Met hod for the selective enrichnment of doubl e-stranded DNA from nucl eic
acid mxtures The present invention;relates to a nmethod for the
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whi ch deal specifically with this subject. In analytical applications,
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Tosoh Biosciences), but capillary gel electrophoretic methods and a series of molecular
20  biological techniques relating to sequence-specific hybridisations (e.g. those called riple

helix, etc.) are also used.

Some chromatographic technologies (PlasmidSelect resin from GE Healthcare and other HIC
resins), which however are characterised by complex handling, high capital costs and above
25 all by low vield efficiencies, are described for preparative processing of pDNA on a pilot and

a production scale.

Recently, there have also been publications relating to the use of tWo—phase separations for
the preparative isolation of plasmid DNA. In the works mentioned hereinafter, however, the .
30 problem of separating single-stranded DNA from double-stranded DNA has not been
described at all or not technically satisfactorily, cf. for example Kepka C, Rhodin J, Lemmens
R, Tjerneld F, Gustavsson P-E., 2004, Extraction of plasmid DNA from Escherichia coli cell
lysate in a thermoseparating aqueous two-phase system*1, Journal of Chromatography A
1024(1-2): 95-104.; Frerix, A., Miiller, M., Kula. M.-R., and Hubbuch J. Scalable recovery of



1024(1-2): 95-104.; Frerix, A, Miller, M, Kula. M-R, and Hubbuch J.
Scal abl e recovery of 2 plasm d DNA based.on aqueous two-phase
separation, Biotechnol. Appl. Biochem (2005) 042, 57-66; Ribeiro S. C ,
Monteiro G A, Cabral J.MS., Prazeres D.MF., 2002, Isolation of
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t hese nmethods.” 15 The obj ect of the present invention' is therefore to
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the drawing. The invention relates to a nethod for t he specific stripping

of5 singl e-stranded nucleic acids, such as for exanple RNA denatured
N I I C RN Ry T T W
possible to separate selectively (partially) denatured gDNA and oc pDNA as well as other
single-stranded nucleic acids from double-stranded nucleic acid(s) such as sc plasmid DNA,
without having to accept the above-mentioned disadvantages of the known methods.
20  Especially, the object is to be seen in enabling sc pDNA to be separated from other nucleic

acids.

The invention achieves this object by means of the method specified in the independent Claim
1. Further advantageous embodiments of the method according to the invention ensue from

25  the dependent claims, the description, the examples and the drawing.

The invention relates to a method for the specific stripping of single-stranded nucleic acids,
such as for example RNA, denatured genomic DNA and partly denatured open circle plasmid
DNA, from preparations which likewise contain double-stranded nucleic acids such as
30  supercoil plasmid DNA. In a special case, for examfﬂe, the present invention enables selective
denaturing of gDNA and oc pDNA as well as their subsequent separation by extraction in a
two-phase system. This therefore involves polishing right down to double-stranded nucleic
acids, such as sc pDNA for example. The method is distinguished by the fact that portions of
double-stranded nucleic acids, such as genomic DNA, ldop-forming RNA aﬁd native double-

35 stranded oc-pDNA, can be completely or partially selectively converted into individual
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desired and necessary degrees of purity in clinical applications are
consi derably higher by

20 When purifying plasmid molecules for clinical or diagnostic use, the process development is
focused on the product quality to be achieved on the one hand and on the resulting preparation
costs (cost-of-goods, COGs) in relation to this on the other. In this connection, the objective
with regard to the required purity of the target molecule (e.g. pDNA) can differ considerably.
The desired and necessary degrees of purity in clinical applications are considerably higher by

25  comparison than those required in most diagnostic applications, for example. However, in
both fields, the objective of process optimisation is to reduce the costs of cleaning to a
minimum in order to make commercial applications possible. This objective can only be
achieved by the development of high-resolution purification methods, as these at the same
time enable the number of necessary purification steps to be kept as low as possible.

30 |
This objective (i.e. The most efficient purification of plasmid DNA possible) becomes all the
more difficult the more physico-chemically similar the components to be stripped out are to
thé target molecule. What is termed open circle (oc) plasmid DNA differs essentially from

supercoil (sc) plasmid DNA only by a strand break or a plurality of strand breaks in one
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capadiigly sjetifichepasdtyafithedescriveninivanionThe present i nvention therefore
describes the specific conplete or partial denaturing of double-stranded
nucl eic acids, for instance by the effect of alkaline pHs of 11 or
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single-stran el ¢ acids,
double-stranded nucleic acids, for 1nstance by the effect of alkaline pHs of 11 or higher, or by
20 means of heat. Such denaturing has the consequence that single-stranded nucleic acids, such
as DNA or RNA, follow different distribution cocfficients in phase systems compared with

double-stranded nucleic acids, such as DNA, due to modified dissolution characteristics.

In contrast to oc pDNA, for example, sc pDNA also denatures during the denaturing phase,

25  but re-natures completely back to the supercoil double helix structure owing to the three-
- dimensional topology and the resulting steric stabilisation of what is called the supercoil, e.g.
after neutralising or cooling. Coinpared with double-stranded DNA, single-stranded DNA and
RNA have a more hydrophobic surface, which is due to the presence of free bases. Owing to

the different re-naturing and denaturing characteristics and the resulting structural

30  characteristics, hydrophobicity and charge densities of oc and sc pDNA for example, a highly
selective separation of the two plasiﬁid topoisomers can be achieved by extraction in aqueous

two-phase‘ systems.
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Pr ef ¢hafhdte dffe€8s CRGHER the method according to the invention. Advantageously,
inc_ubation. is not necessary after adding the potassium phosphate; mixing which is as

20 complete and uniform as possible of the solution after adding the buffer is the decisive factor.
- If incubation should be carried out, however, the incubation period is usually about 1 to 15
minutes, Preferably, as mentioned above, the preparation is agitated, for example vigorously

shaken, stirred or similar, during and/or after adding the salt components.

25  The polymer component which is used according to the invention is preferably polyethylene
glycol (PEG). The polyethylene glycol is preférably used with a molecular weight having an
arithmetic mean of 600 to 1000 g/mol, more preferably having an arithmetic mean of 700 -
900 g/mol and particularly preferably having an arithmetic mean of 750 - 880 g/mol, as one of
the two components of the two-phase system. The PEG used in the present invention

30  preferably consists of a mixture of polyethylene glycol with an average molecular weight of
600 g./mol'(PEG 600) and polyethylene glycol with an average molecular weight of 1000
g/mol (PEG 1000). Both polyethylene glycols are commercially available (e.g. Fluka, Buchs,
Switzerland). In this case, the ready-to-use PEG mixture consists, for example, of 30 — 50%

(w/w) PEG 600 and 50 — 70% (w/w) PEG 1000, preferably 33 — 45% (w/w) PEG 600 and 55
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out are familiar to those skilled in the art.

20
Compared with solid adsorptive phases, aqueous two-phase systems have the advantage that
they have a considerably higher capacity for the double-stranded DNA (such as plasmid
DNA)} to be purified, which in practice is only limited by the solubility in the phases.
Furthermore, the method can be scaled almost at will due to the very simple equip.ment'

25  necessary. But not only automation, but also independently thereof a production on an
industrial scale, for example for the production of >> 2 g highly purified cleaned plasmid
DNA per batch, can only be achieved easily with the simplifications described here. Likewise,
with the present invention, the double-stranded DNA (such as plasmid DNA) can
advantageously be freed to a very large extent from RNA and denatured gDNA, which in

30 many applications, particularly in clinical applications, 1s a to some extent regulatory
requiremenf. Plasmid DNA, which is polished using the method according to the invention,
particularly after a prima:ry purification step (for example by means of QIAGEN resin,
QIAGEN, Hilden, Germany), is within the approval speclﬁcatlons currently accepted in gene
therapy or genetlc vaccination. In this way, large quantltles of highly pure plasmid DNA can
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bat ch, can only be achieved easily with the sinplifications described
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Pllasm d DNA, is polished using the method according to
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to 5 the invention are ecol ogi cal har m ess and canﬁze conpl etéely and
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leads to a repeated purification of the double-stranded DNA (e.g. plasmid DNA) and therefore
20 to a further stripping of contaminants, such as RNA for example, from the double-stranded |
DNA (e.g. plasmid DNA). '

Subsequently to the method according to the invention, it is expedient to isolate the double-
stranded DNA (such as sc plasmid DNA), which is to be found in the lower phase. The
25  isolation and desalination of the (plasmid) DNA from the lower phase produced in step (¢)
can be carried out by ultrafiltration, diafiltration or gel filtration for example. However, for
the purpose of the present invention, any other method known to those skilled in the art can be

used for isolation and/or desalination of the (plasmid) DNA from the lower phase.

30 The aqueous low-molarity buffer used in step (b} is preferably a weak buffer which has only a
low ionic strength. The molarity of the buffer used is preferably not more than 100 mM, more
preferably not more than 50 mM, and in particular not more than 10 mM.



whi ch contains the doubl e-stranded DNA, is separated fromthe upper
-phase, which contains 10 the undesiged nucleic acids, whereupon the
desired doubl e-stranded DNA can be obtained in enriched formfromthe

| ower phase (step (f)). Although a high degree of stripping can be
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Carry%hqgl,gqsit the frap ip'ﬁs %§|bl§wé%gsqﬂetag@t’5&ré ?@%Qﬁggﬁfﬁ%{' bs ?I@g?a%%‘ Iht t he
doubl g5k ﬁgﬂg& PNAGGE: o0 s%ﬁ% Bade L) 2 rtdaéﬁe&emﬁ %%ehowerefa%g h&E

stripping o ontam na as RNA or exanple, fromt
doubl temptratumelatis dﬂ\aﬁv@ma@ ifphasiniscn RieratGelismduontdnyabbot ThendrBs @ dn

according.to the in J it is expedient t0|sol t he _doubl e-

st rarnféfac%r}mbegh% O pF s PRI BRAT P GHATIER DTS dERF & S ting Lo of ower
pmsethe};{gam%@ldls%ggs@ﬁtl on and desalination of the (plasm d) DNA fromthe
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20  overall, in particular to 95% and more and even to 99% and more. Another especmlly suitable

method for the preliminary purification/preliminary separation is anion exchange
chromatography in which comparable percentage sc pDNA contents can be achieved in a

sample.
25  The present invention is explained in more detail below with reference to examples.
Example 1

This example concerns the denaturing of oc pDNA under alkaline conditions and stripping in

30 the two-phase system.

A pre-purified and concentrated plasmid DNA preparation containing oc pDNA and sc pDNA
as well as the further nucleic acids RNA and partially double-stranded gDNA is incubated at a
strongly alkaline pH (> 11). Under these conditions, a denaturing (strand separation) of the



tenperature, it is of advantage if the chosen tenperature |ies between
about 70 and 95C, in particular about 80 and 95C. The optinum
tenmperature here depends on the GC cgntent of 10 the nucleic acids
present. It has been shown to be particul arly advantageous when the

nmet hod according to the invention is carried out subsequently to a
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nucleic acid, to 90%and nmore 20 overall, in particular to 95% and nore
and even to 99% and mpre. Another_ especi al |y suitable method for the
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buffe hase systemwhich Is opt| sed paration ocC c pDNA
t poigpeeplsse).an efficient and high resolution separation of the oc pDNA,
gDNA and the partially double 5 stranded RNA fromthe sc pDNA target

nol ecul e takes place. This was carried out as follows. 5 g NaOH (0.4 M

NaGH) T'l‘(@xrc?ul?s%ﬁ%etsgerﬂél e Bf80R 2 P18 Bl depicted in Fig, 1. The following can be seen
in the figure: '

Lanes | Sample
1+2 Starting solution containing plasmid -
3+4 | Plasmid in desalinated lower phase following alkaline denaturing and
fwo-phase extraction
5 Interphase from the aqueous two-phase separation, resuspended in TE
' (10mM Tris/Cl, ImM EDTA, pH 8.0)
6 gDNA, pDNA standard

20
Samples 1 and 2, and 3 and 4 were appliéd in duplicate before, and after purification,
~ respectively in identical volumetric ratios. It can be clearly seen from the agarose gel shown
in Fig. 1 that the proportion of oc pDNA (third band from the bottom) in the nucleic acids in
lanes 3 and 4, which have been subjected to a method according to the invention and which
25 have beeﬁ removed from the lower phase after aqueous two-phase separation, is gréatly
reduced corripared with lanes 1 and 2, which represent the starting solution. The sc pDNA
target molecule (second band from the bottom) is present in a highly purified form. It can also
be seen from lanes 3 and 4 of Fig. 1 that the Jow molecular weight RNA residues (bottom
band) ofrthe sample have been practically quantitatively removed as a result of the treatment

30  according to the invention of the nucleic acid sample. Finally, in lane 5 (interphase), only the



containing starting solution (36 g/m, determ ned by neans of HPLC). The
reaction batch was m xed and i ncubated at roomtenperature for 5 mn. 20
g of potassium phosphate buffer 10 (50% ww, pH 7.4) and 10 g PEG 800
(75% ww) were then added. This conposition was in turn mxed well.
After, m Xxi [ [ f bat T t]i of
the o ST st SEra S e e bR BEIBG R DR LG 36 108 O
m n aford@PPedket It@ambAna.at ed | ower phase contains the purified se pDNA
whi | e denatured DNA (oc pDNA and ¢gDNA) can be seen as a white "snear"” in
the phase boundary (interphase, between |ower and 15 upper phase). The
results can be seen in the 0.8% a@%&ﬁﬁzgel depicted in Fig. 1. The
following can be seen in the figure:* Lanes Sanple 1+2 Starting solution
containing plasmd 3+4 Plasm d in desalinated | ower phase follow ng

al kal i ne denaturing and _two-phase extraction 5 Interphase fromthe

aqueoliys ewemplsroacaap Hreatsnghring o pepRlAYAdbY Reatncubabenpng SEIPRINg nibe EDTA,
H 8. : -
Dot Sp-pheSGhed WAoR 385369 SRRP bR (D B JDAK (b Wl

i dentwemlprapaledBtTE. ThedatcbSvas!therCdutddoGteperhiiras€T0fts OMQ (ie 5agatasy gel
shown in Fil%. 1 that the proportion of oc pDNA (third band fromthe

bot t ofpulaied: fee 5 muel iaicachhedsgsandriubsegrenslyzcontad op icofprchmiaiecasbass 3B ect ed
to a t i t.he i ng A i e emyed
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r educedy)carip3oeae\WEG (V5Res/d) aRtt Zidedingnike@ries®rting ties, Sh@pidpagition
solution. The scmpDNA target nolecule (second band fromthe bottom is
pr esefies septafugednie ot ivehdee es h2 1 efawhish$60 1evae spcqungadh fosdysths and

4 of i : . lLec ight RNA residues (bottom band) of
t he Slg'un%f%ﬂzﬁ%{}gﬁ%ltég(ﬁﬂ%gé‘%ﬁ%ggﬁ%@é%%@t atively renoved as a result of
the treatment 30 according to the invention of the nucleic acid sanple.

Finally, in l-ane 5 (interBhase), onl¥ the 10 _. .
15 The results can be seen in the 0.8% agarose gel depicted in Fig. 2. The following can be seen

in the figure:

Lanes Sample

1 pDNA and gDNA at RT (standard (Std), corresponding to 100% yield)
2 pDNA and gDNA at RT, subsequently aqueous two-phase system

3 5 min at 70°C; subsequently on ice and agqueous two-phase system

4 5 min at 75°C; subsequently on ice and aqueous two-phase system

5 5 min at 80°C; subsequently on ice and aqueous two-phase system

6 5 min at 85°C; subsequently on ice and agueous two-phase system

7 5 min at 90°C; subsequently on ice and aqueous two-phase $ystem

8 5 min at 95°C; subsequently on ice and aqueous two-phase system

The bottom band of the agarose gel shown in Fig. 2 shows sc pDNA. It can also be seen from
20  the gel that, under the given conditions and for the plasmid pCMVp used, a denaturing
temperature of 80°C with 5 min incubation is sufficient to achieve a practically quantitative

separation of gDNA. and oc pDNA from sc pDNA.

Example 3
25 .
This example relates to the oc pDNA stripping ("polishing"} of a vaccination plaémid by
means of alkaline denaturing and an aqueous two-phase system following primary

puriﬁcation by means of anion exchange chromatography.



| ow nol ecul ar wei ght RNA residues (bottom band) and denatured DNA can be
seen in the formof pocket contam rﬁttl on. Exanple 2 5 This exanple
concerns the denaturing of oc pDNA by heat incubation and stripping in
the two-phase system A tot aI of 350 Al containing pDNA (100 g/m) and

gDNA

terrpe?lf)a1 %glgésfg%)i" 67(\6&{1%11’8%%%? e}gersg%ﬂ ncf%a%ﬂd #Q%gg&%‘%%l ge)[zi?:h
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the sanmpl es were then mxed with 300 TE, and 600 ﬁgosphate buf f er

(ﬁO%"m@M} In e Odiony 1PE (a7Pgue wingle-Tend laa@l@dlaaﬁdlh@ﬁe 8.t Hermotigh g
T
wh o BRGRREBALAPDRR, 4B S SR bARths TR ANAmi QIR HRE shelilat O]

pur i fpatficatioNA. thd brekare dags Uhik StriBind @ as egtied But be n&haﬁ%ﬁgﬁbﬁ&&c@a&ﬂge

depl cted in Fi 2. The followi ng can be seen in the figure: Lanes -
Sanpl@ﬂqmmpg}ﬁd gDNA at RT (standard (Std), corresponding to 100%
yield) 2 pDNA and gDNA at RT, subsequently aqueous two-phase system 3 5
mn at 70C, subsequently on ice and aqueous two-phase system 4 5 mn at
75C, shubseguentdreddul SLfollots adpIRd goftalaghidse irivat (@Me/mlp wiidadded36C,
subsequently on ice and aqueous two-phase SM em 6 5 min at 85C
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a denta@ RIKREE- beé?ﬁﬂéﬁ' agaip én@@d guicespittiEes # 3000 rcaber 1%Wm éfh§dPWPEP]@%F to
aCh' % %gx%gpﬁ%hﬁgql %@f&&@& bR A WEhict FPAAEL A o Wit @R AR 2R RENRE T om

by means of ultrafiltration or gel filtration for example.

15
The results can be seen in the 0.8% agarose gel depicted in Fig. 3. The following can be seen

in the figure:

Lane 1 (before "polishing"): Total pPDNA: 236.6 mg;

20 Pocket: 4.1% mainly gDNA;
oc: 28.4% (absolute: 67.2 mg oc pDNA);

sc: 67.5% (absolute: 159.7 mg sc pDNA);

Lane 2 (after "polishing")  Total pPDNA: 168 mg

25 Pocket: No detectable signals;
oc: ' 14.9% (absolute: 25 mg oc pDNA)
sC: 85.1% (absolute: 142 mg sc pDNA)

As is shown by a comparison of the two lanes 1 and 2 of the gel shown in Fig. 3, the oc
30 pDNA band after the purification step (after "polishing", see lane 2) is considerably weaker
than before the purification step (before "polishing”, see lane 2). The quantitative results

relating to this can be seen in the above table.



This exanple relates to the oc pDNA stripping ("polishing") of a

vacci nation plasmd by neans of al kaline denaturing and an agueous

t wo- phase systemfollowing primary “purification by neans of anion
exchange chromat ography. 11 The manufacture of plasmid DNA for gene
therapeut) %ea&@ngﬁ‘\?ﬁt tfiatY RCHRAkd L B80S B ety L oé@ﬁa{sﬁﬂ&’ﬂmﬁﬁgﬂﬂ gtions
and exacting specifications. rtain pflasmd sequences tend to be

" ni cRadlogical satregpacat boreduced froimomargihian €73ng ¢ 25 sig hndhdaneak the mnaidhod
therefore to formhigh _propaortions of o DNA, The resul tjng_propoytions
of oCCHBNIREHALRS BYCRHG, hperredpeian ThAPORGF2? CRuPF AFRESYdo ﬁthﬁgﬁ%ﬁmisem
case, b I PPy r: 3 i ]
R e A P et S JU
sal utmethod dccogling jo the ireveatole dviich cdrd@péhdy toh yaeldlof svoEECIRsbuf fer (pH 8) .
200 g NaCH (0.4 M were then added and m xed. The 10 m xture was then
incubated for 5 mnutes at roomtenperature. 700 g potassium phosphate
buffer (50%ww, pH 7.4) and 400 g PEG 800 (75% w w, 60C) were
subsequently added to the mi xture. This was again m xed and centrifuged
at 3000 x g for 10 mn. The |lower phase (ca. 900 m ) contains purified
so pDNA, which is converted to suitable fornulation solutions by neans
of ultrafiltration or gel filtration for exanple. 15 The results can be
seen in the 0.8% agarose gel depicted in Fig. 3. The follow ng can be
seen in the figure: Lane 1 (before "polishing”): Total pDNA: 236.6 ny;
20 Pocket: 4.1% mainly gDNA;, oc: 28.4% (absolute: 67.2 ng oc pDNA); so:
67.5% (absolute: 159.7 ng so pDNA); Lane 2 (after "polishing") Total
pDNA: 168 ng 25 Pocket: No detectable signals; oc: 14.9% (absolute: 25 ng
oc pDNA) so: 85.1% (absolute: 142 ng so pDNA) As is shown by a
conparison of the two lanes 1 and 2 of the gel shown in Fig. 3, the oc



30 pDNA band after the purification step (after "polishing", see |ane 2)
i's considerably weaker than before jshe purification step (before
"polishing”, see lane 2). The quantitative results relating to this can
be seen in the above table. 12 As can be seen fromwhat is presented
above, the quantity of oc plasmd @BNAsin a biological sanple can be
reduced fromnore than 67 ng to 25 ng by neans of the nethod according

to the invention, i.e. a reduction of about 62% can be achi eved. On the
ot her; hanCMFtthé %ome%vﬁlgesﬁgﬁg s?ra fl%cﬁ didk ?n I43Lb e Bl rag B LR ©
recovered after carrying-out accor to the I nventi on,

whi ch corrae&tspa:kﬁsacwlsadbydiecfoﬁbw&igmtﬁpsBQ% 13 CI a| ns 1. Method for
renovi ng si ngl e-stranded nucl ei ¢ acids from doubl e-stranded nucl ei c
aci ds, characterised by the following steps: 5 (a) providi ng a mxture

contai ni ng, fomg{r@\?iﬁi angi ﬁrep%ﬁth%u%iog%ﬁ e%%&resuspg%gl?' b1 85HrEe.and

optional | y 'si ngl e- st ande nucleic ng the mxture
fromstep (a) imchic aidsemdptibmilyredge-strandedhfigeic atlssyst em wi th | ow
ionic strength and weak buffer effect; (c) adjusting conditions in the
m xture fromstep (b), which lead to a reversible denaturing of a

spect {1 ed @publesshiantieheHokelonssl dopiapiPbiahidk, Ww-riREb! bty

doubl e- st rande aci wherein el t aci a 15
ploural ity of otsgstemnaich haivcmaujmngthandmmkéuﬁ'eﬂﬁffecdenatur ed; (d) further
addition of buffer and a pol yner conponent to the m xture from step (c)_;
20 (e) incubation of the mxture fromstep (d) for a tinme whichis :

suffici e“t(cf or 4 {L@nﬂé%ﬁ‘@ﬁbﬁ‘m%e%mﬁ%%ﬁ? SLWE%&% st M hagsean

upper and @ | owe and . renoving t terp ase and the upper
phase cont ai ni rignathengiafgh espetified ddowtte- mmaﬁded cnwddicl, ackhbreal plectlito rofof
t he doubl t d I d, f t.h

© double-s rasgemp gcf d%{lgle%(t:rlandedr r?l?glelceacu?s whereln another nucleic acid or

15 plurality of other nucleic acids are irreversibly denatured;

(d)  further addition of buffer and a polymer component to the mixture from step

(©); .

20 (e) incubation of the mixture from step (d) for a time which is sufficient for the
formation of an agqueous two-phase system having an upper and a lower phase;

and

() removing the interphase and the upper phase containing the single-strand
25 _ nucleic acid, and collection of the double-strand nucleic acid from the lower

phase..

2. Method according to Claim 1, characterised in that the mixture from step (a) contains
supercoil (sc) plasmid DNA.
30
3. Method according to Claim 1 or 2, characterised in that the specified double-stranded
nucleic acid from step (c), which can be reversibly denatured, is supercoil (s¢) plasmid
DNA.



phase. 2. Method according to Claim1, characterised in that the m xture
fromstep (a) contains supercoil (sg) plasmd DNA. 30 3. Method
according to Claim1l or 2, characterised in that the specified

doubl e-stranded nucleic acid fromstep (c), which can be reversibly

denat4qir ed, Metho8 4Bk lto 68€ bf Pl2$E1 do 3DMMrackérised -in MRk IROmAGERIBdMAGtehO one
of Clains | to 3, characterised in that the mxture fromstep (a)

cont ai ns dpkeengdintoren(ciisie (oraplasnaid®PA. 5. Met hod according to one of
Claims 1 to 4, characterised in that, in step (f), single- 5 stranded oc
plasm d DNA in the upper phase is separated from doubl e-stranded sc

pl asng.d DWAethbd tabeortidgee didaseClafins Mab o @dhaeecerisidng that, R etef (1, Rengle-
preceding clains, characterised in that the agqueous |ownolarity buffer

syst em acctpadasigoe plasmed DY) inithé uppdroshasoid sepstaiehom dewblers d st0

buffer effect . .mlarity.of up to 100 mM 7. Method according to one
of the pr@@%sg?lagﬁ%‘%égﬁbeﬁogﬁ%?l&ﬁeri sed in that the aqueous lownolarity

buffer systemaccording to step (b) is a Tris buffer, a Tris/EDTA buffer,
phosphat e- buf fered saline solution (PBS), or a citrate buffer. 15 8.

Met hdd acddethipd geeadizgeogiet dethp meessdingrlaimai alaragierised dn dhatsibe aqpeausat.
the denat yrjn condidl ons according t ep..{c), ar.e .produced

| nor east ndovREo ARl SPSeRagRuad MR THEBub Blal P LREHER MY vk on.
2 9. Met hodiepsfrod Ghdg ndctarRpef 9 td 100 MMecedi ng cl ai ns, characterised in
that the denaturing conditions according to step (c) are produced by

increasing the tenperature to 70C or above and that i medi ate cooling

t akes, pl a n,c i.on _aqf 4.ncubati.on. ;10. t hod.accordi 'to one of
the. b bcedrgod FETREE R pd ofaf SEAHIRE s, HERAH AR MATs GufRs,
added accasdimglatity BifeP s¢Hdmiascadpgltasebyb) RhOBROBERrbH ThHR/EDTA bulfet, hod
according to one of the preceding clains, characterised in that the
pol yner  phosphate-buffered saIme solution (PBS), or a citrate buffer.
15
8. Method according to one of the preceding claims, characterised in that the denaturing
conditions according to step (c) are produced by increasing the pH to 11 or higher with

subsequent sufficient incubation,

20 9. Method according to one of the preceding claims, characterised in that the denaturing
conditions according to step (c) are produced by increasing the temperature to 70°C or

above and that immediate cooling takes place on completion of incubation.

10.  Method according to one of the preceding claims, characterised in that the additional

25 buffer added according to step (d) is a potasstum phosphate buffer.

11.  Method according to one of the preceding claims, characterised in that the polymer
added according to step (d) is a polyethylene glycol (PEG), preferably a PEG with a
‘molecular weight of 600 to 1000 g/mol, more preferably of 700 to 900 g/mol, and in

30 -particular of 750 to 880 g/mol, in each case based on the arithmetic mean.

12. Method according to.one of the preceding claims, characterised in that the enriched
double-stranded nuéleic acid from the lower phase is further concentrated by

ultrafiltration or gel filtration.



added according to step (d) is a polyethylene glycol (PEG, preferably a
PEG wth a nolecular weight of 600 i50-1000 g/ nol, nore preferably of 700
to 900 g/nol, and in 30 particular of 750 to 880 g/nol, in each case
based on the arithnetic nmean. 12. Method according to one of the

precedi ng cl ai ns, char act erised in that the enriched double-stranded

nucl ej.¢ acid fromt 0 h Is further concentr |
o't r a1 £ e Fporgine @ Flai Forchatasicrsed o dekiona AGLle st 12,
char act erigRebid 4tid h%eqmrg}\wqu@gpggﬂgj Bngt randed nucleic acid in the

. 5 14.

| ower phase is sc pllasmd Met hod according to one of the
precedi ng clainms, characterised in that steps (d), (e) and (f) are

repeat ed at, | east o hod a cor 14, characterised
ke N7 oS aihie A ThOPURERL AR Br e bt BT o
according 4,9 ( @@eféfpeé@@aﬂg@s@ggééwg clainms, characterised in that only the
| oner phase |n step (e) contains sc pl asmd DNA. 17. Method according to

one of the preceding clains, characterised in that the nethod is 15

o SR et TR SRR AT S B R ¢ ne

prelim nanye-$gRaration/prelimnary purification is an aqueous nucleic
~aci-d two-phase separation or  an anion exchange chromat ography.
10 _

16.  Method according to one of the preceding claims, characterised in that only the lower

phase in step (e) contains sc plasmid DNA.

17.  Method according to one of the preceding claims, characterised in that the method is

15 carried out subsequently to a preliminary separation/preliminary purification.

18.  Method according to Claim 17, characterised in that the preliminary
separation/preliminary purification is an aqueous nucleic acid two-phase separation or

an anion exchange chromatography.





