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(57) ABSTRACT 

Methods and compositions are provided for gently lysing 
and solubiliZing cells. Methods and compositions are further 
provided for quickly purifying high quality loW molecular 
Weight nucleic acid from host cells. Target cells are treated 
With a pre-chilled lysis solution having a ZWitterionic deter 
gent, for example n-Dodecyl-N,N-dimethyl-3-ammonio-1 
propanesulfonate, and a brief room-temperature incubation. 
Where nucleic acid puri?cation is required, the lysis solu 
tion-treated cells are contacted With a nucleic acid capture 

matrix having an average pore siZe of at least about 1 pm. 
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Figure 1B 
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METHODS AND COMPOSITIONS FOR 
PURIFICATION OF NUCLEIC ACID FROM A 

HOST CELL 

FIELD OF THE INVENTION 

[0001] The invention generally relates to methods and 
compositions for isolating nucleic acid from cellular 
sources. More speci?cally, the invention relates to methods 
and compositions for directly isolating loW molecular 
Weight nucleic acid, for example, extrachromosomal DNA, 
from a crude cell lysate using an ef?cient one step lysis 
composition in conjunction With a nucleic acid capture 
matrix. 

BACKGROUND OF THE INVENTION 

[0002] The ability to isolate loW molecular Weight nucleic 
acid, and extrachromosomal nucleic acid in particular, from 
a host cell is often requisite to a large number of protocols 
used in molecular biology, as Well as a basic requirement in 
a number of doWnstream uses in biotechnology and clinical 
research. For example, typical cloning protocols anticipate 
the availability of plasmid vector DNA for the transforma 
tion of target cells. The quality, i.e., level of purity and 
integrity, of the extrachromosomal nucleic acid is often 
determinative of the success of the cloning procedure, and as 
such, is a critical parameter for the entire procedure. Further, 
DNA sequencing, restriction digestion reactions and subse 
quent ligation reactions, are generally dependent on the 
quality of the starting DNA material. As such, there has 
been, and continues to be, a need for reliable methods for 
purifying high quality loW molecular Weight nucleic acid 
from host cells. 

[0003] Conventional loW molecular Weight nucleic acid 
puri?cation schemes often progress in more or less tWo 
stages: in the ?rst stage, host cells harboring the target 
nucleic acid, i.e. extrachromosomal nucleic acid, are gently 
lysed and the contents solubiliZed; and in the second stage, 
the target nucleic acid is separated from the contaminating 
protein, RNA, high molecular Weight nucleic acid (i.e. 
chromosomal DNA), and other macromolecules via one of 
several commonly used chemical or enZymatic methods. In 
general, conventional target nucleic acid puri?cation 
schemes have proven to be either labor intensive and time 
consuming, yet yielding a high quality product, or relatively 
fast and labor ef?cient, but yielding a relatively loW quality 
product. 
[0004] More particularly, one of the more commonly used 
time ef?cient methods for isolating target nucleic acid 
involves an alkaline lysis technique. The alkaline lysis 
method typically incorporates a NaOH/SDS lysis solution in 
sequential combination With a potassium acetate solution, 
and centrifugation steps to preferentially release and sepa 
rate the target nucleic acid from other contaminating mate 
rials. A separate centrifugation or ?ltration step is used to 
produce a cleared lysate. Alcohol precipitation of the cleared 
lysate is necessary to precipitate the nucleic acid. Although 
the alkaline lysis method is fairly rapid, it takes approxi 
mately 30 to 45 minutes, and the purity of the resultant 
nucleic acid is fair, i.e., useful in restriction digestions and 
other more basic detection type procedures, it does not 
provide quality extrachromosomal nucleic acid. 

[0005] In a further approach, the cleared lysate as prepared 
by the alkaline lysis procedure can be combined With a 
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chaotropic substance, for example guanidinium salt, urea 
and sodium iodide, in the presence of a DNA-binding solid 
phase (e.g. beads or other binding matrix) to purify the target 
nucleic acid. The nucleic acid is bound to the solid phase in 
a one-step reaction, Washed to remove residual contaminants 
and the nucleic acid is then eluted in loW salt buffer. 
Although methods combining alkaline lysis With the chao 
tropic bind/Wash/elute steps can provide higher quality 
nucleic acid, they are still time-consuming, taking approxi 
mately tWenty-?ve minutes, and require more handing. 

[0006] As such, there is a continuing need in the art for a 
simple and time ef?cient method, and corresponding solu 
tions, for purifying a loW molecular Weight target nucleic 
acid such as extrachromosomal DNA from host cells, and in 
particular, for methods and solutions for purifying plasmid 
DNA from host cells. Against this backdrop the present 
invention has been developed. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a one-step method 
for lysing and isolating loW molecular Weight nucleic acid 
from host cells, using a single solution and a nucleic acid 
capture matrix. In a preferred embodiment, the lysis solution 
is pre-chilled to enhance nucleic acid purity. In a further 
preferred embodiment, the nucleic acid capture matrix com 
prises a capture matrix material having a pore siZe of at least 
1 pm. In contrast to prior art protocols, loW molecular Weight 
nucleic acid can be isolated quickly (approximately 8 to 10 
minutes) and easily (feW reagents required) folloWing the 
methods described herein at high yield and purity. 

[0008] Preferably, the loW molecular Weight nucleic acid 
isolated folloWing the methods and compositions of the 
invention has a AZGO/280 ratio of from about 1.7 to 1.9, and 
has minimal protein contamination as determined by visual, 
i.e. photometric, detection methods, i.e., standard gel elec 
trophoresis and like methods. More preferably, loW molecu 
lar Weight nucleic acid isolated using the methods and 
compositions of the invention can typically be sequenced for 
at least 600 bases, i.e., having a 600 quality score 220 
per sample (CodonCode softWare, PHRED Interphace) 
(PHRED qZZO score of 600). 

[0009] One embodiment of the present invention provides 
a lysis composition for purifying loW molecular Weight 
nucleic acid from host cells. The lysis composition prefer 
ably comprises a buffering agent and a detergent. In a 
particularly preferred embodiment, the detergent comprises 
a non-ionic detergent or a ZWitterionic detergent, for 
example, n-Decyl-N,N-dimethyl-3-ammonio-1-propane 
sulfonate. In additional embodiments, the lysis composition 
further comprises a salt, polyethylene glycol, lysoZyme, 
and/or RNase. 

[0010] In a further preferred embodiment, the lysis solu 
tion is pre-chilled prior to its addition to host cells. 

[0011] In another embodiment of the invention a kit is 
provided for purifying loW molecular Weight nucleic acid 
from host cells. Preferably, the kit includes a nucleic acid 
capture matrix and a lysis composition comprising a buff 
ering agent, a non-ionic or ZWitterionic detergent, and 
optionally a salt, polyethylene glycol, lysoZyme and/or 
RNase. In a particularly preferred embodiment, the nucleic 
acid capture matrix comprises a capture matrix material 
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incorporated into a spin column having an average pore size 
of at least about 1 pm, and more preferably at least about 3 
pm. 

[0012] Another embodiment of the present invention is a 
method for purifying loW molecular Weight nucleic acid 
from host cells. The method includes the steps of adding a 
lysis composition to the host cells, Wherein the lysis com 
position comprises from 0.2% to 6% ZWitterionic or non 
ionic detergent and is preferably pre-chilled prior to use, 
combining the released loW molecular Weight nucleic acid 
With a nucleic acid capture matrix, and eluting the captured 
loW molecular Weight nucleic acid into a capture tube. In 
alternative embodiments, the lysis composition is incubated 
on the host cells at room temperature for at least 2 minutes, 
and more preferably at least 3 minutes prior to the addition 
to the nucleic acid capture matrix. 

[0013] Additionally, the methods and compositions of the 
present invention can also be modi?ed, as described in 
greater detail beloW, for the preferential isolation of solubi 
liZed protein, RNA, BACs, and high molecular Weight 
nucleic acid. In these further embodiments, a lysis solution 
comprising a buffer and ZWitterionic detergent are employed 
in conjunction With the appropriate ingredient for high yield 
and quality puri?cation of the target macromolecule, for 
example RNase, lysoZyme, or DNase. 

[0014] These and various other features as Well as advan 
tages Which characterize the invention Will be apparent from 
a reading of the following detailed description and a review 
of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A and 1B illustrate isolated plasmid DNA 
as visualiZed on a stained 0.5% agarose gel (1A) and 
graphically (1B) Where the cells Were incubated With Lysis 
solution for various amounts of time at room temperature. 
The graph illustrates both concentration and A212 absor 
bance readings for each condition. 

[0016] FIG. 2 illustrates plasmid DNA as visualiZed on a 
stained 0.5% agarose gel Where the type of detergent used in 
the Lysis buffer has a dramatic effect on both the yield and 
quality of the puri?ed plasmid DNA. The DNA Was isolated 
on a glass ?ber (second 1-12) plate. 

[0017] FIG. 3 illustrates plasmid DNA as visualiZed on a 
stained 0.5% agarose gel Where the cells Were incubated 
With room temperature Lysis solution, 4° C. Lysis solution, 
or 0° C. Lysis solution. 

[0018] FIG. 4 illustrates that the type of NA capture 
matrix material and the pore siZe of that matrix have an 
effect on both yield and quality of the puri?ed plasmid DNA. 
Isolated plasmid DNA Was visualiZed on a stained 0.5% 
agarose gel. 

[0019] FIG. 5 illustrates that the methods and Lysis lysis 
solution of the present invention is useful in isolating 
different plasmid vectors from different types of host cells. 
Plasmid DNA samples Were visualiZed on a stained 0.5% 
agarose gel. 

[0020] FIG. 6 illustrates that the plasmid DNA isolated 
via the methods and Lysis lysis solution of the present 
invention provide adequate template DNA for PCR. PCR 
products Were visualiZed on a stained agarose gel. 
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[0021] FIGS. 7A and 7B illustrate that the Lysis lysis 
method provides excellent concentrations and yields, com 
parable or better, to the QIAgen, Invitrogen, BioRad or 
Promega kits via a spectrophotometric analysis. FIG. 7A 
shoWs lysis method DNA (labeled on the gel as FastPlasmid 
DNA) compared to QIAgen prepared DNA. FIG. 7B 
graphically compares concentration from lysis method pre 
pared DNA of the present invention to DNA prepared via 
QIAgen, Invitrogen, BioRad and Promega. 

[0022] FIG. 8 illustrates the sequencing quality, via a 
sequencing trace, of DNA isolated using the methods and 
Lysis solutions of the present invention. 

[0023] FIG. 9 illustrates the quality of DNA isolated using 
the methods and Lysis solutions of the present invention via 
a restriction endonuclease reaction as compared to other 
commonly used DNA isolation kits. 

[0024] FIGS. 10A and B illustrate that a solution of PEG, 
salt and buffer can drive nucleic acid binding to silica 
particles. In A and B, the isolated plasmid DNA is visualiZed 
via a 0.5% agarose gel. 

[0025] FIG. 11 illustrates that the Lysis solution can be 
added directly to a liquid bacterial culture and high quality 
plasmid DNA isolated using the methods and materials of 
the present invention. Isolated DNA samples Were visual 
iZed on a stained agarose gel. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] De?nitions: 

[0027] The folloWing de?nitions are provided to facilitate 
understanding of certain terms used herein and are not meant 
to limit the scope of the present disclosure. 

[0028] “A26O/28O” refers to a commonly used nucleic acid 
quantitation technique Where the sample to be tested is 
measured for absorption at approximately 260 nm and 280 
nm. The ratio of absorbance at 260 to 280 is used as an 
indicator of nucleic acid purity. Protein contaminants tend to 
loWer the ratio beloW about a ratio of 1.6 and RNA con 
taminants tend to raise the ratio to above 1.9-2.0. 

[0029] “A212” refers to a single absorbance reading used 
to aid in the detection of protein contamination in a nucleic 
acid-containing sample. For example, a sample having a 
high A212 reading likely has some level of protein contami 
nation in the sample, Which When combined With the A26O/ 
280 ratio and gel agarose analysis is indicative of the sam 
ple’s quality. Areading of 10 is considered high for purposes 
of the present invention. 

[0030] “Host cell” refers to cells containing a target 
nucleic acid molecule, for example a heterologous nucleic 
acid molecule such as a plasmid or other loW molecular 
Weight nucleic acid, in Which case the host cell is typically 
suitable for replicating the nucleic acid molecule of interest. 
Examples of suitable host cells useful in the present inven 
tion include, bacterial, yeast, insect and mammalian cells. 
Speci?c examples of such cells include, SF9 insect cells, 
(Summers and Smith, 1987, Texas Agriculture Experiment 
Station Bulletin, 1555), Chinese Hamster Ovary (CHO) cells 
(Puck et al., 1958, Proc Natl Acad Sci USA 60:1275-1281), 
E. Coli DHSO. cells, as Well as various other bacterial cell 
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sources, for example the E. Coli strains: DH10b cells, 
XL1Blue cells, XL2Blue cells, Top10 cells, HB101 cells, 
and DH12S cells. 

[0031] As used herein, “nucleic acid” or “NA” refers to 
both a deoxyribonucleic acid and a ribonucleic acid. As used 
herein, “nucleic acid sequence” refers to the order or 
sequence of deoxyribonucleotides or ribonucleotides along a 
strand. They may be natural or arti?cial sequences, and in 
particular genomic DNA (gDNA), complementary DNA 
(cDNA), messenger RNA (mRNA), transfer RNA (tRNA), 
ribosomal RNA (rRNA), hybrid sequences or synthetic or 
semisynthetic sequences, oligonucleotides Which are modi 
?ed or otherWise. These nucleic acids may be of human, 
animal, plant, bacterial or viral origin and the like. They may 
be obtained by any technique knoWn to persons skilled in the 
art, and in particular by the screening of libraries, by 
chemical synthesis or by mixed methods including the 
chemical or enZymatic modi?cation of sequences obtained 
by the screening of libraries. They may be chemically 
modi?ed, e.g. they may be pseudonucleic acids (PNA), 
oligonucleotides modi?ed by various chemical bonds (for 
example phosphorothioate or methyl phosphonate), or alter 
natively oligonucleotides Which are functionaliZed, e.g. 
Which are coupled With one or more molecules having 
distinct characteristic properties. 

[0032] In the case of deoxyribonucleic acids, they may be 
single- or double-stranded, as Well as short oligonucleotides 
or longer sequences. In particular, the nucleic acids advan 
tageously consist of plasmids, vectors, episomes, expression 
cassettes and the like. These deoxyribonucleic acids may 
carry genes of therapeutic interest, sequences for regulating 
transcription or replication, anti-sense sequences Which are 
modi?ed or otherWise, regions for binding to other cellular 
components, and the like. 

[0033] “LoW molecular Weight nucleic acid” as used 
herein refers to heterologous extrachromosomal pieces of 
nucleic acid, for example plasmids, having a base length of 
approximately 2 kb to 20 kb, and in some aspects from 2 kb 
to 8 kb. In a preferred embodiment, the loW molecular 
Weight nucleic acid of the invention comprises a plasmid, 
Where the plasmid has an origin of replication or replicator, 
a selectable marker and a cloning site. In some instances the 
loW molecular Weight nucleic acid is supercoiled. Example 
plasmids useful in the invention include pUC19, pUC18, 
pBS2, pEGFP, pBR322, and the like. In addition, loW 
molecular Weight nucleic acid is envisioned to encompass 
other forms of nucleic acid, for example, RNA. 

[0034] “High quality nucleic acid” as used herein gener 
ally refers to nucleic acid associated With a suf?ciently loW 
level of contaminants such that it can be digested by 
appropriate restriction endonuclease enZymes and can be 
used directly in conventional transformation and transfec 
tion procedures, i.e., no further substantial processing of the 
nucleic acid is required. Preferably, such high quality 
nucleic acid has aAZGO/280 ratio of from about 1.6 to 2.0 and 
more preferably from about 1.7 to 1.9. Alternatively and/or 
additionally, such high quality nucleic acid can be sequenced 
for up to at least 400 bases using standard sequencing 
techniques, and more preferably for up to 600 bases, typi 
cally having a PHRED score qi20. 

[0035] “Isolated” and “puri?ed” for purposes of the 
present invention are interchangeable, and refer to a poly 
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nucleotide, for example loW molecular Weight nucleic acid, 
that has been separated from cellular debris, for example, 
high molecular Weight DNA, RNA and protein. This Would 
include an isolated RNA sample that Would be separated 
from cellular debris, including DNA. 

[0036] “Nucleic acid capture matrix” refers to a media or 
material used for capturing the loW molecular Weight nucleic 
acid of the present invention, including, e.g., capture matrix 
materials typically composed of silica, nylon, carboxy, and 
the like as Well as silica-based beads, including silica-coated 
magnetiZed beads. Typically, the capture matrix material of 
the present invention comprises ?ber ?lters having a pore 
siZe of greater than 1 pm, and more typically greater than or 
equal to 3 pm. The nucleic acid capture matrix or “NA 
capture matrix” of the present invention may further com 
prise one or more distinct layers of capture matrix material 
for capture of the loW molecular Weight nucleic acid. It 
should be noted that Where multiple layers of matrix mate 
rial are used, the materials need not be the same in or 
betWeen each layer of material. In particularly preferred 
embodiments, the NA Capture Matrix is supported by a frit 
and incorporated into a conventional spin column or similar 
device. 

[0037] “PHRED” or “PHRED score” refers to a softWare 
program used to measure DNA sequence quality. The soft 
Ware is purchased from CodonCode Corporation, version 
0.020425 .c. For purposes of the present invention, a PHRED 
q20 score of 600 is equivalent to approximately 730 bases at 
>98.5% accuracy. 

[0038] “Polyethylene glycols” or “PEGs” useful in the 
present invention are commercially available diols having a 
molecular Weight of from 2,000 to 10,000 daltons, and more 
preferably about 8,000 daltons. The use of PEG having other 
molecular Weight constraints, for example higher than 
10,000 daltons, is also contemplated for use in the compo 
sitions and methods of the present invention, although 
perhaps not as effective at providing a high yield/quality 
product. 

[0039] “Detergent” as used herein refers to any 
amphiphilic molecule having the property of being inserted 
into biological membranes and destabiliZing them. This 
results from the capacity of detergent molecules to rupture 
the membranes by becoming inserted into the phospholipid 
double layers and by solubiliZing the lipids and the proteins 
(La Cellule, Ed. Vigot and Decarie, 1988, pp. 581-583). 

[0040] “ZWitterionic” detergent refers to detergents exhib 
iting ZWitterionic character, including for example sulfobe 
taines sold under the brand names ZWittergentTM and AnZer 
gentTM. Particularly suitable detergents are the folloWing: 
N-dodecyl-N,N-dimethylammonio-3-propane sulfate or the 
corresponding N-tetradecyl or N-hexadecyl compound (type 
“ZWittergent”: ZWittergent 3-14, 3-16), N-dodecyl-N,N 
dimethyl-glycine (Empigen BB.RTM.), aminoxide, 
CHAPS, CHAPSO and .alpha.-lecithin (.alpha.-phosphati 
dylcholin) or .alpha.-lysolecithin (.alpha.-lysophosphatidyl 
cholin). 
[0041] The invention provides methods and compositions 
for lysing and solubiliZing host cells. In particular, the 
invention provides a simple three to ?ve minute procedure 
that utiliZes a single solution for lysing and releasing the 
contents of a cell and contemporaneously solubiliZing the 
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majority of the cell’s protein. Embodiments of the present 
invention include methods and solutions for the preferential 
isolation of loW molecular Weight nucleic acid, e.g., extra 
chromosomal DNA, RNA, or other regions of DNA from the 
host cell, as Well as the preferential separation of protein 
from nucleic acid from a host cell. 

[0042] In one preferred embodiment, methods and com 
positions are provided for purifying loW molecular Weight 
nucleic acid, for example plasmid DNA, from target host 
cells. In particular, plasmid DNA is puri?ed from host 
bacterial cells at high yields and at a quality useful in cloning 
procedures, restriction digest reactions, and in sequencing 
reactions. The methods of the invention utiliZe a single 
solution to lyse the bacterial cells and bind nucleic acid. LoW 
molecular Weight nucleic acid is released from host cells and 
captured on a nucleic acid capture matrix directly from the 
crude lysate. The matrix is Washed With an appropriate Wash 
buffer and eluted in a ?nal end-use condition. The entire 
procedure can be performed in less than 10 minutes and in 
preferred embodiments can be performed in approximately 
8 or feWer minutes. 

[0043] Lysis Solutions: 

[0044] The invention is based upon, among other things, a 
lysis solution comprising a buffering ingredient and a deter 
gent. In preferred embodiments, the detergent is a ZWitteri 
onic detergent, and in particular a detergent selected from 
the group that includes, but is not limited to, n-Tetradecyl 
N,N-dimethyl-3-ammonio-1-propanesulfonate, n-Octyl-N, 
N-dimethyl-3-ammonio-1-propanesulfonate, n-Decyl-N,N 
dimethyl-3-ammonio-1-propanesulfonate, n-Dodecyl-N,N 
dimethyl-3-ammonio-1-propanesulfonate, and the like. Note 
that other ZWitterionic detergents are envisioned to be Within 
the scope of the present invention, especially those ZWitte 
rionic detergents that have like properties to the enumerated 
ZWitterionic detergents above. Embodiments of this solution 
are capable of lysing target host cells and solubiliZing a 
majority of the cellular protein. In further preferred embodi 
ments, the lysis solution of the present invention can be used 
in conjunction With other nucleic acid isolation methods, for 
example a high concentration of chaotropic salt, to drive the 
binding of nucleic acid to a solid support matrix. Preferred 
buffer/detergent embodiments of the solution include 
lysoZyme and either DNase or RNase. 

[0045] In additional embodiments, it is also contemplated 
that the above-described lysis solution may further comprise 
a chelating agent, a salt, polyethylene glycol, lysoZyme, and 
RNase or DNase. As Will be appreciated by those of skill in 
the art, the RNase, for removal of RNA in a DNA puri?ca 
tion procedure, or DNase, for removal of DNA in a RNA 
puri?cation procedure, are technically not required to purify 
the target nucleic acid using the methods of the present 
invention, but nucleic acid yield and purity are improved 
signi?cantly by inclusion of these ingredients. Further, the 
inclusion of lysoZyme has a signi?cant impact on resultant 
yields, and is particularly preferred as an additional ingre 
dient of the lysis solution of the present invention. Inclusion 
of these components are contemplated for use in nucleic 
isolation methods in accordance With the present invention. 

[0046] In a preferred embodiment, the buffer component 
of the lysis solution is Tris-Cl having a pH of approximately 
8, although other buffering compounds are contemplated. 
Typically, the ?nal concentration of Tris-Cl in the lysis 
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solution is from about 0 to about 200 mM, and preferably 
from about 15 to 75 mM. Note that the buffering component 
of the solution can be modi?ed so that little or no pH 
modi?cation of the ?nal solution is required. For example, 
the buffer component can be a combination of Tris-amino 
and Tris-amino hydrochloride to provide a ?nal lysis solu 
tion pH of approximately 7.9 to 8.4. One illustrative com 
bination is to include approximately 17 mM Tris amino With 
28 mM Tris amino hydrochloride in the ?nal lysis solution. 
Other buffering combinations can be used to obtain the 
appropriate lysis solution pH, Which as mentioned above, is 
optimally from 7.9 to 8.4. 

[0047] The preferred salt for use in the lysis solution is any 
common salt used in nucleic acid precipitation, for example, 
NaCl, NH4C1, NH4SO4, MgCl2, and the like. In preferred 
embodiments, the salt is NaCl, due partly to its availability 
and relative loW cost. Final concentrations of salt in the lysis 
solution preferably range from 200 to 800 mM and more 
preferably about 400 mM. 

[0048] The preferred chelating agent for use in the lysis 
solution is EDTA, but it is contemplated that EGTA can also 
be used. Final concentrations of EDTA of from 0 to 20 mM, 
and preferably about 9 mM, are useful in embodiments of 
the present invention. 

[0049] The preferred molecular Weight of polyethylene 
glycol (PEG) for use in the present invention is about 2,000 
to 10,000 daltons, and more preferably about 8,000 daltons. 
Typically, ?nal PEG concentration in the lysis solution is 
from 2 to 20% and preferably from 2 to 8%. Note that PEG 
is prepared by using techniques Well knoWn in the art, for 
example by heating to an appropriate temperature and 
?ltering to remove particulates. Surprisingly, PEG having 
higher molecular Weight may have deleterious effects on the 
quality of the puri?ed loW molecular Weight nucleic acid of 
the present invention. 

[0050] Typically, embodiments of the lysis solution 
include lysoZyme, for example egg White lysoZyme or 
recombinant lysoZyme, at a ?nal concentration of from 
approximately 300 to 2,000 pig/ml, and preferably from 800 
to 1,200 pig/ml. In addition, RNase (or DNase Where the 
puri?cation target is RNA), for example RNase A, RNase 1, 
RNase T1, is preferably included in the Lysis solution at a 
concentration of from 200 to 400 pig/ml. In both cases, the 
lysoZyme or RNase is stored as a lyophiliZed poWder or in 
solution. For example, RNase is typically stored in a 100 
mM NaCl, 10 mM Tris, and 1 mM EDTA solution. Note that 
the lysoZyme and RNase are required for optimiZed yield, 
i.e., full release of the nucleic acid, and removal of RNA 
contaminants, respectively, and can be included at higher 
concentrations than disclosed above, but With limited 
enhancement in yield and quality. LysoZyme, RNase and 
DNase are commercially available. 

[0051] The lysis solution also includes a detergent at a 
?nal concentration of from about 0.2% to 6%, and prefer 
ably from about 2 to 4%. Note that loWer amounts of 
detergent can be used in the solutions of the present inven 
tion, especially Where the concentration of cells being lysed 
and solubiliZed is loW. Further, although higher levels of 
detergent are contemplated for use in the present invention, 
they may not add additional functional value and thus are 
less preferred. 
[0052] Typically, the detergent is either an ionic detergent, 
non-ionic detergent, or a ZWitterionic detergent. Typical 
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ionic detergents for use in the present invention include, but 
are not limited to Deoxycholic Acid. Typical non-ionic 
detergents for use in the present invention include, but are 
not limited to, Triton X-100, Apo 10, Apo 12 and NP40. 
Typical ZWitterionic detergents include, but are not limited 
to, CHAPS and sulfobetaines, the sulfobetaine detergents 
sold under the brand name ZWittergentTM and AnZergentTM, 
for example. Note also that in some cases a non-detergent 
ZWitterionic material can also be used, but is not preferred. 

[0053] In preferred embodiments of the present invention 
the detergent is a ZWitterionic detergent, for example, sold 
under the brand names ZWittergentTM and AnZergentTM, 
having the chemical names of: n-Tetradecyl-N,N-dimethyl 
3-ammonio-1-propanesulfonate, n-Octyl-N,N-dimethyl-3 
ammonio-1-propanesulfonate, n-Decyl-N,N-dimethyl-3 
ammonio-1-propanesulfonate, and n-Dodecyl-N,N 
dimethyl-3-ammonio-1-propanesulfonate. One preferable 
detergent for use in the present invention is n-Decyl-N,N 
dimethyl-3-ammonio-1-propanesulfonate. Note that deter 
gents of the present invention can be purchased under the 
brand names, for example, of: AnZergent 3-14, Analytical 
Grade; AnZergent 3-8, Analytical Grade; AnZergent 3-10, 
Analytical Grade; AnZergent 3-12, Analytical Grade, respec 
tively or ZWittergent 3-8, ZWittergent 3-10, ZWittergent 3-12 
and ZWittergent 3-14, CHAPS, CHAPSO, Apo10 and 
Apo12. 

[0054] Note that it is also envisioned that compatible 
detergents for use in the present invention can be mixed 
together to provide the requisite detergent composition (?nal 
concentration) for use in the lysis solution. For example, a 
detergent having a ?nal concentration of 2% in the lysis 
solution can be composed of a 50:50 mixture of n-Decyl 
N,N-dimethyl-3-ammonio-1-propanesulfonate:n-Dodecyl 
N,N-dimethyl-3-ammonio-1-propanesulfonate. 

[0055] Further, it is envisioned that other constituents can 
be included in embodiments of the lysis solution, for 
example, a chaotropic salt at concentrations of betWeen 50 
mM and 6M, and preferably betWeen 200 mM and —400 
mM, can be included in the solution to assist in the dena 
turation of proteins. Further, an alcohol, like isopropanol, 
may be included in the solution at concentrations of betWeen 
0.5% to 25%, to assist in the precipitation of the loW 
molecular Weight nucleic acid. 

[0056] During the preparation of the lysis solution, the 
lysoZyme, RNase (or DNase), and detergent should be added 
after the other components of the solution have been brought 
to a pH of from 7.9 and 8.4, and preferably to a pH of about 
8.1. Where modi?cation of the pH is necessary, any number 
of Well knoWn acids or bases in the art, for example, HCl or 
NaOH, can be used. 

[0057] Note also that as discussed above, the pH of the 
lysis solution should be fairly close to the acceptable range 
by preparing the solution With the appropriate amounts and 
compositions of buffering solutions. 

[0058] The lysis solution is preferably stored at 4° C., 
although it is envisioned that storage can also be at room 
temperature. Typically, solutions can be stored for up to 3 
months. HoWever, it is also envisioned that the lysis solution 
in the absence of RNase, DNase, and lysoZyme can be stored 
for up to one to tWo years. The lysoZyme, RNase and DNase 
may be advantageously added at the time of use from a 
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concentrated solution or as noted above from a lyophiliZed 
poWder When longer storage times are required. 

[0059] In a particularly preferred embodiment, the lysis 
solution is added to target host cells at a temperature of from 
about 0° C. to 10° C., more preferably 1° C. to 80 C., most 
preferably 0° C. to 4° C., generally in the range of about 2° 
C. to 6° C. As used herein, the term “pre-chilled” as used 
herein refers to the lysis composition of the present inven 
tion Within the foregoing temperature ranges. As such, When 
a lysis procedure is anticipated, the lysis solution should be 
placed on ice for a sufficient period of time prior to use With 
the host cells to achieve the requisite temperature. 

[0060] Table 1 provides an illustrative lysis solution for 
use in the methods of the present invention. 

TABLE 1 

Illustrative Lysis Solution 

Ingredient Preferred Ingr. Final Conc. Units 

Buffer Tris-Cl (pH 8) 45 mM 
Chelating agent EDTA 9 mM 
Salt NaCl 400 mM 
PEG MW 8000 8 % 
RNase RNase A 305 ,ug/ml 
Lysozyme Egg White Lysozyme 1000 ,ug/ml 
Detergent n-Decyl-N,N- 3 % 

dimethyl-3-ammonio 
l-propanesulfonate 

[0061] Lysis and SolubiliZation Method 

[0062] The methods of the present invention are used to 
lyse and solubiliZe target host cells using embodiments of 
the above-described lysis solution. For purposes of lysing 
and solubiliZing the target cells, the lysis solution comprises 
a buffering agent and a detergent, preferably a ZWitterionic 
detergent. In particularly preferred embodiments, the lysis 
solution further comprises lysoZyme. The lysis solution can 
also include other optional constituents as described above, 
dependent on the anticipated use of the lysed and solubiliZed 
material. For example, Where isolation of RNA is antici 
pated, inclusion of DNase is advantageous, or Where isola 
tion of a DNA plasmid vector is anticipated, the lysis 
solution may include RNase. 

[0063] In a preferred embodiment, the method comprises 
vortexing or mixing the cells With a pre-chilled lysis solution 
for a period of from 10 to 30 seconds, folloWed by a one to 
ten minute, and more preferably three to ?ve minute, room 
temperature incubation. This preferred method of the inven 
tion provides a compatible procedure to an alkaline lysis 
procedure, taking less than half the time and generally 
providing a higher quality product, i.e., cleared lysate. 

[0064] Lysis Method and Nucleic Acid Puri?cation 

[0065] The methods of the present invention further 
include performing a one-solution puri?cation procedure on 
host cells that harbor target loW molecular Weight nucleic 
acid molecules. The procedure results in the isolation of the 
loW-molecular Weight nucleic acid, for example plasmid 
DNA, directly from the lysed cells, i.e., directly from the 
crude cell lysate. Typically, using the methods and compo 
sitions of the present invention, the loW molecular Weight 
nucleic acid is released from the host cells, and a substantial 



US 2004/0180445 A1 

majority of the host cellular protein is solubiliZed by the 
composition embodiments of the present invention. The 
released loW-molecular Weight nucleic acid is captured from 
the crude cell lysate by a nucleic acid capture matrix, and 
Washed on that matrix in an alcohol-based buffer. The 
resultant captured loW molecular Weight nucleic acid is 
eluted from the capture matrix in an appropriate buffer, 
typically at a high yield and excellent quality. As such, 
following the methods of the present invention a single 
buffer is utiliZed to lyse the host cell and bind/capture the 
target loW-molecular Weight nucleic acid on a solid support, 
i.e., the nucleic acid capture matrix. The entire process, as 
more fully described beloW, can be performed in approxi 
mately eight to ten minutes, and requires only standard 
laboratory equipment. 

[0066] In more detail, bacterial or other appropriate host 
cells are transformed With target loW molecular Weight 
nucleic acid, as is Well knoWn in the art. The host cells are 
groWn to a target concentration (typically 5><108 to 20><108 
cells/ml or A600 of betWeen 1 and 4 OD units), harvested, 
and spun doWn, as is also Well knoWn in the art. The LB 
groWth media (or any other solution on the cells) is decanted 
off of the cell pellet, and pre-chilled lysis solution (0° C. to 
4° C.) of the present invention added to the cell pellet. 
Typically, approximately 400 pl of lysis solution is added for 
each 1.5 ml of culture material, although this may be 
modi?ed to optimiZe for cell concentration and lysis solution 
compositions, for example, a loWer concentration of deter 
gent can be included in the lysis solution Where a smaller 
number of cells is being treated. Note that in an alternative 
embodiment of the present invention, the lysis solution is 
added directed to the cell culture, i.e., prior to the cells being 
spun doWn and groWth media decanted off of the cell pellet. 
Typically, a ratio of about 2: 1 to about 1:3 cells:lysis solution 
is combined, the ratio dependent on the cell concentration, 
embodiment of the lysis solution and other like parameters. 
Although addition of the lysis solution directly to the cells 
removes the centrifugation step required for removal of the 
groWth media, it may result in slightly increased protein 
contamination of the isolated nucleic acid during the lysis 
puri?cation method, due to the higher levels of potentially 
contaminating material in the starting material. Neverthe 
less, Where such contaminants are of less concern or time is 
of the essence the present invention enables a further reduc 
tion in the requisite handlings steps. 

[0067] The lysis solution, the composition of Which is 
discussed in greater detail beloW, is continuously vortexed or 
mixed on the host cells for approximately 10 to 30 seconds, 
and more preferably for about 20 seconds. The re-suspended 
cell mixture is next incubated at room temperature for a 
period of from one to ten minutes, and more preferably from 
three to ?ve minutes, and most preferably about ?ve min 
utes. The room temperature incubation results in the sub 
stantial release of the loW-molecular Weight nucleic acid 
from the host cells and the solubiliZation of a substantial 
portion of the host cellular protein. Note, shorter lysis 
solution room temperature incubations can be used in con 
junction With the present invention, although the yield of 
loW molecular Weight nucleic acid is correspondingly loWer. 
In addition, longer room temperature lysis incubations may 
be used, but little improvement in loW molecular Weight 
nucleic acid yield or quality is typically observed beyond the 
?ve to ten minute incubation. 
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[0068] The inclusion of the pre-chilled lysis buffer on the 
host cells, and subsequent room temperature incubation, 
provides a temperature gradient during Which host cell 
proteins are solubiliZed by the lysis buffer. Without being 
bound by theory, it is believed that this aspect of the present 
method takes advantage of different cellular proteins solu 
bility over a range of temperatures (from 0° C.-4° C. to room 
temperature) and to some extend pH changes (due to the 
temperature change of the buffer). HoWever, it is envisioned 
that lysis buffer temperature and host cell incubation tem 
perature can be modi?ed in relation to the methods of the 
present invention, With some effect on the overall yields and 
purity of loW molecular Weight nucleic acid. 

[0069] After the room temperature incubation, the 
released loW molecular Weight nucleic acid and solubiliZed 
cellular debris is transferred to a spin column having at least 
one layer of nucleic acid (NA) capture matrix (preferred 
embodiments can have a second and/or third layer of NA 
capture matrix incorporated into the spin column). The 
above mixture is spun through the spin device at approxi 
mately 14,000 RPM (20,000><G) for approximately 30 sec 
onds using a mini- or micro-centrifuge (one of skill in the art 
Will recogniZe that other speeds and times can be used in the 
context of the present invention as long as the ?uid is pulled 
through the spin column, as is Well knoWn in the art). Note 
that other procedures can be used in this aspect as Well, for 
example vacuum ?ltering and the like of the material 
through the nucleic acid capture matrix. 

[0070] In an alternative embodiment, NA capture matrix 
material is included directly in the lysis buffer and added 
directly to the host cells during the room temperature lysis 
buffer/host cell incubation. In such cases, the lysis buffer/ 
nucleic acid capture matrix must be thoroughly mixed 
before addition to the host cell pellet so that the matrix is 
thoroughly re-suspended. 

[0071] The NA capture matrix binds a portion of the 
released loW molecular Weight nucleic acid from the cellular 
debris, i.e., crude lysate. Surprisingly, nucleic acid capture 
matrix With a pore siZe of greater than 1-2 pm is preferred 
for use in the invention, and preferably, multiple layers of 
nucleic acid capture matrix, each having pore siZes of at 
least 1-2 pm is used during capture of the loW molecular 
Weight nucleic acid. Note that matrix materials having pore 
siZes of less than 1-2 pm are also envisioned for use in the 
present invention, but display a tendency to become clogged 
and require additional processing not necessary With the 
larger pore materials. In addition, the larger pore materials 
preferred for use herein tend to provide superior capture 
characteristics in conjunction With the invention not present 
in smaller pore materials 

[0072] In order to maximiZe the purity of the captured loW 
molecular Weight nucleic acid, one or more Wash steps is 
performed on the loaded nucleic acid capture matrix. The 
Wash buffer is typically a 20 mM Tris-Cl, pH of 7.2, 0.2 M 
NaCl, and 2 mM EDTA, pH of 8.0)/isopropanol solution. 
Typically, the ratio of Tris bufferzIsopropanol is about 
30-35170-65, and is preferably about 32.5:67.5 (note that 
other like alcohols can be used in place of isopropanol, for 
example ethanol). Note that other Wash buffer compositions 
can be used With the present invention as long as they 
preferentially dissociate contaminants to loW molecular 
Weight nucleic acid from the capture matrix. The Wash step 






















