel to conduct the pulsed field gel electrophoresis.
[0078] The pulsed field gel electrophoresis was carried out on a CHEF Mapper® XA system from Bio-Rad Laboratories,
Inc., California, U.S.A., with a voltage of 120 V for 45 minutes. After electrophoresis, the agarose gel was stained by
13SYBR Green I solution for 1.5 hours and then scanned using a TyphoonTM TrioTM variable mode imager, GE
Healthcare Bio-Sciences Corp., New Jersey, USA to obtain the electrophoresis image.
[0079] The electrophoresis image is shown in FIG. 4. Lanes A-L in FIG. 4 represent images of pieces from the first
end to the second end of the strip in sequence, e.g., lanes A-B represent images of pieces corresponding to the first
end and the wash portion, lanes C-D represent images of pieces corresponding to the sample receiving portion, and
lane M stands for the image of the DNA marker (DL 15,000, Takara). The image shows that after washing, most of
nucleic acids were kept around the sample receiving portion.
Example 2: size analysis after isolation
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[0080] A quartz fiber filter strip similar with the one used in example 1 was contacted with the same amount of a sample
solution prepared in the same way as in example 1 and washed with a wash solution the same as that in example 1 in
the same way as in example 1.
[0081] Once the quartz fiber filter strip was dried in the same way as in example 1, the quartz fiber filter was taken out
of the plastic housing and a piece 210 (1 cm in length) around the sample receiving portion 202 between dotted lines
211 was cut from the quartz fiber filter strip 20 as is shown in FIG. 5. The 1 cm-length piece 210 was then cut in half,
and the two halves were placed in a sample well of a 1% agarose gel to conduct the pulsed field gel electrophoresis.
[0082] Pulsed field gel electrophoresis was carried out on the CHEF Mapper® XA system, with a voltage of 6 v/cm at
a temperature of 10 °C for 24 hours. After electrophoresis, the agarose gel was stained by 13SYBR Green I solution
for 5 hours and then scanned using the TyphoonTM TrioTM variable mode imager to obtain the electrophoresis image.
The pulsed field gel electrophoresis image is shown in FIG. 6.
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Comparative example 1

55

[0083] DNA solution (2.5 ml) extracted from 2.5 ml of human whole blood comprising sodium heparin (anticoagulant)
using QIAamp blood mini kit (QIAGEN) following operation protocols recommended in the product brochure was mixed
with 2.5 ml of water and was placed in a sample well of a 1% agarose gel to conduct electrophoresis in the same way
as in example 2.
[0084] Another 2.5 ml of DNA solution extracted from 2.5 ml of human whole blood comprising sodium heparin (anticoagulant) using QIAamp blood mini kit (QIAGEN) following operation protocols recommended in the product brochure
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was mixed with 2.5 ml water and was dropped on a strip the same as that used in example 1. After drying, a 1cm-length
piece of quartz fiber filter was cut around the sample receiving portion and placed into a separate sample well of a 1%
agarose gel to conduct electrophoresis in the same way as in example 2.
[0085] Pulsed field gel electrophoresis images are also shown in FIG. 6. In FIG. 6, lane N represents MidRange II
PFG marker, lane O is the image of the mixture of 2.5 ml DNA and 2.5 ml water of comparative example 1, lane P is the
image of the piece of comparative example 1 and lane Q is the image of the piece of example 2.
[0086] As can be seen from FIG. 6 that the size range of DNA isolated/purified in comparative example 1 matches
the product introduction mentioning that the size of DNA extracted by QIAGEN blood mini kit is from 200 bp to 50 kbp,
and is much narrower than the size range of DNA isolated/purified in example 2.

10

Example 3: amount analysis after isolation

15

[0087] Three strips of quartz fiber filter similar with the one used in example 1 were respectively contacted with the
same amount of three sample solutions respectively prepared in the same way as in example 1 and respectively washed
with three wash solution the same as that in example 1 in the same way as in example 1.
[0088] After drying in the same way as in previous examples, a 1.2 mm-diameter piece was punched around the
sample receiving portion by a Harris Uni-core 1.2 mm puncher from each strip. Each of the pieces was placed into a 25
ml PCR tube containing 25 ml master-mix for Taqman real-time PCR for beta-actin (13PCR buffer containing Ex Taq
HS, 300nM each beta-actin primer and 100 nM beta-actin probe).
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Comparative example 2
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[0089] Three samples of 2.5 ml of DNA solution each extracted from 2.5 ml of human whole blood comprising anticoagulant (sodium heparin) using QIAamp blood mini kit (QIAGEN) following operation protocols recommended in the
product brochure was each mixed with 2.5 ml water and was each dropped on a quartz fiber filter strip the same as that
used in example 1. After drying, a 1.2 mm-diameter piece was punched at the sample receiving portion by a Harris Unicore 1.2 mm puncher from each strip. Each piece was placed into a 25 ml PCR tube containing 25 ml master-mix for
Taqman real-time PCR for beta-actin (13PCR buffer containing Ex Taq HS, 300 nM each beta-actin primer and 100
nM beta-actin probe).
[0090] Real-time PCR was carried out on a Smart Cycler® II thermocycler (Cepheid), with cycling conditions of 30
seconds at 95 °C, and then followed by 40 2-step cycles of 5 seconds at 95 °C and 20 seconds at 60 °C.
[0091] Beta-actin was successfully amplified using pieces of example 3 and comparative example 2. The Ct values
are shown in Table 1. The result shows that the DNA purified in example 3 has comparable/better amount as in comparative example 2.

35

Table 1
Ct values
40

pieces from comparative example 2

29.41, 30.06, 29.49

pieces from example 3

29.23, 29.39, 29.23

Example 4: isolation without plastic housing
45
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[0092] The same amount of a sample solution prepared in the same way as in example 1 was contacted with a sample
receiving portion of a strip the same as the one used in example 1. After about 5 seconds, the sample solution was
observed to have been absorbed to the strip and the sample receiving portion’s color turned to brown.
[0093] Immediately, as is shown in FIG. 7, the first end 82 of the strip 80 was soaked in 150 ml of wash solution 84
the same as that in example 1 in a well 86 of a 96-well plate with the sample receiving portion 88 and the portion 81
between the sample receiving portion 88 and the wash solution surface 83 was not soaked in the wash solution 84. After
about 5 minutes, the sample receiving portion’s color turned back, the strip was taken out of the well 86 and dried in a
37 °C oven for 20 minutes.
[0094] A 1.2 mm-diameter piece was punched and amplified in the same system as in example 3.
[0095] The experiment was repeated once. Beta-actin gene was successfully amplified using each of the two pieces
and the Ct values were 27.99 and 28.08.
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Comparative example 3: isolation without drying

5

[0096] A quartz fiber filter strip the same as the one used in example 1 was contacted with the same amount of a
sample solution prepared in the same way as in example 1 and washed with the wash solution the same as that in
example 1 in the same way as in example 1.
[0097] Without any drying step, a 1.2 mm-diameter piece was immediately punched after washing and amplified in
the same system as in example 4. Beta-actin gene could not be successfully amplified using this piece.
Example 5: isolation using a single import
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[0098] An apparatus configured as shown in FIG. 3 was used. A prepared sample solution similar as that of example
1 was dropped through the sample opening of the plastic housing to contact with the sample receiving portion of a quartz
fiber filter strip the same as the one used in example 1.
[0099] After about 5 seconds, the sample solution was observed to have been absorbed to the sample receiving
portion of the quartz fiber filter strip and the sample receiving portion’s color turned to brown. A wash solution (150 ml,
80% ethanol solution) was then added through the sample opening of the housing to wash the sample receiving portion.
[0100] After drying in the same way as in previous examples, a 1.2 mm-diameter piece was punched at the sample
receiving portion by a Harris Uni-core 1.2 mm puncher from the solid strip and amplified in the same system as in example
4.
[0101] The experiment was repeated once. Beta-actin gene could be successfully amplified using both of the pieces
and the Ct values of the amplification were 27.76 and 28.73.
Example 6: comparative analysis with un-washed strip
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[0102] The same amount of a sample solution prepared in the same way as in example 1 was added to a strip the
same as the one in example 1. After drying, a 1.2 mm-diameter piece was punched and amplified in the same way as
in example 4.
[0103] The same amount of a sample solution prepared in the same way as in example 1 was added to a strip the
same as the one in example 1 before the strip was washed and dried in the same way as in example 1. A 1.2 mmdiameter piece was also punched and amplified as in example 4 for comparison.
[0104] Beta-actin gene could be amplified using the both pieces. Ct values are shown in Table 2 below. The Ct value
of un-washed piece was much bigger than the washed piece. That is to say, after washing, higher DNA amplification
efficiency was obtained.
Table 2
Ct value (2 replicates)

40

pieces without washing

38.93, 36.89

pieces with washing

29.59, 28.22

Example 7: comparative analysis with the human whole blood sample
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[0105] Human whole blood (2.5 ml) comprising sodium heparin (anticoagulant) was mixed with 2.5 ml of water and
was dropped onto a sample receiving portion of a strip the same as the one in example 1. After drying, a 1.2 mm-diameter
piece centered with the sample receiving portion was punched and amplified in the same way as in example 4.
[0106] A 1.2 mm-diameter piece was also punched in the same way as example 4 from a strip the same as the one
used in example 1 added with the same amount of the sample solution in the same way as in example 1, washed with
the same amount of the wash solution in the same way as in example 1 and dried in the same way as in example 1 to
be amplified in the same way as example 4 for comparison.
[0107] Each experiment was repeated once. Beta-actin gene was amplified using the four pieces. Ct values are shown
in Table 3. The Ct values of the pieces without washing were much bigger than the pieces with washing. That is to say,
without nucleic-acid solubilizing reagent etc. in preparing the sample solution, amplification still worked, but after washing,
a higher DNA amplification efficiency was obtained.

55
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Table 3
Ct value (2 replicates)
5

pieces with washing

29.36, 28.48

pieces without washing

32.42, 32.44

Example 8: comparative analysis with commercially available prototype
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[0108] A sample solution was prepared in the same way as in example 1 using 2.5 ml of human whole blood comprising
sodium heparin (anticoagulant), 0.25 ml of protease K (20 mg/ml) and 5 ml of a solution (66.87% guanidinium chloride,
and 4% Triton™ X-100). The sample solution was added to a strip the same as the one used in example 1. After the
sample solution was observed to have been sorbed, 400 ml of wash solution the same as the one used in example 1
was added to the wash portion to wash the sample receiving portion for 5 minutes.
[0109] A sample solution was prepared in the same way as in example 1 using 2.5 ml of human whole blood comprising
sodium heparin (anticoagulant) and 5 ml of lysis solution from a punch-it™ NA-sample kit obtained from Nanohelix Co.,
Ltd., Daejeon, South Korea was added to the sample receiving portion of the punch-it™ NA-sample kit. After the sample
solution was observed to have been sorbed, 400 ml of wash solution of the punch-it™ NA-sample kit was added to the
wash portion to wash the sample receiving portion for 5 minutes.
[0110] After drying in the same way as in previous examples, it was observed that the sample receiving portion of the
punch-it™ NA-sample kit still had color different from the color before the sample solution was added but the sample
receiving portion of the strip was changed back.
[0111] The experiment was repeated. Two pieces were respectively punched from the punch-it™ NA-sample kits and
the strips and amplified in the same way as in previous examples. Ct values of the two pieces from the punch-it™ NAsample kits were 31.35 and 32.13, higher than those of the strips, 28.20 and 27.78.

Claims
30

1.

sorbing a sample solution comprising nucleic acids to a sample receiving portion of a quartz fiber filter by
contacting the sample solution with the sample receiving portion; and
washing the sample receiving portion while keeping most of nucleic acids around the sample receiving portion
by flowing a wash solution through the sample receiving portion under a wicking force directed away from the
sample receiving portion.
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A method for isolating nucleic acids comprising:

2.

The method of claim 1, wherein the sample solution comprises a chaotropic salt.

3.

The method of claim 2, wherein the wash solution comprises at least one of ethanol and isopropanol.

4.

The method of claim 1, wherein the quartz fiber filter has a particle retention efficiency of about 98% for particles of
a size of no less than 2.2 mm, a basis weight of 85 g/m , and a thickness in a range of from about 300 mm to about
600 mm.

5.

The method of claim 1, wherein the quartz fiber filter comprises a wash portion distant from the sample receiving
portion and the wash solution is added to the wash portion.

6.

The method of claim 5, wherein the quartz fiber filter is an elongated strip comprising a first end, the wash portion,
the sample receiving portion, and a second end, the wash portion is located closer to the first end than to the second
end and the sample receiving portion is located closer to the second end than the wash portion.

7.

The method of claim 6, further comprising: providing a bibulous pad made of at least one of cellulose, silica microfiber
filter, glass fiber, and quartz filter, and adjacent to and vertically aligned with at least one of the wash portion and
the second end.

8.

The method of claim 6, wherein the wash portion is the first end and is soaked in the wash solution while the sample
receiving portion is located outside the surface of the wash solution in the step of washing.
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9.

5

The method of claim 1, further comprising: providing a bibulous pad made of at least one of cellulose, silica microfiber
filter, glass fiber, and quartz filter, and adjacent to and vertically aligned with the quartz fiber filter, wherein the wash
solution is added to the sample receiving portion.

10. The method of claim 1, further comprising: drying the quartz fiber filter after washing.
11. An apparatus for isolating nucleic acids, comprising:
a quartz fiber filter comprising:

10

a sample receiving portion for sorbing a sample solution comprising nucleic acids by contacting with the
sample solution and keeping most of nucleic acids around the sample receiving portion after a wash solution
flowing therethrough under a wicking force directed away from the sample receiving portion.
15

20

12. The apparatus of claim 11, wherein the quartz fiber filter has a particle retention efficiency of about 98% for particles
of a size of no less than 2.2 mm, a basis weight of 85 g/m2, and a thickness in a range of from about 300 mm to
about 600 mm.
13. The apparatus of claim 11, wherein the quartz fiber filter comprises a wash portion spatially distant from the sample
receiving portion.
14. The apparatus of claim 13, wherein the quartz fiber filter is an elongated strip comprising a first end, the wash portion,
the sample receiving portion, and a second end, the wash portion is located closer to the first end than to the second
end and the sample receiving portion is located closer to the second end than the wash portion.

25

15. The apparatus of claim 14, further comprising: a bibulous pad made of at least one of cellulose, silica microfiber
filter, glass fiber, and quartz filter, and located adjacent to and vertically aligned with at least one of the wash portion
and the second end.
30

Patentansprüche
1.

Verfahren zum Isolieren von Nucleinsäuren, umfassend:
Sorbieren einer Probenlösung, die Nucleinsäuren umfasst, in einen Probenaufnahmeabschnitt eines Quarzfaserfilters durch Kontaktieren der Probenlösung mit dem Probenaufnahmeabschnitt; und
Waschen des Probenaufnahmeabschnitt, während die meisten Nucleinsäuren um den Probenaufnahmeabschnitt gehalten werden, durch Strömen einer Waschlösung durch den Probenaufnahmeabschnitt unter einer
Dochtwirkungskraft, die vom Probenaufnahmeabschnitt weg gerichtet ist.
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2.

Verfahren nach Anspruch 1, wobei die Probenlösung ein chaotropes Salz enthält.

3.

Verfahren nach Anspruch 2, wobei die Waschlösung zumindest eines von Ethanol und Isopropanol umfasst.

4.

Verfahren nach Anspruch 1, wobei das Quarzfaserfilter ein Partikelrückhaltevermögen von ungefähr 98 % für Partikel
mit einer Größe von nicht unter 2,2 mm, einem Grundgewicht von 85 g/m2 und einer Stärke in einem Bereich von
ungefähr 300 mm bis ungefähr 600 mm aufweist.

5.

Verfahren nach Anspruch 1, wobei das Quarzfaserfilter einen Waschabschnitt umfasst, der vom Probenaufnahmeabschnitt entfernt liegt, und wobei die Waschlösung dem Waschabschnitt zugegeben wird.

6.

Verfahren nach Anspruch 5, wobei das Quarzfaserfilter ein gestreckter Streifen ist, der ein erstes Ende, den
Waschabschnitt, den Probenaufnahmeabschnitt und ein zweites Ende umfasst, wobei sich der Waschabschnitt
näher am ersten Ende als am zweiten Ende befindet und sich der Probenaufnahmeabschnitt näher am zweiten
Ende als am Waschabschnitt befindet.

7.

Verfahren nach Anspruch 6, weiter umfassend: Vorsehen eines saugfähigen Kissens, das aus zumindest einem
von Zellulose, Silikamikrofaserfilter, Glasfaser und Quarzfilter hergestellt ist und zumindest einem des Waschab-
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schnitts und des zweiten Endes benachbart und vertikal daran ausgerichtet ist.
8.

Verfahren nach Anspruch 6, wobei der Waschabschnitt das erste Ende ist und mit der Waschlösung getränkt wird,
während sich der Probenaufnahmeabschnitt im Schritt des Waschens außerhalb der Oberfläche der Waschlösung
befindet.

9.

Verfahren nach Anspruch 1, weiter umfassend: Vorsehen eines saugfähigen Kissens, das aus zumindest einem
von Zellulose, Silikamikrofaserfilter, Glasfaser und Quarzfilter hergestellt ist und dem Quarzfaserfilter benachbart
und vertikal daran ausgerichtet ist, wobei die Waschlösung dem Probenaufnahmeabschnitt zugegeben wird.
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10. Verfahren nach Anspruch 1, weiter umfassend: Trocknen des Quarzfaserfilters nach dem Waschen.
11. Vorrichtung zum Isolieren von Nucleinsäuren, umfassend:
ein Quarzfaserfilter, umfassend:

15

einen Probenaufnahmeabschnitt zum Sorbieren einer Probenlösung, die Nucleinsäuren umfasst, durch
Kontaktieren der Probenlösung und Halten der meisten Nucleinsäuren um den Probenaufnahmeabschnitt,
nachdem eine Waschlösung unter einer Dochtwirkungskraft, die vom Probenaufnahmeabschnitt weg gerichtet ist, dort hindurch strömt.

20

12. Vorrichtung nach Anspruch 11, wobei das Quarzfaserfilter ein Partikelrückhaltevermögen von ungefähr 98 % für
Partikel mit einer Größe von nicht unter 2,2 mm, einem Grundgewicht von 85 g/m2 und einer Stärke in einem Bereich
von ungefähr 300 mm bis ungefähr 600 mm aufweist.
25

13. Vorrichtung nach Anspruch 11, wobei das Quarzfaserfilter einen Waschabschnitt umfasst, der vom Probenaufnahmeabschnitt räumlich entfernt liegt.
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14. Vorrichtung nach Anspruch 13, wobei das Quarzfaserfilter ein gestreckter Streifen ist, der ein erstes Ende, den
Waschabschnitt, den Probenaufnahmeabschnitt und ein zweites Ende umfasst, wobei sich der Waschabschnitt
näher am ersten Ende als am zweiten Ende befindet und sich der Probenaufnahmeabschnitt näher am zweiten
Ende als am Waschabschnitt befindet.
15. Vorrichtung nach Anspruch 14, weiter umfassend: ein saugfähiges Kissen, das aus zumindest einem von Zellulose,
Silikamikrofaserfilter, Glasfaser und Quarzfilter hergestellt ist und zumindest einem des Waschabschnitts und des
zweiten Endes benachbart und vertikal daran ausgerichtet ist.

Revendications
40

1.

la sorption d’une solution d’échantillon comprenant des acides nucléiques à une partie réceptrice d’échantillon
d’un filtre de fibres de quartz en mettant en contact la solution d’échantillon avec la partie réceptrice d’échantillon ;
et
le lavage de la partie réceptrice d’échantillon tout en maintenant la majeure partie des acides nucléiques autour
de la partie réceptrice d’échantillon en faisant couler une solution de lavage à travers la partie réceptrice d’échantillon par effet de mèche dirigé à l’opposé de la partie réceptrice d’échantillon.
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Procédé d’isolement d’acides nucléiques comprenant :

2.

Procédé selon la revendication 1, dans lequel la solution d’échantillon comprend un sel chaotropique.

3.

Procédé selon la revendication 2, dans lequel la solution de lavage comprend au moins une solution d’éthanol et
d’isopropanol.

4.

Procédé selon la revendication 1, dans lequel le filtre de fibres de quartz a un rendement de retenue de particules
d’environ 98 % pour des particules d’une taille qui n’est pas inférieure à 2,2 mm, un poids de base de 85 g/m2 et
une épaisseur dans une plage d’environ 300 mm à environ 600 mm.
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5.

Procédé selon la revendication 1, dans lequel le filtre de fibres de quartz comprend une partie de lavage distante
de la partie réceptrice d’échantillon et la solution de lavage est ajoutée à la partie de lavage.

6.

Procédé selon la revendication 5, dans lequel le filtre de fibres de quartz est une bande allongée comprenant une
première extrémité, la partie de lavage, la partie réceptrice d’échantillon et une seconde extrémité, la partie de
lavage est située plus près de la première extrémité que de la seconde extrémité et la partie réceptrice d’échantillon
est située plus près de la seconde extrémité que la partie de lavage.

7.

Procédé selon la revendication 6, comprenant en outre la fourniture d’un tampon hydrophile constitué d’au moins
l’un(e) des suivants : de la cellulose, un filtre de microfibres de silice, des fibres de verre et des fibres de quartz, et
qui sont adjacents et verticalement alignés avec au moins l’une de la partie de lavage et de la seconde extrémité.

8.

Procédé selon la revendication 6, dans lequel la partie de lavage est la première extrémité et est imbibée dans la
solution de lavage tandis que la partie réceptrice d’échantillon est située à l’extérieur de la surface de la solution
de lavage dans l’étape de lavage.

9.

Procédé selon la revendication 1, comprenant en outre la fourniture d’un tampon hydrophile constitué d’au moins
l’un des suivants : de la cellulose, un filtre de microfibres de silice, des fibres de verre et un filtre de quartz, et qui
sont adjacents et verticalement alignés avec le filtre de fibres de quartz, dans lequel la solution de lavage est ajoutée
à la partie réceptrice d’échantillon.
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10. Procédé selon la revendication 1, comprenant en outre le séchage du filtre de fibres de quartz après lavage.
11. Appareil d’isolement d’acides nucléiques comprenant :
25

un filtre de fibres de quartz comprenant :
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une partie réceptrice d’échantillon pour sorber une solution de lavage comprenant des acides nucléiques
en la mettant en contact avec la solution d’échantillon et en maintenant la majeure partie des acides
nucléiques autour de la partie réceptrice d’échantillon après l’écoulement d’une solution de lavage à travers
par effet de mèche dirigé à l’opposé de la partie réceptrice d’échantillon.
12. Appareil selon la revendication 11, dans lequel le filtre de fibres de quartz a un rendement de retenue de particules
d’environ 98 % pour des particules d’une taille qui n’est pas inférieure à 2,2 mm, un poids de base de 85 g/m2 et
une épaisseur dans la plage d’environ 300 mm à environ 600 mm.
13. Appareil selon la revendication 11, dans lequel le filtre de fibres de quartz comprend une partie de lavage spatialement
distante de la partie réceptrice d’échantillon.

40

14. Appareil selon la revendication 13, dans lequel le filtre de fibres de quartz est une bande allongée comprenant une
première extrémité, la partie de lavage, la partie réceptrice d’échantillon et une seconde extrémité, la partie de
lavage est située plus près de la première extrémité que de la seconde extrémité et la partie réceptrice d’échantillon
est située plus près de la seconde extrémité que de la partie de lavage.
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15. Appareil selon la revendication 14, comprenant en outre un tampon hydrophile constitué au moins de l’un des
suivants : de la cellulose, un filtre de microfibres de silice, des fibres de verre et un filtre de quartz, et qui sont
adjacents et verticalement alignés avec au moins l’une de la partie de lavage et de la seconde extrémité.
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